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Stickler Syndrome: Clinical Characteristics
and Diagnostic Criteria
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The purpose of this study was to establish diagnostic criteria for Stickler syndrome. Ninety
patients from 38 families had complete evaluations for possible Stickler syndrome. Molecular
confirmation of COL2A1 mutation status (type I
Stickler syndrome) was available on 25 patients
from six families. In the remaining 65 patients,
47 from 25 families were affected with Stickler
syndrome and 18 from seven families were unaffected with Stickler syndrome. A diagnostic nosology based on type I Stickler patients with known
COL2A1 mutations was applied to clinically affected and unaffected patients. A diagnostic scale
of 9 points evaluated molecular data or family
history data and characteristic ocular, orofacial,
auditory, and musculoskeletal findings. A score
of 5 was diagnostic of Stickler syndrome. These
criteria demonstrate 100% sensitivity when applied to type I Stickler syndrome patients with
known COL2A1 mutations, 98% sensitivity when
applied to clinically affected Stickler patients,
and 86% specificity when applied to patients unaffected based on clinical and/or molecular analysis.
We conclude that diagnostic criteria based on type
I Stickler patients with molecularly confirmed
COL2A1 mutations appear to be sensitive and
specific for the diagnosis of this syndrome and
should be helpful to clinicians when making the
diagnosis.
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INTRODUCTION

