Evidence Table 2. Studies Evaluating Short Stature Secondary to Skeletal Dysplasia

Part I

	Author, Year
	Demographics
	Inclusion Criteria
	Exclusion Criteria
	Disease / Condition
Type
	Study Design

Mean Duration (Range)

	
	
	
	
	
	

	Alston

1983


	Location: UK

Setting: Brittle Bone Society, Health Authorities

Mean age: ND

Age range: 5-16 y

Mean height: ND

Male: ND

Race: ND

Enrolled: 40 (40 controls)

Evaluated: 40 (40)

Number of sites: ND
	Cases - Osteogenesis imperfecta

Controls - Same school class or neighborhood as cases, matched for age, sex and social class
	None reported
	Osteogenesis imperfecta
	Prospective cross-sectional cohort

	
	
	
	
	
	

	Apajasalo

1998

98163312
	Location: Finland

Setting: Clinic

Mean age: ND

Age range: 12-15 y

Mean height: ND

Male: 42%

Race: ND

Enrolled: 21 (239 controls)

Evaluated: 19 (239)

Number of sites: 1
	Cases - Diagnosis of skeletal dysplasia
Age 12-15 y

Controls – Age-matched Helsinki elementary school pupils who completed the HRQOL questionnaire
Age 12-15 y
	Cases – Incomplete questionnaires
	Skeletal dysplasia
Achondroplasia
Cartilage hair hypoplasia
Diastrophic dysplasia
	Prospective cross-sectional

	
	
	
	
	
	

	Bailey

1971

72080259
	Location: US

Setting: Clinic

Mean age: ND

Age range: 3 days - 72 y

Mean height: ND

Male: 51%

Race: ND

Enrolled: ND

Evaluated: 41 (no data on number < 21 y)

Number of sites: 1
	Diagnosis of achondroplasia
	None reported
	Achondroplasia
	Retrospective cross-sectional

	
	
	
	
	
	

	Benson

1978

79027354
	Location: US

Setting: Shriner’s Hospital

Mean age: ND

Initial age range: 1 mo - 16 y

Mean height: ND

Male: 44%

Race: White 94%; Black 6%

Enrolled: 143

Evaluated: 126

Number of sites: 1
	Diagnosis of osteogenesis imperfecta from 1924 to 1974
	Spine X-ray films not available
	Osteogenesis imperfecta
	Retrospective longitudinal case series

(Mean [Range] 5 [0-17] y)

	
	
	
	
	
	

	Bleck

1981

82026195
	Location: US

Setting: ND

Initial mean age: 9y

Follow-up mean age: 13 y

Initial age range: 3 mo - 21 y

Follow-up age range: 4-26 y

Mean height: ND

Male: ND

Race: ND

Enrolled: 30

Evaluated: 24

Number of sites: ND
	Diagnosis of osteogenesis imperfecta: congenita or tarda
	Death

Too young to enable a satisfactory follow-up

Moved out of the state
	Osteogenesis imperfecta
	Prospective longitudinal cohort 

(Mean [Range] 4 [1-15] y)

	
	
	
	
	
	

	Brinkmann

1993

94091382
	Location: Germany

Setting: Clinic

Mean age: 9 y

Age range: ND

Mean height: ND

Male: 47%%

Race: ND

SES: Primarily middle-class

Enrolled: 30 (90 controls)

Evaluated: 30 (90)

Number of sites: 1
	Cases - Clinical and radiographic diagnosis of achondroplasia

Controls - Closest sibling; Other causes of short stature
Matched for age, sex and SES
Normal height children, matched for age, sex and SES
	None reported
	Achondroplasia
	Prospective cross-sectional

	
	
	
	
	
	

	Cox

1982

83016754
	Location: US

Setting: Dept of Communicative Disorders

Mean age: 10 y

Age range: 4-17 y

Mean height: ND

Male: 53%

Race: ND

Enrolled: 30

Evaluated: 30 (15 met criteria for current review)

Number of sites: 1
	Medically diagnosed osteogenesis imperfecta, types I, III or IV
	History of head injury

Prior surgery

Treatment for ear disease

Noise exposure

(For current review, excluded those age ( 18 y)
	Osteogenesis imperfecta
	Prospective cross-sectional cohort

	
	
	
	
	
	

	Daly

1996

96219608
	Location: UK

Setting: Osteogenesis imperfecta clinic

Mean age: 7.4 y

Age range: 3.5-16.3 y

Mean height: ND

Male: 49%

Race: ND

Enrolled: 59

Evaluated: 51

Number of sites: 1
	Patients registered at OI clinic who had been recently seen
	No reply to the questionnaire
	Osteogenesis imperfecta
	Prospective cross-sectional cohort

