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Purpose: Skeletal dysplasias comprise a heterogeneous group of
inherited disorders of development, growth, and maintenance of
the human skeleton. Because of their relative rarity and wide
phenotypic variability, patients should be accurately identified,
uniformly assessed, and managed by clinicians who are aware of
their potential complications and possess the knowledge and
resources to treat them effectively. This study presents expert
guidelines developed to improve the diagnosis and management of
patients with type II collagen skeletal disorders to optimize clinical
outcomes.

Methods: A panel of 11 multidisciplinary international experts
in the field of skeletal dysplasia participated in a Delphi
process, which comprised analysis of a thorough literature review
with subsequent generation of 26 diagnosis and care recommen-
dations, followed by two rounds of anonymous voting with
an intervening face-to-face meeting. Those recommendations

with more than 80% agreement were considered as consensual.

Results: After the first voting round, consensus was reached
to support 12 of 26 (46%) statements. After the panel discussion,
the group reached consensus on 22 of 24 revised statements
(92%).

Conclusions: Consensus-based, expert best practice guidelines
developed as a standard of care to assist accurate diagnosis,
minimize associated health risks, and improve clinical outcomes
for patients with type II collagen skeletal dysplasias.
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INTRODUCTION
The skeletal dysplasias comprise a large, heterogeneous, and
collectively common group of inherited disorders that affect
development, growth, and maintenance of cartilage and
bone.1 Variants in the gene encoding type II collagen
(COL2A1) give rise to a variety of clinical phenotypes ranging
from severe perinatal lethal disorders that present antenatally
to milder conditions that present in the postnatal period and
childhood. The hallmarks of classic type II collagen disorders
include disproportionate short stature, skeletal dysplasia,
distinctive eye abnormalities, cleft palate, small jaw, and
hearing loss, however, there is remarkable variability in
disease presentation, and the clinical spectrum of COL2A1
variants extends from perinatal lethal to isolated joint disease

(arthritis). These expert guidelines aim to make relevant
health-care professionals aware of these rare conditions, and
their associated clinical manifestations, to assist them in
optimizing patient outcomes through best” practice, including
medical and surgical management, and genetic counseling.

MATERIALS AND METHODS
A RAND-UCLA modified Delphi method was used to create
consensus-based guidelines for the treatment and manage-
ment of patients with type II collagen disorders. This
methodology consists of a systematic literature review,
creation of a list of statements, multiple rounds vetting those
statements, and a face-to-face meeting where these indications
are rated anonymously by a group of experts.2,3 The group of
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clinicians who participated in this study have an average 20
years of experience in treating patients with type II collagen
disorders (range 13–43 years), and manage over 500 patients
with these conditions. The Delphi methodology has been
widely used in medical research to determine appropriate
treatment and best practice guidelines,4–6 and has been
successfully used by this group previously.7–9

The primary author (R.S.) created statements based on
systematic literature review that were evaluated by the
authors who edited the list. The first electronic survey
consisted of 26 statements and was distributed with the
referenced literature search to a panel of international
experts in September 2017 (round 1) (Table 1). Respondents
rated the statements using a 5-point Likert scale (Strongly
Agree, Agree, Neutral, Disagree, and Strongly Disagree). A
month later, at a face-to-face meeting, the results of the
survey and the literature review were presented. Structured
discussion was focused on areas of disagreement with
the opportunity to modify statements if desired. The panel
then suggested edits and the revised statements were
rated anonymously for a second time by electronic survey
(round 2).
Consensus of 80% is considered the standard for Delphi

processes, and this percentage was agreed to a priori.
Statements with ≥80% agreement between two categories
(Strongly Agree and Agree, or Strongly Disagree and
Disagree) were interpreted as appropriate or inappropriate
and included in the guidelines. The panel consisted of 11
international experts on skeletal dysplasia comprising 6

pediatric orthopedic surgeons, 4 medical geneticists, and 1
pediatric radiologist.

RESULTS
In round 1, the panel agreed on 12 of 26 statements (Table 1).
Statements not reaching 80% agreement are listed in Table 2.
During the face-to-face meeting, the list was modified into
24 statements and rated again (round 2), where 22 statements
reached ≥80% consensus (Tables 3) and 2 statements did not
(Table 4).
The Delphi process substantially increased consensus

for modified statements and a list of 22 best practice
guidelines was generated (Table 3 and Discussion). After
review of results, all participants agreed to support its
publication.

DISCUSSION
1. Type II collagen disorders present with a wide range of
phenotypic variability
The phenotypic spectrum caused by variants in type II
collagen is wide, and a high index of suspicion is required if
these conditions are to be recognized and managed. Type II
collagen is present in the developing cartilage anlagen and is
essential for endochondral ossification. Abnormalities of
type II collagen result in a spectrum of autosomal dominant
skeletal dysplasias that can present to a wide variety of
health-care professionals.1 These range from perinatally
lethal conditions with significant long bone shortening and
a small chest to relatively mild entities that may be apparent

Table 1 First round statements with ≥80% agreement

Strongly

agree

Agree Neutral Disagree Strongly

disagree

1. Type II collagen disorders present with a wide range of phenotypic

variability

10 (90.9%) 1 (9.1%) 0 0 0

2. Commonly recognized phenotypes of type II collagen disorders include

spondyloepiphyseal dysplasia congenita, Kniest dysplasia, Stickler syndrome

type I, hypochondrogenesis, achondrogenesis type II

7 (63.6%) 4 (36.4%) 0 0 0

3. Diagnostic clues to type II collagen disorders include disproportionate short

stature, radiographic spondyloepiphyseal dysplasia, palate abnormalites,

myopia, and hearing loss

6 (54.5%) 4 (36.4%) 1 (9.1%) 0 0

4. Type II collagen disorders can present in the prenatal period with lack of

ossification of the skeleton

6 (54.5%) 4 (36.4%) 0 0 1 (9.1%)