Stickler syndrome (hereditary arthro-ophthalmopathy) first
recognized by Stickler et al. [1965] in a family with ocular,
orofacial, auditory, and musculoskeletal abnormalities [Stickler
and Pugh, 1967] is thought to be one of the most common
autosomal dominant connective tissue disorders [Herrmann
et al., 1975]. Subsequently over 100 reports including more
than a dozen review articles on this syndrome have expanded
the details of the phenotype affecting the ocular, craniofacial,
auditory, and musculoskeletal systems and the heart, and
highlighted the intra- and inter-familial variability [Liberfarb
et al., 1981, 2003; Lucarini et al., 1987; Spallone, 1987; Seery
et al., 1990; Snead et al., 1994, 1996; Wilkin et al., 1998; Martin
et al., 1999; Snead and Yates, 1999; Richards et al., 2000a,b;
Stickler et al., 2001; Szymko-Bennett et al., 2001; Rose et al.,
2001a,b; Donoso et al., 2003; Poulson et al., 2004].
Molecular studies have demonstrated linkage to and subsequently mutations in the COL2A1, COL11A1, and COL11A2
procollagen genes, and further loci are likely, as linkage to
these three genes has been excluded in some affected families [Francomano et al., 1987, 1988; Ahmad et al., 1991, 1993;
Brown et al., 1992; Brunner et al., 1994; Vikkula et al., 1995;
van Steensel et al., 1997; Sirko-Osadsa et al., 1998]. A-2 ! G
transition at the 30 acceptor splice site of IVS 17 in COL2A1 was
found to be the mutation in the original Stickler family
[Williams et al., 1996].
The molecular causes of the Stickler syndromes are mutations in type II or type XI collagen. Type II collagen is a
homotrimer of three COL2A1 gene products, while type XI
collagen is a heterotrimer containing one each of the COL2A1,
COL11A1, and COL11A2 gene products [Byers, 1995]. Both
are fibrillar collagens expressed primarily in cartilage, the
vitreous, and nucleus pulposus. Type II and XI collagen are
among the most abundant proteins in the middle and inner
ear [Shpargel et al., 2004]. In type XI collagen found in the
vitreous, the gene product of COL5A2 replaces that of
COL11A2.
The Stickler syndrome is now subclassified into three types
based on ocular phenotype and molecular linkage [Online
Mendelian Inheritance in Man, Johns Hopkins University,
1999, MIM Number 184840; Online Mendelian Inheritance in
Man, Johns Hopkins University, 2000, MIM Number 108300,
MIM Number 60481]. Most patients have characteristic
congenital vitreous abnormalities with an apparently vestigial
vitreous gel bordered by a folded membrane occupying
the retrolental space. This membranous vitreous phenotype,
type 1, has been linked to abnormalities in COL2A1 and is
associated with type I Stickler syndrome [Online Mendelian
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Inheritance in Man, Johns Hopkins University, 2000, MIM
Number 108300]. In a clinical variant of type I, families with
mutations in exon 2 of COL2A1 present with the Stickler
phenotype in the eye with minimal or absent extraocular
findings [Donoso et al., 2003]. In another clinical variant of
type I Stickler syndrome, a large family with linkage to the
COL2A1 gene has a unique L467F mutation in the X position of
the type II collagen Gly–X–Y triple helix producing a novel
‘‘afibrillar’’ vitreous gel devoid of all lamellar structure,
extending the mutation spectrum of the COL2A1 gene and
helping to explain the basis for different vitreous phenotypes
seen in the Stickler syndromes [Richards et al., 2000Q1].
The type 2 ‘‘beaded’’ vitreous phenotype, manifesting sparse,
and irregular thickened bundles of fibers throughout the
vitreous cavity, is linked to COL11A1, and is described as
type II Stickler syndrome [Online Mendelian Inheritance in
Man, Johns Hopkins University, 2000, MIM Number 60481].
Most recent publications confirm that vitreous slit-lamp
biomicroscopy can be helpful in distinguishing between
patients with COL2A1 and COL11A1 mutations based on the
vitreous phenotype [Snead et al., 1994, 1996, 1999Q2; Martin
et al., 1999]. However in three recent reports there appears not
to be a correlation between the gene mutation and vitreous
phenotype. In one family, Parentin et al. [2002] reported that
the type 1 or membranous vitreous was linked to COL11A1. By
way of explanation, McLeod et al. [2002] hypothesized that an
apparent conversion of the type 2 vitreous phenotype to a type
1-like appearance had occurred after the development of a
posterior vitreous detachment (PVD) in a family followed by
their group, and that the same phenomenon had occurred in
Parentin et al.’s family prenatally. In reply, Parentin [2002]
reported that the latest clinical history of one of his patients
refutes the hypothesis of conversion from type 2 to type 1 after
PVD; that patient had the same type 1 vitreous phenotype in
both eyes prior to and following PVD in one eye. Parentin
[2002] indicates that confusion still exists when trying to
correlate vitreous phenotype with genotype and underlines the
need to do further genetic studies involving greater size and
number of pedigrees to better explain the correlation or lack of
it between gene mutations and vitreous phenotypes.
In type III Stickler syndrome, patients whose phenotype
manifests systemic features of Stickler syndrome with no
ocular involvement have mutations in the COL11A2 gene
[Online Mendelian Inheritance in Man, Johns Hopkins
University, 1999, MIM Number 184840].
Clinical manifestations of both Stickler syndromes type I
and type II involve the ocular, orofacial, auditory, and musculoskeletal systems. Patients may develop myopia at a young
age with vitreous abnormalities and predisposition to retinal
lattice formation, holes, tears, and/or detachments and
premature cataracts [Niffenegger et al., 1993]. Approximately
one quarter have cleft palate, and another third have more
subtle palatal abnormalities including submucous clefts or
bifid uvulas [Stickler et al., 2001; Liberfarb et al., 2003].
Facial abnormalities include malar hypoplasia, flattening,
or widening of the nasal bridge, and micro/retrognathia
(Fig. 1). In our experience, the facial characteristics usually
are less prominent in older individuals. High frequency
sensorineural hearing loss progresses with age, and many
patients have hypermobile tympanic membranes (Fig. 2)
[Szymko-Bennett et al., 2001]. Nearly all patients have evidence of mild spondyloepiphyseal dysplasia [Herrmann et al.,
1975; Liberfarb and Hirose, 1982] with frequent spinal
abnormalities (scoliosis, Scheuermann-like kyphotic deformities, and spondylolisthesis) [Letts et al., 1999; Rose et al.,
2001a]. Premature osteoarthritis is common, and there appears to be a predisposition to femoral head complications
(Legg-Perthes like disease or slipped epiphysis) [Rose et al.,
2001b].

A

Fig. 1. Profiles of three generations of affected relatives with type I
Stickler syndrome and known COL2A1 mutation demonstrate characteristic face (short midface, micro/retrognathia, and depressed nasal
bridge): (a) grandmother, age 55; (b) son, age 37; (c) grandson, age 13; and
(d) grandson, age 9 years.