	
	
	
	
	
	

	Engelbert

1997

Possible overlap with Engelbert 1998, Engelbert 1999

Engelbert

2000

Engelbert 2001
	Location: Netherlands

Setting: Children’s hospital

Mean age:
Type I OI: 7.3(3.5 y
Type III OI: 6.5(2.9 y
Type IV OI: 9.1(5.0  y

Age range:
Type I OI: 2-16 y
Type III OI: 2-12 y
Type IV OI: 1-17  y

Mean height: ND

Male: 54%

Race: ND

Enrolled: 68

Evaluated: 61

Number of sites: 1
	Diagnosis of osteogenesis imperfecta

Visit source hospital ≥ 1 per year
	Parents declined to participate
	Osteogenesis imperfecta
	Prospective cross-sectional cohort

	
	
	
	
	
	

	Engelbert

1998

98366964

Possible overlap with Engelbert 1997, Engelbert 1999

Engelbert

2000

Engelbert 2001
	Location: Netherlands

Setting: Children’s hospital

Mean age: 8 y

Age range: 1-15 y

Mean height, SDS:
Type I OI –1.6(1.3
Type III OI –8.0(2.0
Type IV OI –2.8(1.7

Male: 47%

Race: ND

Enrolled: 47

Evaluated: 47

Number of sites: 1
	Children with osteogenesis imperfecta who regularly attended a referral center
	None reported
	Osteogenesis imperfecta
	Prospective cross-sectional cohort

	
	
	
	
	
	

	Engelbert

1999

99381568

Possible overlap with Engelbert 1997, Engelbert 1998

Engelbert

2000

Engelbert 2001
	Location: Netherlands

Setting: Children’s hospital

Mean age:

Initial: 7.3(3.8 y

Follow-up: 9.4(3.6 y

Age range:

Initial: 1-15 y

Follow-up: 3-17 y

Mean height: ND

Male: 50%

Race: ND

Enrolled: 54

Evaluated: 44

Number of sites: 1
	Diagnosis of osteogenesis imperfecta
	Intramedullary fixation surgery within 6 months

Any other disability or impairment

Parents’ refusal in follow-up

Unable to be reached

Surgical interventions in the last half year of the study
	Osteogenesis imperfecta
	Prospective longitudinal cohort

(Mean [Range] 1.2 [0.7-1.8] y)

	
	
	
	
	
	

	Engelbert

2000

20429012

Possible overlap with Engelbert 1997, Engelbert 1998

Engelbert

1999

Engelbert 2001
	Location: Netherlands

Setting: Children’s hospital

Mean age: 11.2(5.2 y
Type I OI: 10.8(5.8 y
Type III OI: 9.4(2.9 y
Type IV OI: 13(4.6  y

Age range: 1-28 y
Type I OI: 1-28 y
Type III OI: 5-15 y
Type IV OI: 4-20  y

Mean height: ND

Male: 45%

Race: ND

Enrolled: 98

Evaluated: 70

Number of sites: 1
	Diagnosis of osteogenesis imperfecta

Completed questionnaire
	Too young to expect walking
	Osteogenesis imperfecta
	Retrospective cross-sectional cohort

	
	
	
	
	
	

	Engelbert

2001

21334060

Possible overlap with Engelbert 1997, Engelbert 1998

Engelbert

1999

Engelbert 2000
	Location: Netherlands

Setting: Hospital

Mean age: 12.6(3.2 y

Age range: 8-16 y

Mean height: ND

Male: 50%

Race: ND

Enrolled: 40

Evaluated: 40

Number of sites: 1
	Diagnosis of osteogenesis imperfecta
	None reported
	Osteogenesis imperfecta
	Prospective cross-sectional cohort

	
	
	
	
	
	

	Falvo

1973

74013834
	Location: US

Setting: ND

Mean age: 13.5 y

Age range: 4-34 y

Mean height: ND

Male: 27%

Race: ND

Enrolled: ND

Evaluated: 11

Number of sites: 1
	Diagnosis of osteogenesis imperfecta
	None reported
	Osteogenesis imperfecta
	Unclear

	
	
	
	
	
	

	Fowler

1997

97356792 

Possible overlap with Pauli 1995
	Location: US

Setting: Bone dysplasia clinic

Mean age: ND

Age range: 1-60 months

Mean height: ND

Male: 48%

Race: White 88%, Black 2%, Hispanic 3%, Korean/Asian/Indian 5%

Enrolled: 93

Evaluated: 37

Number of sites: 1
	Diagnosis of achondroplasia
	None reported
	Achondroplasia
	Prospective cross-sectional