6. Neonates who present with Robin sequence should have detailed eye and

audiological examination, looking for features of Stickler syndrome

5 (45.5%) 5 (45.5%) 0 1 (9.1%) 0

7. Children with type II collagen disorders may have average stature (Stickler,

Czech)

5 (45.5%) 6 (54.5%) 0 0 0

11. Routine monitoring by an ophthalmologist is recommended 6 (54.5%) 4 (36.4%) 1 (9.1%) 0 0

12. Retinal detachment is common in type II collagen disorders 5 (45.5%) 4 (36.4%) 1 (9.1%) 1 (9.1%) 0

13. Myopia is a common feature of type II collagen disorders 7 (63.6%) 4 (36.4%) 0 0 0

16. Routine monitoring for cervical instability with flexion–extension

radiographs should be performed

7 (63.6%) 4 (36.4%) 0 0 0

18. Routine monitoring for hearing loss is recommended 5 (45.5%) 5 (45.5%) 0 1 (9.1%) 0

20. Precocious arthritis is common in patients with type II collagen disorders 5 (45.5%) 5 (45.5%) 0 1 (9.1%) 0
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only in later childhood and adulthood.10,11 These conditions
are hallmarked by disproportionate short stature, eye
abnormalities that can predispose to retinal detachment
and blindness, cleft palate with jaw hypoplasia (Pierre Robin
sequence [PRS]), and hearing loss. Some type II collagen
(COL2A1) disorders may manifest as premature degenera-
tive joint disease in the absence of other typical phenotypic
clues and mimic osteoarthritis.10

The importance of accurate diagnosis of a COL2A1-
related bone disorder is the subsequent ability to
accurately assess recurrence risks and offer information
regarding disease natural history. It enables at-risk indivi-
duals to be identified for implementation of emerging
preventive strategies (such as prophylactic retinopexy to
mitigate the incidence of retinal detachment) and early
ameliorative management. Such interventions can translate
to a reduction in personal and public health burdens
associated with these musculoskeletal diseases. The pre-
valence figure for type II collagenopathies as a group is not
known but Stickler syndrome, the most common, is
estimated at 1/10,000 (ref. 12).

2. Recognized skeletal phenotypes of type II collagen
disorders include (from most to least severe):
achondrogenesis type II, hypochondrogenesis, Kniest
dysplasia, spondyloepiphyseal dysplasia congenita (SEDC),

Stickler syndrome type I, and mild SED with premature
arthrosis
Achondrogenesis type II, the most severe, is antenatally lethal,
associated with severe deficiency of ossification and extreme
skeletal dysplasia resulting in micromelia, narrow chest with
pulmonary hypoplasia, and PRS. Hypochondrogenesis has
similar phenotype, with less severe skeletal involvement and is
usually lethal. Kniest dysplasia represents the most severe type
II collagen disorder resulting in live birth. The skeletal
features are more severe than spondyloepiphyseal dysplasia
congenita (SEDC), with more pronounced abnormalities of
bone modeling and vertebral clefting, absence of significant
brachydactyly, and long-term joint problems, although there
can be wide phenotypic variability. Respiratory complications,
such as tracheolaryngomalacia, are also observed in these two
conditions, as is PRS, which is also a characteristic feature of
type I Stickler syndrome, where stature is normal and

Table 2 First round statements with <80% agreement

Strongly agree Agree Neutral Disagree Strongly disagree

5. In the neonate, coronal vertebral clefting and coronal clefting of the

foramen magnum is highly specific for type II collagen disorders

1 (9.1%) 6 (54.5%) 1 (9.1%) 3 (27.3%) 0

8. Human growth hormone supplementation is appropriate for

children with type II collagen disorders

0 0 3 (27.3%) 4 (36.4%) 4 (36.4%)

9. Routine cardiac evaluation and surveillance should be pursued in all

patients with type II collagen disorders

1 (9.1%) 2 (18.2%) 3 (27.3%) 4 (36.4%) 1 (9.1%)