Previous authors have proposed diagnostic criteria for
Stickler syndrome based on vitreous phenotype (for which a
slit lamp examination is needed) and requiring involvement in
various organ systems (e.g., congenital vitreous anomaly plus
any three of the following: myopia with onset before 6 years;
rhegmatogenous retinal detachment or perivascular pigmented lattice degeneration; joint hypermobility with an abnormal

Fig. 2. Audiogram of patient with type I Stickler syndrome and a known
COL2A1 mutation. Hearing thresholds for right ear indicated by *, left ear
by X; brackets indicate masked bone conduction thresholds for each ear.
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Beighton score with or without radiological evidence of joint
degeneration; audiometric confirmation of sensorineural hearing defect; and midline clefting ) [Snead et al., 1994, 1996;
Snead and Yates, 1999]. Unfortunately, it is not always possible to determine vitreous phenotype using slit-lamp biomicroscopy in children 4 years and younger (unless an
examination under anesthesia is performed) or in patients
with prior retinal surgeries (following retinal detachment,
vitrectomy is often performed and prevents subsequent distinction between the type I and II phenotypes).
We propose diagnostic criteria for Stickler syndrome based
on involvement in ocular, orofacial, auditory, and musculoskeletal systems. The diagnostic criteria were developed from
clinical data on 22 patients from six families diagnosed because
of clinical manifestations of type I Stickler syndrome, and then
confirmed by molecular analysis demonstrating mutations in
COL2A1. We further report the application of these criteria to a
larger cohort of 47 patients from 25 families clinically
diagnosed with Stickler syndrome (44 patients with type I or
II Stickler syndrome, two with type II and one with type III
without ocular problems and a negative family history) in
whom molecular confirmation is not yet available.

reaction amplification of sequences containing in-frame CGA
codons in COL2A1 (which are mutable to TGA stop codons via a
methylation-deamination mechanism) [Wilkin et al., 2000]. In
addition, frameshift mutations in two families were detected
using denaturing high performance liquid chromatography
(DHPLC) to analyze PCR fragments including intron/exon
boundaries amplified from genomic DNA. Products showing a
shift on DHPLC were then sequenced for mutation analysis. As
a result of the screening procedure, a total of seven mutations
in the type II collagen gene locus COL2A1 were found in 47
individuals from 10 families [Liberfarb et al., 2003]. In two
families, the proband was a child with a de novo mutation. All
10 families were invited to the NIH genetics clinic for a
comprehensive clinical evaluation. Individuals from six of the
families exhibiting five different mutations accepted our
invitation and had complete evaluations at NIH. The other
four families allowed us to review medical records. Affected
members of the 10 families with confirmed mutations had
similar phenotypes, though both inter- and intra-familial
variability was apparent and extensive [Liberfarb et al.,
2003]. In addition, individuals from 31 families with the
clinical diagnosis of type I and type II Stickler syndrome and
one individual with type III (non-ocular Stickler syndrome)
had comprehensive evaluations at NIH. Molecular analysis of
these families is planned.
Patients pictured in Figure 1 provided written consent for
publication of unmasked facial photographs.

A
MATERIALS AND METHODS

We reviewed clinical and molecular data on 90 patients from
38 families evaluated for Stickler syndrome at the National
Institutes of Health Medical Genetics Clinic. All patients were
enrolled (with written informed consent) in a natural history
and molecular etiology study approved by the National Human
Genome Research Institute Institutional Review Board (NIH
protocol 97-HG-0089). Patients under age 5 years were
excluded from analysis because of the difficulty in obtaining
complete ocular, auditory, and radiographic data.
All patients age 5 years and older were examined by one or
more medical geneticists experienced in diagnosing Stickler
syndrome and related connective tissue disorders (CAF, HPL,
RML). All underwent eye examination by ophthalmologists
experienced in evaluating connective tissue disorders (BIR,
ET); otorhinolaryngological examination (AJG), and audiological evaluation (YMS-B) by specialists experienced in
evaluating Stickler syndrome patients; and all had musculoskeletal evaluations including determination of the Beighton
score and skeletal radiology of the spine and long bones (PR).
Retinal detachment was ascertained by history and vitreous
changes were observed by ophthalmologic examination. High
frequency sensorineural hearing loss was evaluated by audiologic examination with deficits defined by age specific thresholds at or greater than the 95th centile for normal values at
4 kHz [Morrell et al., 1996; Szymko-Bennett et al., 2001].
Palatal abnormalities were defined by otorhinolaryngologist
examination. Hypermobile tympanic membranes were defined
by tympanometry. Scoliosis was defined as sagittal curvature
of the spine >108 as measured by the technique of Cobb [1948].
Scheuermann-like kyphosis was defined as a focal kyphosis
with 58 or greater vertebral body wedging across three consecutive vertebral bodies (for a minimum 158 focal kyphosis)
[Fon et al., 1980; Freeman, 2003]. Osteoarthritis was defined
as articular pain in conjunction with joint space narrowing,
osteophytes, or subchondral sclerosis or cysts. Characteristic
facial changes were defined as the triad of malar hypoplasia, a
broadened or flat nasal bridge, and micro/retrognathia. Family
history was considered contributory if a 1st degree relative
independently met diagnostic criteria. Designation as clinically affected or unaffected was determined prior to development or application of the diagnostic criteria proposed herein.
Initially, 40 families were screened for mutations in the type
II collagen gene locus COL2A1. Five mutations were found in
multiple members of eight families by polymerase chain
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RESULTS

Ninety patients over age 5 years from 38 families had complete evaluations for possible Stickler syndrome (M:F 34:56;
age range from 5 to 69 years). Of these, molecular confirmation
of COL2A1 mutation status (type I Stickler syndrome) was
available on 25 patients from six families (22 affected and three
unaffected by mutation analysis). In the remaining 65 patients
from 32 families, 47 from 25 families were affected and 18 from
seven families were unaffected with Stickler syndrome. Of the
47 affected patients, on the basis of eye findings, 16 have type I
Stickler syndrome, two have type II, and one has type III. In the
remaining affected individuals, the ocular phenotype was
either overlapping or too severe to distinguish type I from type
II Stickler syndrome, or could not be determined due to prior
surgery.
Molecular data on 22 patients from six families with known
COL2A1 mutations are presented in Table I. All had ocular,
orofacial, auditory, and musculoskeletal abnormalities characteristic of type I Stickler syndrome. The clinical data on these
22 patients with known COL2A1 mutations is shown in
Table II. All patients who could have vitreous examinations
had type I vitreous findings.
Proposed diagnostic criteria based on analysis of 22 patients
with type I Stickler syndrome with known COL2A1 mutations
are presented in Table III. These criteria evaluate the major
manifestations of the disorder and are structured similarly to
the Ghent criteria for the diagnosis of Marfan syndrome
[De Paepe et al., 1996]. Patients are classified as affected if they
have a diagnostic score of five or more points (of nine
maximum) and have at least one ‘‘major’’ (2 point) orofacial,
ocular, or auditory manifestation (cleft palate, submucous cleft
palate, and/or bifid uvula, characteristic vitreous changes or
retinal abnormalities, high frequency sensorineural hearing
loss) and do not have findings of a more severe skeletal
dysplasia or other syndrome.
All 22 Stickler type I patients with molecular confirmation of
COL2A1 mutations (average age ¼ 38.8 years) satisfied these
diagnostic criteria (average score 7.4; range 5–9). Additionally,
47 patients diagnosed with Stickler syndrome on whom
molecular data were not available (average age ¼ 34.8 years)
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TABLE I. Molecular Data on 22 Patients With Type I Stickler Syndrome and Known
COL2A1 Mutations
Family

Number seen at
NIH/number affected

Patient

Exon

Nucleotidea

Amino acidb

7/8
2/11
4/8
3/4
3/5
3/3

1–7
8, 9
10–13
14–16
17–19
20–22

12
15
22
23
23
40

883delC
625C > T
1563del5
1597C > T
1597C > T
2794C > T

L95fsX107
R9X
G322fsX345
R333X
R333X
R732X

A
2
3
4
5
6
9
a
b

Nucleotide position is from ATG of variant 1 mRNA (GenBank reference number NM_001844).
Amino acid position is from the start of the triple helical domain.