10. The incidence of significant respiratory disease is higher in

individuals with type II collagen disorders, especially those with SEDC

2 (18.2%) 6 (54.5%) 2 (18.2%) 1 (9.1%) 0

14. Patients with Stickler syndrome and confirmed COL2A1 variant

should have prophylactic retinopexy

0 3 (27.3%) 6 (54.5%) 2 (18.2%) 0

15. Cervical instability is common in SEDC, often requiring surgical

intervention

6 (54.5%) 2 (18.2%) 0 3 (27.3%) 0

17. Routine monitoring with MRI of the spine is recommended 0 2 (18.2%) 4 (36.4%) 4 (36.4%) 1 (9.1%)

19. Patients with the appearance of bilateral Legg–Calvé–Perthes

disease should be evaluated for a type II collagen disorder

2 (18.2%) 6 (54.5%) 2 (18.2%) 1 (9.1%) 0

21. Joint arthroplasty is a beneficial surgery for young adults with

precocious arthritis of the hip and knees

3 (27.3%) 3 (27.3%) 4 (36.4%) 1 (9.1%) 0

22. Coxa vara is common in children with SEDC and valgus/extension

osteotomy can improve gait

4 (36.4%) 3 (27.3%) 4 (36.4%) 0 0

23. Genu valgum is common in children with type II collagen disorders 2 (18.2%) 6 (54.5%) 1 (9.1%) 2 (18.2%) 0

24. Guided growth techniques are useful in the treatment of genu

valgum in children with type II collagen disorders

2 (18.2%) 6 (54.5%) 3 (27.3%) 0 0

25. Because stiffness in the finger joints is common in some type II

collagen disorders, and because enzyme replacement therapy is

available, testing for Morquio or other MPS may be considered

1 (9.1%) 5 (45.5%) 1 (9.1%) 4 (36.4%) 0

26. Because of the early onset of joint pain and/or marked restricted

joint ROM in type II collagen disorders, consideration of power scooters

in young children is recommended

3 (27.3%) 5 (45.5%) 0 3 (27.3%) 0

MPS mucopolysaccharidoses, MRI magnetic resonance imaging, ROM range of motion, SEDC spondyloepiphyseal dysplasia congenita.
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respiratory issues are not usually seen. Mild SED with
premature onset arthrosis is the mildest condition, with
early-onset degenerative arthritis often necessitating joint
replacement before age 50 years.13

This spectrum of severity can be explained by the level of
disruption to type II collagen fibers, normally incorporated

into a triple helical structure. Qualitative abnormalities of this
protein result in more severe phenotypes and quantitative
anomalies in the milder conditions. Mechanistically, nonsense
variants in COL2A1 gene result in haploinsufficiency through
nonsense mediated decay of the truncated protein, whereas
missense variants, typically glycine substitutions, result in full

Table 3 Second round statements with ≥80% agreement: final guidelines
Strongly
agree

Agree Neutral Disagree Strongly
disagree

1. Type II collagen disorders present with a wide range of phenotypic variability 11 (100%) 0 0 0 0
2. Recognized skeletal phenotypes of type II collagen disorders include (in order
of decreasing severity): achondrogenesis type II, hypochondrogenesis, Kniest
dysplasia, spondyloepiphyseal dysplasia congenita (SEDC), Stickler syndrome type
I, mild SED with premature onset arthrosis

11 (100%) 0 0 0 0

3. Diagnostic clues to type II collagen disorders include disproportionate short
stature, radiographic spondyloepiphyseal dysplasia, palate abnormalities, myopia,
and hearing loss

9 (81.82%) 2 (18.18%) 0 0 0

4. Type II collagen disorders can present in the prenatal period with lack of
expected ossification of the skeleton

8 (72.73%) 3 (27.27%) 0 0 0

5. In the term neonate, coronal vertebral clefting, occipital defect posterior to the
foramen magnum, absent distal femoral epiphyseal ossification, and absent
ossification of the pubis are suggestive of type II collagen disorders

8 (72.73%) 3 (27.27%) 0 0 0

7. Neonates who present with Robin sequence should have detailed eye and
audiological examination, looking for features of a type II collagen disorder, such
as Stickler syndrome

10 (90.91%) 1 (9.09%) 0 0 0

8. Children with type II collagen disorders may have average stature (Stickler,
Czech)

6 (60%) 4 (40%) 0 0 0

9. There is no evidence that human growth hormone supplementation in children
with type II collagen disorders increases final height

9 (81.82%) 2 (18.18%)

10. Routine cardiac evaluation and surveillance (i.e., EKG, echocardiogram) is not
indicated in patients with type II collagen disorders

1 (9.09%) 10 (90.91%) 0 0 0

11. Significant respiratory problems are common in individuals with type II
collagen disorders and need to be evaluated at all ages

3 (27.27%) 6 (54.55%) 1 (9.09%) 1(9.09%) 0

12. Routine evaluation and surveillance by an ophthalmologist is necessary
because the risk of retinal detachment and severe myopia are increased in type II
collagen disorders

10 (90.91%) 1 (9.09%) 0 0 0

14. Routine imaging and surveillance of the cervical spine is required in some type
II collagen disorders (e.g., SEDC and Kniest) due to increased risk for instability
and spinal cord compression. Imaging may include flexion–extension radiographs
and MRI

10 (90.91%) 1 (9.09%) 0 0 0

15. Progressive kyphoscoliosis can occur in children with type II collagen disorders
and should be clinically and radiographically monitored

7 (63.64%) 4 (36.36%) 0 0 0

16. Routine evaluation and surveillance for hearing loss is indicated in patients
with type II collagen disorders

8 (72.73%) 3 (27.27%) 0 0 0

17. Patients with type II collagen disorders may present with the appearance of
bilateral Legg–Calvé–Perthes disease

6 (54.55%) 5 (45.45%) 0 0 0

18. Patients with type II collagen disorders may present with early-onset arthritis 9 (81.82%) 2 (18.18%) 0 0 0
19. In type II collagen disorders, hip replacement can be a beneficial surgery for
adolescents and young adults with early-onset arthritis

6 (54.55%) 5 (45.45%) 0 0 0

20. In type II collagen disorders with disproportionate short stature, coxa vara and
genu valgum are frequently present

9 (81.82%) 2 (18.18%) 0 0 0

21. Valgus extension/internal rotation osteotomy can improve gait in patients
with coxa vara and type II collagen disorders

4 (36.36%) 7 (63.64%) 0 0 0

22. Guided growth techniques (if sufficient growth remains) and realignment
osteotomies are effective in the treatment of severe genu valgum in children with
type II collagen disorders

7 (63.64%) 3 (27.27%) 1 (9.09%) 0 0

23. In patients with clinical or radiographic features of a type II collagen disorder,
molecular testing should be done to confirm diagnosis, allowing accurate
recurrence risk counseling, prenatal diagnosis, and appropriate treatment options
where available

7 (63.64%) 3 (27.27%) 1 (9.09%) 0 0

24. To promote socialization and independence, individuals with type II collagen
disorders should be assessed for a mobility device for community distances

3 (27.27%) 8 (72.73%) 0 0 0

EKG electrocardiogram, MRI magnetic resonance imaging.

Table 4 Second round statements with <80% agreement

Strongly agree Agree Neutral Disagree Strongly disagree

6. Hypochondrogenesis is uniformly lethal during the perinatal

period

0 3 (27.27%) 4 (36.36%) 3 (27.27%) 1 (9.09%)

13. Patients with Stickler syndrome and confirmed COL2A1

variant should be considered for prophylactic retinopexy

1 (9.09%) 7 (63.64%) 3 (27.27%) 0 0
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expression of a disordered triple helix with fundamentally
disrupted function (dominant negative mechanism).14,15

3. Diagnostic clues to type II collagen disorders include
disproportionate short stature, radiographic
spondyloepiphyseal dysplasia, palate abnormalities,
myopia, and hearing loss
Type II collagen is present in the skeleton, eyes, orofacial
structures, and auditory system.14 Key clinical features that
point to a possible underlying type II collagen disorder
include a small jaw, cleft palate, flat midface, visual or hearing
impairment, and variable radiographic changes. A complete
skeletal survey is essential for the diagnosis of most type II
collagenopathies. These conditions should be considered in
the differential diagnosis of individuals presenting with
radiographic evidence of vertebral body and epiphyseal
dysplasia, especially when accompanied by ocular, orofacial,
and auditory problems. The typical skeletal dysplasia
phenotype is marked by platyspondyly, irregular epiphyses,
premature joint deterioration, joint laxity, and short trunk. In
the eye, there is myopia and congenital vitreal anomalies
predisposing to retinal detachment. Midface hypoplasia and
cleft palate defects (including soft ± hard palate, bifid, short
uvula) and conductive and sensorineural hearing loss are
other key clinical features. A type II collagen disorder could
also underlie patients presenting with “isolated” PRS and
should be considered.

4. Type II collagen disorders can present in the prenatal
period with lack of expected ossification of the skeleton
The most severe forms of type II collagen disorders are
characterized by poor ossification of the axial skeleton in the
prenatal period. In addition to very short tubular bones and
short ribs, patients with achondrogenesis type II have absent
or severely retarded ossification of the vertebral bodies and
absent ossification of the sacrum. Iliac bones are small with
crescent-shaped inner and inferior margins, and pubic and
ischial bones have absent or severely delayed ossification.16

These children are usually delivered prematurely, either
stillborn or dying within a few hours. In the slightly milder
but also predominantly lethal hypochondrogenesis, vertebral
bodies are small and ovoid, and unossified in the cervical
region. Pubic bones are unossified and the ilia are hypoplastic.
Short and relatively broad long bones are also seen.17 Most
patients are born alive with subsequent demise from
cardiorespiratory failure in the first few days to 3 months
of life.
Mild to moderate type II collagen disorders can have less

specific prenatal imaging features on ultrasound and
magnetic resonance imaging (MRI). The moderately severe
SEDC causes short extremities (less than 5th percentile)
and delayed ossification of the spine, knee epiphyses, and
pubic bones, creating a challenge to prenatal ultrasound
diagnosis.18

Radiographic features of Stickler syndrome type I occur
largely in childhood and beyond, however, micrognathia, cleft

palate, and polyhydramnios on prenatal ultrasound have been
reported in Stickler syndrome by Soulier et al.19

5. In the term neonate, coronal vertebral clefting, occipital
defect posterior to the foramen magnum, absent distal
femoral epiphyseal ossification, and absent ossification of
the pubis are suggestive of type II collagen disorders
Coronal clefting is a vertical radiographic lucency within a
vertebral body on lateral radiograph. Type II collagen
disorders that demonstrate coronal clefting include Kniest
dysplasia and Stickler syndrome. It is usually not seen in
SEDC.20,21 Other skeletal dysplasias can display this finding
including chondrodysplasia punctata, Desbuquois dysplasia,
metatropic dysplasia, and Larsen syndrome.22

Although not reported in the literature, it is our collective
experience that a focal radiolucency/defect in the inferior
occiput posterior to the foramen magnum is often seen on
lateral radiographs of the skull in neonates with type II
collagen disorders such as SEDC, likely reflecting abnormal
endochondral ossification.
Distal femoral and proximal tibial epiphyseal ossification

centers should be visualized on radiographs in a term
neonate.23 Type II collagen disorders including achondro-
genesis type II, hypochondrogenesis, Kniest dysplasia, and
SEDC are characterized by delayed epiphyseal ossification,
and this feature is absent in the mildest type II collagen
disorders.
Absent pubic ossification is seen in lethal and moderately

severe type II collagen disorders, and absent ossification of the
sacrum and ischial bones may also be seen.
The diagnosis of type II collagen disorder should be

considered with any combination of these radiographic
findings, particularly in the setting of short long bones, short
trunk, or other key clinical features.