satisfied these criteria (average score 7.5; range 4–9). One 35
years old woman considered to be clinically affected (ocular
phenotype too severe to distinguish type I from type II) with
characteristic vitreous changes, retinal detachment, premature osteoarthritis, and spinal deformity but without a family
history of Stickler syndrome, orofacial or significant auditory
abnormalities scored 4 of 9 on our criteria. High frequency
sensorineural hearing loss was present in this patient but had
not yet reached the threshold used in this study.
A clinical summary of all patients evaluated in this study is
presented in Table IV. There was no difference in the clinical
severity of the 22 patients with molecular confirmation of
affected status and the 47 patients diagnosed on clinical
grounds. The diagnostic scores of all patients evaluated in this
study is presented in Figure 3A (molecularly confirmed and
excluded) and Figure 3B (clinically confirmed and excluded).
Three molecularly excluded patients (average age ¼
36.6 years) had scores of 0, 1, and 1 with an average of
0.6. Fifteen of the unaffected patients evaluated (average
age ¼ 27 years) had scores ranging from 0 to 4 with an average
of 1.33. Four patients are completely unaffected and had a
diagnostic score of zero. Three relatives of Stickler patients had
diagnostic scores of one point for positive family history
because they had an affected relative. Seven patients had
minimal findings suggestive of a possible non-specific connective tissue disorder, not Stickler syndrome. Two sibs had
type I vitreous changes without extra ocular involvement.
Each had a diagnostic score of 2. They might be considered
examples of the variant of type I Stickler syndrome caused by a
mutation in exon 2 of COL2A1. However, the parents’ normal
eyes make the diagnosis of autosomal dominant Stickler
syndrome unlikely. Their mother had a diagnostic score of
one for Scheuermann-like kyphosis. Another patient, a woman
30 years old and with no family history of Stickler syndrome,
was referred for evaluation with non-specific vitreous degeneration associated with mild myopia, mitral valve prolapse,
early onset degenerative arthritis and scoliosis. Her diagnostic
score was 4. Three other related patients had no eye involvement and minimal extraocular manifestations such as bifid
uvula and hypermobile tympanic membrane in a father, bifid
uvula in one daughter and significant sensorineural hearing
loss in another daughter. The father had a diagnostic score of
3 and each daughter had a diagnostic score of 2. Another
patient with an affected brother had a diagnostic score of 3, one
point for family history of Stickler syndrome and two points
for a retinal detachment that occurred after a cataract extraction. The other three clinically excluded patients (average
age ¼ 9.6 years) had diagnostic scores of 6, 7, and 8 and would
have been diagnosed under these criteria. However, each of
these had a clinically distinct phenotype (unique unnamed
syndrome, Kniest syndrome, and spondyloepimetaphyseal
dysplasia, or SEMD, respectively) easily differentiated from
Stickler syndrome.

DISCUSSION

The difficulties in obtaining molecular analysis on patients
diagnosed as having Stickler syndrome can be explained
because of the size, complexity, and number of genes involved.
Where the service is available, it is costly and not generally
covered by insurance. Molecular analysis of the 47 clinically
diagnosed patients is planned. In the meantime, we decided
that it would be useful for clinicians not familiar with Stickler
syndrome to develop diagnostic criteria based on our 22 patients
with molecular confirmation of type I Stickler syndrome.
These proposed diagnostic criteria for type I Stickler syndrome are centered on four sets of manifestations (orofacial,
ocular, auditory, and musculoskeletal). Although mitral valve
prolapse (MVP) had been reported as common in Stickler
syndrome [Liberfarb and Goldblatt, 1986], we did not include it
for two reasons. First, this finding lacks specificity among
heritable disorders of connective tissue. Second, the criteria
for echocardiographic diagnosis of MVP have undergone
revision since its report as a common manifestation in Stickler
syndrome. Using current criteria, MVP is a relatively uncommon finding in Stickler syndrome patients [Ahmad et al.,
2003; Liberfarb et al., 2003].
Our proposed diagnostic criteria demonstrate 100% sensitivity when applied to a population of Stickler patients with
ocular and systemic changes and known COL2A1 mutations,
which is expected since the criteria were developed based on
findings in these 22 patients. More importantly, the diagnostic
criteria demonstrate 98% sensitivity when applied to a larger
cohort of patients clinically diagnosed as having Stickler
syndrome on the basis of the four commonly affected systems.
In this group, molecular analysis is not yet available. The
single patient considered to be clinically affected who was not
diagnosed under these criteria scored only 4 points, she has
hearing loss which has not yet reached the threshold in our
criteria but may do so in the future. Thus, these diagnostic
criteria demonstrate a high sensitivity for patients with type I
Stickler syndrome.
Of the 47 Stickler patients without molecular confirmation,
only two were diagnosed as having type II Stickler syndrome
and only one as having type III Stickler syndrome. These three
met the diagnostic criteria as well. The numbers in our study
were too small for statistical analysis; however, the only
published clinical distinctions between the three Stickler types
have been the presence/ absence of ocular findings and specific
type of vitreous change. Therefore one might logically suspect
that these criteria would prove equally sensitive and specific
for type II, and only slightly less sensitive for the non-ocular
type III.
There were no patients in the study with only ocular findings
as in the variant of type I with mutation in exon 2 of COL2A1.
We did not intend these diagnostic criteria to be applied to
any ocular-only phenotype(s), but rather to multi-system
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TABLE III. Diagnostic Criteria for Type I Stickler Syndrome
Orofacial abnormalities (2 points maximum)
2 points
1 point

Cleft palate (open cleft, submucous cleft, or bifid uvula) (major)
Characteristic face (malar hypoplasia, broad or flat nasal bridge, and
micro/retrognathia)

A

Ocular abnormalities (2 points maximum)
2 points

Auditory abnormalities (2 points maximum)
2 points

1 point
Skeletal abnormalities (2 points maximum)
1 point
1 point
1 point
Family history/molecular data
1 point

Characteristic vitreous changes or retinal abnormalities (lattice degeneration,
retinal hole, retinal detachment or retinal tear) (major)
High frequency sensorineural hearing loss (major)
Age < 20: threshold 20 dB at 4–8 kHz
Age 20–40: threshold 30 dB at 4–8 kHz
Age >40: threshold 40 dB at 4–8 kHz
Hypermobile tympanic membranes

Femoral head failure (slipped epiphysis or Legg–Perthes-like disease)
Radiographically demonstrated osteoarthritis before age 40
Scoliosis, spondylolisthesis, or Scheuermann-like kyphotic deformity

Independently affected 1st degree relative in a pattern consistent with autosomal
dominant inheritance or presence of COL2A1, COL11A1, or COL11A2 mutation
associated with Stickler syndrome

Diagnosis requires

5 or more points
At least one major 2-point manifestation
Absence of features suggestive of a more severe skeletal dysplasia or other syndrome
(e.g., stature <5th percentile)

The incidence of retinal detachment and similar abnormalities
is estimated at 10.1 per 100,000 person-years [Wilkes et al.,
1982]. Cleft palate (including submucous cleft and bifid
uvula) occurs in less than one in 100 patients [Schurter and
Letterman, 1966; Weatherley-White et al., 1972]. The proposed audiology criteria identify only those individuals beyond
the 95th centile in hearing loss and tympanic membrane
mobility [Szymko-Bennett et al., 2001]. Idiopathic scoliosis
occurs in approximately 2% of adolescents, and other spinal
abnormalities have similar frequencies [Rogala et al., 1978].
Symptomatic osteoarthritis before age 40 and femoral head
failure in youth are very rare events, well beyond two standard
deviations from normal [Barker and Hall, 1986; Carney et al.,
1991; Tepper and Hochberg, 1993]. Taken in combination, it is
unlikely that patients without Stickler syndrome or a closely
related disorder will fulfill these diagnostic criteria by random
chance.
Patients with Marshall syndrome are also expected to satisfy
the diagnostic criteria for Stickler syndrome but in spite of
some clinical overlap with the types of Stickler syndrome as
shown in Table V, they differ [Ayme and Preus, 1984; Annunen
et al., 1999]. Marshall syndrome patients have: short stature;