6. Hypochondrogenesis is uniformly lethal during the
perinatal period (nonconsensus)
There was nonconsensus on this statement, likely due to the
imprecise nature of the term “hypochondrogenesis,” first
described in 1983 by Maroteaux et al.24 The original case
series highlighted four cases with the radiographic and
clinical features as described in section 4. One of the four
survived the infant period and was reclassified as having
“SEDC,” creating the arbitrary distinction between hypo-
chondrogenesis and SEDC based solely on survival.24,25 It is
evident from its original description (and our personal
experiences) that patients with radiographic features of
hypochondrogenesis can survive. Whether they should be
reclassified as SEDC, based solely on their survival, was not
agreed upon.

7. Neonates who present with PRS should have detailed
eye and audiological examination, looking for features of a
type II collagen disorder, such as Stickler syndrome
PRS is a common craniofacial anomaly characterized
by micrognathia, glossoptosis, and airway obstruction. A
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U-shaped cleft palate is often present. PRS may be isolated
or part of a syndrome with other anomalies. Stickler
syndrome type I is the most commonly associated
condition and should be considered.26,27 A retrospective
study of 115 patients with PRS revealed 21 (18.3%) had
Stickler syndrome as the underlying cause.28

8. Children with type II collagen disorders may have
average stature
Type II collagenopathies that present with average stature
include Czech dysplasia, Stickler syndrome, and mild SED
with premature arthrosis. When patients lack dwarfism and
have milder or absent limb and spine deformity, the diagnosis
of a type II collagenopathy is challenging. These average-
statured patients may however display typical associated
nonskeletal comorbidities of hearing loss, myopia with the
risk of retinal detachment, palatal defects, and joint pain, with
a radiographic appearance of precocious or inflammatory
arthritis.

9. There is no evidence that human growth hormone (hGH)
supplementation in children with type II collagen disorders
increases final height
There was consensus that there is no evidence to support the
use of hGH supplementation in children with type II
collagenopathies. A study by Kanazawa et al.29 demonstrated
no change in height or height velocity in two individuals with
SED treated over a year.

10. Routine cardiac evaluation and surveillance (i.e., EKG,
echocardiogram) is not indicated in patients with type II
collagen disorders
There is no evidence that the incidence of congenital or
acquired cardiac disease in patients with type II collagen
disorders is increased compared with the general population.
Mitral valve prolapse was reported to be more common in
patients with Sticker syndrome,30 prompting recommenda-
tions for routine echocardiography. A large study of patients
with molecularly confirmed Stickler syndrome31 showed no
increase of mitral valve prolapse or other cardiac abnormal-
ities. We do not recommend routine cardiac evaluation or
surveillance of patients with type II collagen disorders, unless
otherwise indicated.

11. Significant respiratory problems are common in
individuals with type II collagen disorders and need to be
evaluated at all ages
There was agreement that significant respiratory problems
are common in type II collagen disorders. Manifestations of
type II collagen abnormalities are seen throughout the
respiratory system, including the midface and oropharynx,
airways, lung parenchyma, and thorax.31,32 In general, the
younger the presentation of a patient with a type II collagen
disorder, the more likely that respiratory issue will be
observed. In Terhal et al.’s series of 93 individuals with a
type II collagen disorder, 26% had respiratory difficulties in

the neonatal period including 8 with complications result-
ing from PRS. Other concerns in the more severely affected
individuals include small chest, pulmonary hypoplasia,
tracheobronchomalacia, and central apnea due to cervical
instability.31

As infants grow, the development of kyphoscoliosis can
impact respiratory function. Ongoing assessment and man-
agement of these issues is important and likely to require
multiple specialists. Assessments may include physical
examination, pulse oximetry, bronchoscopy, spirometry, sleep
studies, and chest imaging. Treatment may include surgery
for PRS, tracheostomy and mechanical ventilation, contin-
uous positive airway pressure (CPAP), supplemental oxygen,
bronchodilators, and prophylactic influenza and pneumococ-
cal immunizations.
In adults with type II collagen conditions and short stature,

sleep disordered breathing may be present. Sequelae of cleft
palate repair may contribute to obstructive sleep apnea
originating from the pharyngeal segment of the respiratory
tree while tracheobronchomalacia may compromise subglottal
airway patency (common in infancy/childhood).32 An
unrecognized, unstable cervical spine may manifest as central
sleep apnea. Sleep disordered breathing can be diagnosed with
an overnight sleep study. Inclusion of end tidal CO2 and
continuous pulse oximetry monitoring during the sleep study
may demonstrate decreased pulmonary reserve.33 Depending
on the severity of the spine involvement, the chest and lung
volume may be small and further compromised by kyphosis
and/or scoliosis.
Respiratory health in adults with a type II collagen

condition with short stature is complex and requires the
expertise of an adult pulmonologist to assess the extent and
severity of pulmonary disease and direct treatment. Regular,
lifetime follow up with a pulmonary physician, plus
monitoring physical activity and lung capacity, is important
to decrease morbidity and mortality. There is limited medical
literature addressing pulmonary status of adults with average
stature type II collagen conditions, but our experience
suggests there are fewer issues with this cohort.