connective tissue disorders. To change the diagnostic criteria
to pick up the ocular-only phenotype would dilute the
specificity so that the clinical utility would be lost. While it is
important to make the diagnosis of the ocular-only variant of
type I Stickler syndrome, it was not the goal of this work to do
that. The diagnosis of the type I variant must depend on the
clinical suspicion of the examining ophthalmologist and
molecular confirmation of the mutation in exon 2 of COL2A1.
The specificity of the diagnostic criteria for type I Stickler
syndrome cannot be directly ascertained unless there is comparison to a control population with complete medical history
and physical, ophthalmologic, audiologic, and radiographic
examinations. We are able to report these findings on a group
of 21 patients referred for evaluation of possible Stickler
syndrome. Eighteen of these patients failed to meet our proposed diagnostic criteria. Three scored 5 or more on these
diagnostic criteria. However, each of the three ‘‘false positives’’
had a distinctive clinical phenotype allowing for easy differentiation from the Stickler syndrome.
Additionally, the background prevalence of the components
of our diagnostic criteria suggests that these criteria will
display a high specificity when applied to a larger population.

TABLE IV. Clinical Summary of Patients Evaluated for Type I Stickler Syndrome
Orofacial
system

Number
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Molecularly
Excluded
Clinically
Confirmed
Clinically
Excluded
a
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9

7.7
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5
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4

1

2

0

2.5

33 F

1b
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Stickler Syndrome: Diagnostic Criteria
1p21/COL11A1
68
33.3%
10%
40% (congenital or early onset)
100%
66%
100%
80%
100% (moderate–severe)
NR
60%
NR
100%
NR

Marshall syndromee
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6p21.3/COL11A2
68
0%
0%
NR
0%
NR
100%
55%
100%
55%
44%
NR
NR
NR
1p21/COL11A1
66
100%
42%–53%
64%
81%–100%
43%
Mild, if at all
12.5%–33.3%
75%–80%
50%
NR
12.5%–33%
0%
0%

b

a

Liberfarb et al. [2003].
Richards et al. [2000]; Donoso et al. [2003]; Poulson et al. [2004].
c
Richards et al. [1996Q4].
d
Vikkula et al. [1995]; Sirko-Osadsa et al. [1998].
e
Annunen et al. [1999].
NR, none reported.

12q13.1-q13.2/COL2A1
1 (exon 2)
100%
57%–91%
78%
83%
NR
0%–41%
23%
47%
NR
NR
12%
NR
NR
12q13.1-q13.2/COL2A1
52 (exons 1, 3–53)
100%
68%
40% (late onset)
100%
0%
72%
64%
76% (mild-moderate)
60%
Rare
52%
NR
4%
Chromosome/gene
Number of exons
Vitreoretinal degeneration
Retinal detachment
Cataract
Myopia
Cranial abnormalities
Midfacial hypoplasia
Palatal abnormalities
Hearing loss
Early onset osteoarthritis
Short stature
Joint hypermobility
Ectodermal dysplasia
Mitral valve prolapse

Stickler syndrome
type IIId
Stickler syndrome
type IIc
Stickler syndrome
type I variantb

Stickler syndrome
type Ia

more pronounced dysmorphic facial features (a flat, retracted
midface, a short nose, anteverted nostrils, and shallow orbits)
not lessened with age; abnormalities in cranial ossifications;
less frequent vitreoretinal degeneration and retinal detachments; congenital and juvenile cataracts; and moderate to
severe congenital or early onset hearing loss. Thus, it is
unlikely that syndromic overlap will lead to misclassification of
patients using these diagnostic criteria for Stickler syndrome.
Molecular studies have indicated that patients with a
splicing mutation in a 54-bp exon or with a mutation causing
a 54-bp deletion in the C-terminal half of the COL11A1
gene frequently have findings related to Marshall syndrome
[Annunen et al., 1999]. However, other mutations in the
COL11A1 gene resulted in overlapping phenotypes of Marshall
and type I Stickler syndrome, possibly explaining the conflicting reports of whether Stickler and Marshall syndromes are
separate entities [Annunen et al., 1999].
Stickler syndrome is among the most common autosomal
dominant connective tissue disorders but is often unrecognized
and therefore not diagnosed by clinicians. Ten percent of
patients with isolated cleft palate and 12% with the Pierre–
Robin sequence were found to have undiagnosed Stickler
syndrome in recent studies [Sheffield et al., 1987; Kronwith
et al., 1990]. In a small series of children with an assortment of
non-specified disorders causing visual loss attending a preschool for the visually impaired, examiners found 10% to be
affected with Stickler syndrome [Printzlau and Anderson,

TABLE V. Comparison of Clinical Features in Stickler Syndromes and Marshall Syndrome

A

Fig. 3. A: Summary of diagnostic scores of affected patients with type I
Stickler syndrome, molecularly confirmed (mol. conf.) and unaffected
relatives molecularly excluded (mol. excl.); and (B) summary of diagnostic
scores of clinically confirmed Stickler patients (clin. conf.) and others
clinically excluded (clin. excl.).
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2004]. It is likely that some patients presenting with retinal
detachment or skeletal abnormalities such as scoliosis or
Legg–Perthes disease have unrecognized Stickler syndrome.
Recognition of Stickler syndrome has important medical and
personal consequences for patients and their families. Early
identification of ocular and auditory abnormalities allows
surveillance for and early treatment of complications. Similarly, correct diagnosis allows prognosis of and surveillance for
skeletal complications and genetic counseling for affected
families. Of equal value, exclusion of the Stickler syndrome can
provide reassurance or lead to further evaluation to establish
the correct diagnosis.

Fon GT, Pitt MJ, Theis AC. 1980. Thoracic kyphosis: Range in normal
subjects. Am J Roentgenol 134:979–983.
Francomano CA, Liberfarb RM, Hirose T, Maumenee IH, Streeten EA,
Myers DA, Pyeritz RE. 1987. The Stickler syndrome: Evidence for close
linkage to the structural gene for type II collagen. Genomics 1:293–
296.
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Softproofing for advanced Adobe Acrobat Users - NOTES tool
NOTE: ACROBAT READER FROM THE INTERNET DOES NOT CONTAIN THE NOTES TOOL USED IN THIS PROCEDURE.

Acrobat annotation tools can be very useful for indicating changes to the PDF proof of your article.
By using Acrobat annotation tools, a full digital pathway can be maintained for your page proofs.
The NOTES annotation tool can be used with either Adobe Acrobat 4.0, 5.0 or 6.0. Other
annotation tools are also available in Acrobat 4.0, but this instruction sheet will concentrate
on how to use the NOTES tool. Acrobat Reader, the free Internet download software from Adobe,
DOES NOT contain the NOTES tool. In order to softproof using the NOTES tool you must have
the full software suite Adobe Acrobat 4.0, 5.0 or 6.0 installed on your computer.

Steps for Softproofing using Adobe Acrobat NOTES tool:
1. Open the PDF page proof of your article using either Adobe Acrobat 4.0, 5.0 or 6.0. Proof
your article on-screen or print a copy for markup of changes.
2. Go to File/Preferences/Annotations (in Acrobat 4.0) or Document/Add a Comment (in Acrobat
6.0 and enter your name into the “default user” or “author” field. Also, set the font size at 9 or 10
point.
3. When you have decided on the corrections to your article, select the NOTES tool from the
Acrobat toolbox and click in the margin next to the text to be changed.
4. Enter your corrections into the NOTES text box window. Be sure to clearly indicate where the
correction is to be placed and what text it will effect. If necessary to avoid confusion, you can
use your TEXT SELECTION tool to copy the text to be corrected and paste it into the NOTES
text box window. At this point, you can type the corrections directly into the NOTES text
box window. DO NOT correct the text by typing directly on the PDF page.
5. Go through your entire article using the NOTES tool as described in Step 4.
6. When you have completed the corrections to your article, go to File/Export/Annotations (in
Acrobat 4.0) or Document/Add a Comment (in Acrobat 6.0).
7. When closing your article PDF be sure NOT to save changes to original file.
8. To make changes to a NOTES file you have exported, simply re-open the original PDF
proof file, go to File/Import/Notes and import the NOTES file you saved. Make changes and reexport NOTES file keeping the same file name.
9. When complete, attach your NOTES file to a reply e-mail message. Be sure to include your
name, the date, and the title of the journal your article will be printed in.