12. Routine evaluation and surveillance by an
ophthalmologist is necessary because the risk of retinal
detachment and severe myopia is increased in type II
collagen disorders
Type II collagen is an important component of ocular
vitreous humor and these disorders may show various eye
abnormalities including myopia, vitreal changes, retinal
detachment, lens subluxation, cataracts, and blindness.34–39

Depending on the location of the variant, there can be a
high incidence of childhood retinal detachment and
blindness. Variants in exon 2 of COL2A1 show extremely
high rates, with 90% of patients manifesting significant eye
disease by age 20 in one series.35 Stickler syndrome type I
patients display myopia, vitreous degeneration, a high
incidence of retinal detachment and retinal degeneration,
foveal hypoplasia,40 posterior chorioretinal atrophy, and
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vitreoretinal degeneration.40 Patients with Kniest dysplasia
display myopia, lens subluxations, retinal detachment, and
other vitreal abnormalities.36

In type II collagen disorders, consensus was reached that an
ophthalmologist should be involved at initial diagnosis and
for ongoing surveillance due to the high incidence of serious
eye problems. It is recommended such patients have a dilated
exam with an expert ophthalmologist familiar with the range
of issues and treatment options. New treatment options exist
and are best offered before end-stage disease and/or
blindness.41–43

13. Patients with Stickler syndrome and confirmed COL2A1
variant should be considered for prophylactic retinopexy
(nonconsensus)
Almost all Stickler syndrome type I patients have ocular
abnormalities and over half have retinal detachment.44

Without surgical treatment, patients have a poor natural
history with many progressing to blindness. From 1986 to
2003 one center found a complete retinal reattachment rate of
78.6% for all types of surgery in 30 eyes with improved visual
acuity;42 another center had 100% reattachment in 16 eyes but
noted need for multiple surgeries.45 Late presentation/poorer
presenting visual acuity were associated with inferior long-
term outcomes/poor visual acuity in both series, and recently
prophylactic surgical intervention in Stickler syndrome has
shown better outcomes.
In a series of 487 Stickler patients, comparisons were made

between Cambridge prophylactic cryotherapy protocol treated
eyes (293) and observed eyes (194) over 36 years. The therapy
itself had no long-term complications and had a 9%
postsurgical detachment rate over time, while in the observed
group over half had retinal detachment (53.6%), the majority
occurring between 10 and 30 years.42

A review of current prophylactic retinal therapy protocols
in Stickler patients identified 360-degree cryotherapy and
laser treatment as effective prophylactic retinopexy treatments
with significant treatment effect compared with observation
with no complications and high durability over time.46 In
another series of 204 type I Stickler patients, observed eyes
had 78% retinal detachment while prophylactic cryotherapy
type retinopexy had a postsurgical detachment rate of 8% in
bilaterally treated eyes and 10% in unilaterally treated eyes.47

We were unable to come to consensus on the recommenda-
tion for prophylactic retinopexy for individuals with type II
collagen disorders. Nonetheless, there is literature to support
its use, particularly in Stickler syndrome type I, as many
children and adults present late with blindness or poor visual
acuity persisting despite modern reattachment therapies. We
recommend that patients with confirmed Stickler syndrome
and COL2A1 variant be referred to a center that can offer
prophylactic retinopexy. Disagreement in the group centered
on whether this should be a routine procedure in all patients
with Stickler syndrome type I, and is the reason why
consensus for this recommendation was not reached (see
Table 4).

14. Routine imaging and surveillance of the cervical spine is
required in some type II collagen disorders (e.g., SEDC and
Kniest) due to increased risk for instability and spinal cord
compression. Imaging may include flexion–extension
radiographs and MRI
Atlanto-axial instability with myelopathy can be seen in
patients with severe SEDC, with incidence estimates varying
between studies, and ranging from 28% to 43% (refs. 31,48). We
recommend routine flexion/extension radiographs of the
cervical spine in all patients with or without symptoms in
these more severe phenotypes (i.e., SEDC/Kniest). If there is
no instability, reassess in 2–3 years, or if symptomatic. If there
is instability with narrowing of the space available for the cord
(SAC), an MRI of the cervical spine should be obtained in
flexion and extension. In young children, delayed ossification
in the upper cervical spine may limit the interpretation of the
radiographs and an MRI in flexion and extension is warranted.
If the MRI demonstrates mild instability, defined as less

than or equal to 5 mm of motion and a space available for the
cord greater than 10 mm, no myelomalacia, and an absence of
symptoms, careful surveillance yearly is warranted. If there is
cord compression, with or without myelomalacia, surgical
intervention is recommended.

15. Progressive kyphoscoliosis can occur in children with
type II collagen disorders and should be clinically and
radiographically monitored
Kyphoscoliosis is common, often progressive, and can present
in the early years of life. Serial radiographs (done standing)
every 6 months should be done in children with progressive
scoliosis. In small curves that are not progressing, yearly follow
up is recommended. Progressive kyphoscoliosis may result in
cord compression with upper motor neuron signs and bladder
or bowel dysfunction. In those children with symptoms or
signs of spinal cord compression, an entire spine MRI should
be done. In addition, prior to any lower extremity surgery in
children with kyphoscoliosis, an MRI should be done and
spinal cord monitoring considered. Spinal cord injury has been
reported in these children after extremity surgery.49

Treatment of kyphoscoliosis is typically a brace for mild
curves and, if progressive, serial spine casting can be
considered. Severe progressive kyphoscoliosis in a growing
child should be treated with a growing rod system with final
instrumentation and fusion when skeletally mature.

16. Routine evaluation and surveillance for hearing loss is
indicated in patients with type II collagen disorders
Hearing loss is a feature of Kniest dysplasia, SEDC, and
Stickler syndrome type I. Deafness can be sensorineural,
conductive, or mixed. In Stickler syndrome, hearing loss is
observed in 60% of cases.50–52 Deafness was observed in 75%
of cases in an early description of Kniest dysplasia.53 In a
series of 93 individuals with SEDC, 37% were reported to have
hearing loss.31 Because of the possibility of conductive hearing
loss occurring in type II collagen disorders, hearing assess-
ment at diagnosis and ongoing monitoring is indicated.
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17. Patients with type II collagen disorders may present
with the appearance of bilateral Legg–Calvé–Perthes
disease (LCPD)
Various hip pathologies are observed in patients with type II
collagen disorders. It is common that femoral head ossifica-
tion is severely delayed in these children. Once apparent, it
appears small, stippled, and irregular in many patients. These
epiphyses should normally become visualized radiographi-
cally at age 4–10 months.
Legg–Calvé–Perthes disease (LCPD) is juvenile idiopathic

osteonecrosis of the femoral head. It commences with
spontaneous onset of limping, pain, and/or limitation of hip
joint motion, most commonly at ages 4 to 8 years. It goes
through avascular, resorption/fragmentation, and reossifica-
tion stages, resulting in sequelae of various extent.54 The plain
radiographic finding of irregular ossification of the femoral
head in type II collagen disorders resembles that of the
resorption/fragmentation stage of LCPD. This appearance is
bilateral, symmetrical, and minimally progressive. It is
sometimes confused with bilateral LCPD. Some other skeletal
dysplasias involving the long bone epiphyses share the same
problem of misdiagnosis of bilateral LCPD, including multiple
epiphyseal dysplasia, pseudoachondroplasia, and the muco-
polysaccharidoses.55–57

LCPD is bilaterally involved in only 10–15% cases, but the
bilateral involvement is classically asynchronous, showing
femoral heads in different stages of disease. Synchronous
involvement of both hips with symmetrical findings favors
diagnosis of a skeletal dysplasia rather than LCPD. While the
femoral heads are never normally ossified in type II
collagenopathy, LCPD is a progressive disease process
affecting a well-ossified femoral head. Review of serial plain
radiographs, if available, is an important exercise in determin-
ing this difference. LCPD usually manifests with hip pain,
limitation of motion, or limp, whereas a type II collagenopathy
does not usually have any clinical symptoms or signs in
children. The avascular stage of LCPD can be well documented
on MRI or bone scintigraphy and such studies for a type II
collagenopathy would not reveal such findings.
It should be noted when seeing a patient with a type II

collagenopathy, most commonly Stickler syndrome, that the
femoral head may undergo genuine osteonecrosis. In this
situation patients benefit from the therapeutic interventions
applied to LCPD, such as rest, range of joint motion exercises,
pain medication, and physiotherapy. Several specific COL2A1
variants have been reported in association with familial
osteonecrosis of the femoral head in East Asia; however,
screening for COL2A1 variants in 49 cases of idiopathic
osteonecrosis of the femoral head failed to identify any
patients with a COL2A1 variant.58

18. Patients with type II collagen disorders may present
with early-onset arthritis
Type II collagen is the primary structural component of the
cartilage epiphysis and articular cartilage. Even if a defect of
type II collagen does not interfere with endochondral

ossification at the femoral head, it may still interfere with
metabolism of the articular cartilage, affecting its durability
and integrity.
Joint pain and limitation of motion to a various extent is

common in patients with type II collagenopathy, before
advancement to end-stage joint destruction. Symptoms
maybe intermittent, progressive, spontaneous, or associated
with strenuous physical activity. Weight-bearing joints such
as the hip and knee are frequently affected with this
morbidity. Although it is frequently referred to as “early-
onset osteoarthritis,” the pathologic process in the beginning
may not be a genuine inflammatory reaction because it rarely
presents with joint swelling, local heat or elevation of acute
phase reactants. The symptoms and signs in this phase may be
caused by structural weakness and lack of integrity of articular
cartilage, or by joint incongruity from the deformed epiphysis.
There have been several reports of type II collagenopathy

presenting with premature osteoarthritis.13,14,58,59 The sub-
jects showed well-ossified femoral heads, but suffered from
progressive joint pain and limitation of motion at the hip and
knee joints. The joint space on plain radiographs becomes
narrower as the articular cartilage degenerates and thins out.
Some patients became unable to bear weight and became
wheelchair-bound.

19. In type II collagen disorders, hip replacement can be a
beneficial surgery for adolescents and young adults with
early-onset arthritis
As previously outlined, premature arthritis is common in type
II collagen disorders, resulting from a combination of
articular cartilage dysfunction, hypermobility, and the peri-
articular degeneration associated with epiphyseal dysplasia.11

Aside from overt arthritis, Rose et al. found that 79% of
adults with Stickler syndrome reported hip pain and one-fifth
of adults were medically disabled from musculoskeletal pain.12

One-third of the adult patients had osteoarthritis of the hip as
defined by radiographic changes in conjunction with their hip
pain. Further analysis revealed hip osteoarthritis in 7 of 10
Stickler syndrome patients older than age 50 and 34% of all
skeletally mature patients, which are much greater than the
general population. In a subset of patients who developed
pediatric hip disease (6 of 38), all developed hip pain as adults.
Three have had total joint arthroplasty at ages 15, 26, and 29,
and two more, aged 18 and 37, were planning to undergo
arthroplasty. Joint arthroplasty is clearly a viable option in
young adults and adolescents with type II collagenopathy
associated precocious arthritis. The comorbidities, anatomic
constraints, and perioperative issues seen in these patients
need to be thoroughly considered prior to proceeding.8

20. In type II collagen disorders with disproportionate short
stature, coxa vara and genu valgum are frequently present
Hip involvement in type II collagen disorders is very common
with the typical deformity being coxa vara. The coxa vara is
typically associated with limited hip abduction, hip flexion
contractures, and external rotation contractures. This has an
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impact on gait and typically these children have a Trendelen-
burg gait, which becomes worse with fatigue. Progressive
deformities are common and typically there is severe hip
osteoarthritis by the 3rd or 4th decade.
Genu valgum is very common but knee alignment can be

normal or rarely in varum. Knee realignment procedures (e.g.,
for recurrent genu valgum) will fail unless done in conjunc-
tion with hip realignment.

21. Valgus extension/internal rotation osteotomy can
improve gait in patients with coxa vara and type II collagen
disorders
There are very few studies that report the treatment of coxa
vara in type II collagenopathies.60,61 All have been case series
studies. A 2008 report using a hip support osteotomy with an
external fixator reported improvements in hip pain, waddling
gait, hip range of motion, and the Harris hip score.61 In a
more recent article in 2017, valgus extension/internal rotation
osteotomy was achieved with a femoral blade plate. This was
an effective treatment that improved postoperative hip pain
and hip range of motion as well as improved lumbar lordosis
with a low recurrence rate.62

22. Guided growth techniques (if sufficient growth
remains) and realignment osteotomies are effective in the
treatment of severe genu valgum in children with type II
collagen disorders
Guided growth techniques were considered to be appro-
priate in skeletally immature patients with type II collagen
disorders. Correction of both varus and valgus deformity
has been reported in many skeletal dysplasias, however
there are no studies specific to type II collagen disorders.
Yilmaz et al.63 did include four patients with SED, two with
Kniest and one with Stickler syndrome. In this subset all but
one patient demonstrated improvement in the mechanical
axis deviation. For the 29 patients with skeletal dysplasia
included, four patients with valgus and 3 patients with varus
deformity did not benefit from the procedure. Three of
these were over age 13 years. One 14-year-old girl with
valgus deformity in her tibia had previous staple application
on the same growth plate 3 years prior. One of the
failures was in a patient with SED, age 14 years. The
deformity recurrence risk in type II collagen disorders is not
known.

23. In patients with clinical or radiographic features of a
type II collagen disorder, molecular testing should be done
to confirm diagnosis, allowing accurate recurrence risk
counseling, prenatal diagnosis, and appropriate treatment
options where available
If the characteristic features of a type II collagen disorder are
recognized in a patient, molecular testing of COL2A1 should
be pursued. Identification of a specific COL2A1 variant may
improve anticipatory guidance, provide prenatal testing
options, identify clinically unsuspected parents of clearly
affected children via somatic mosaicism, and allow for

accurate genetic counseling. Identification of the genetic
etiology of the pleotropic manifestations of a type II collagen
condition gives reassurance to the patient and provider that
this is the cause of their clinical features, and that other
genetic conditions with additional potential medical compli-
cations need not be considered further.
Variants in the COL2A1 gene are inherited in an autosomal

dominant fashion with complete penetrance. If an affected
individual wants to reduce his/her 50% risk of passing their
type II collagen disorder on to each offspring, a variety of
prenatal testing options are available to that person if their
specific COL2A1 variant has been identified.
Somatic mosaicism for COL2A1 variants is well recognized

in the medical literature to occur in 6–10% of parents of
children with apparent germline mutations in this gene.31,64,65

Often the parent with somatic mosaicism has only subtle
features to suggest a type II collagen disorder because of the
reduced mutational burden in their body systems. A type II
collagen disorder is considered only after their child, with an
inherited germline variant in COL2A1, presents with more
severe clinical features to suggest a classic type II collageno-
pathy. With confirmation of somatic mosaicism in a family,
recurrence risk for the mosaic parent is modified to up to 50%
for each offspring instead of assuming their affected child
represented a spontaneous variant in COL2A1 with low
recurrence risk.

24. To promote socialization and independence, individuals
with type II collagen disorders should be assessed for a
mobility device for community distances
A position paper published by the Rehabilitation Engineer-
ing and Assistive Technology Society of North America
(RESNA) provides evidence supporting the use of power
wheelchairs in children.66 Independent mobility positively
affects many areas of typical development, including
acquisition of social, emotional, cognitive, and perceptual
skills. While power wheelchairs are commonly introduced
to children with neuromuscular diseases, such as muscular
dystrophy and spinal cord injury, the principle of early
power chair use is applicable to genetic, metabolic, and
syndrome disorders that compromise community participa-
tion.67 The loss of independent mobility, becoming unable
to keep up with peers, or being challenged to travel
distances quickly with minimal energy expenditure,
adversely affect self-confidence and social maturation. A
child’s ability to drive a motorized wheelchair, scooter, or
Segway is not related to chronologic age but to cognitive
readiness, and children with type II collagenopathies are not
intellectually impaired. We recommend that the clinical
team consider introducing power wheelchairs to those with
type II collagen skeletal dysplasias complicated by pre-
cocious arthritis, joint pain, and lower limb deformity that
is limiting ambulation. Concurrent with implementation of
adaptive equipment, it is essential to encourage as much
physical activity as possible to avoid a sedentary lifestyle
and obesity.
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Conclusion
Individuals with type II collagen disorders can present with
myriad clinical features that require a rigorous approach with
regard to their accurate diagnosis and subsequent successful
multidisciplinary management. These consensus-based,
expert best practice guidelines have been developed to assist
clinicians to better understand, diagnose, and manage these
conditions, to minimize associated health risks and improve
clinical outcomes for their patients.
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