	
	
	
	
	
	

	Pauli

1995

95193803

Possible overlap with  Fowler 1997
	Location: US

Setting: Bone clinic

Mean age: ND

Age range: Infants, young children

Mean height: ND

Male: 52%

Race: White 85%; Black 3%; Hispanic 4%; Korean 7%; Asian Indian 1%

Enrolled: 75

Evaluated: 75

Number of sites: 1
	Clinical diagnosis of achondroplasia
	None reported
	Achondroplasia
	Prospective longitudinal (N = 53) and cross-sectional (N = 22) cohorts

(To age > 1 y)

	
	
	
	
	
	

	Hecht

1991

92152267
	Location: US

Setting: Clinic

Mean age: 15(5 mo

Age range: 8.5-26 mo

Mean height: ND

Male: 46%

Race: ND

Enrolled: 13

Evaluated: 13

Number of sites: ND
	Infants with clinical diagnosis of achondroplasia
	None reported
	Achondroplasia
	Prospective cross-sectional cohort

	
	
	
	
	
	

	Hunter

1998

98299528
	Location: Multinational

Setting: Clinic

Mean age: ND

Age range: ND

Mean height: ND

Male: 49%

Race: White 100%

Enrolled: 55 (37 controls)

Evaluated: 55 (37)

Number of sites: 6
	Cases - Diagnosis of primary skeletal dysplasia
Age < 16-18 y old (by site)

Controls - Unaffected siblings
	None reported
	Skeletal dysplasia
	Prospective cross-sectional

	
	
	
	
	
	

	Kuurila

2000

20379515
	Location: Finland

Setting: Dept of clinical genetics

Mean age: 10 y

Age range: 4-16 y

Mean height: ND

Male: 42%

Race: White

Enrolled: 60

Evaluated: 45

Number of sites: 1
	Diagnosis of osteogenesis imperfecta

Age 4-16 y
	Insufficient cooperation 

No audiometry performed

Moderate mental retardation.
	Osteogenesis imperfecta
	Prospective cross-sectional cohort

	
	
	
	
	
	

	Norimatsu

1982

82163323
	Location: Japan

Setting: Children’s Hospital

Initial mean age: ND

Follow-up mean age: 15.5 y

Initial age range: 12 d - 14 y

Follow-up age range: 4-28 y

Mean height: ND

Male: 68%

Race: (Japanese)

Enrolled: 30

Evaluated: 22

Number of sites: 1
	Osteogenesis imperfecta

Treated from 1959 to 1980

Followed by spinal x-ray
	None reported
	Osteogenesis imperfecta (congenita and tarda)
	Retrospective longitudinal case series

(Mean [Range] 7.6 [1-20] y)

	
	
	
	
	
	

	Poussa

1991

92054945
	Location: Finland

Setting: Genetics and bone clinics

Mean age: ND

Age range: 6-20 y

Mean height: ND

Male: ND

Race: White

Enrolled: 101

Evaluated: 38

Number of sites: 2
	Diagnoses of diastrophic dysplasia

Age ( 20 y
	None reported
	Diastrophic dysplasia
	Prospective longitudinal cohort 

13.5 y

	
	
	
	
	
	

	Reid

1988

89193370

Possible overlap with Stokes 1988
	Location: US

Setting: Genetics clinic

Mean age: ND

Age range: < 7 y

Mean height: ND

Male: ND

Race: ND

Enrolled: 62

Evaluated: 26

Number of sites: 1
	Achondroplasia

Age < 7 y

Seen in genetics clinic
	Seen only in orthopedics clinic (not in genetics clinic)
	Achondroplasia
	Prospective longitudinal cohort

20-45 mo

	
	
	
	
	
	

	Stokes

1988

88110722

Possible overlap with Reid 1988
	Location: US

Setting: Hospital, genetics clinic, LPA convention

Mean age: ND

Age range: ND

Mean height: ND

Male: 50%

Race: ND

Enrolled: 102 (including adults)

Evaluated: 24 children

Number of sites: 1
	Achondroplasia
	Acute medical or surgical problems

Hypochondroplasia

Technically unsatisfactory spirometry

Too young to cooperate with spirometry
	Achondroplasia
	Prospective cross-sectional cohort

	
	
	
	
	
	

	Reite

1972

72182015
	Location: US

Setting: Clinic

Mean age: ND

Age range: 6-17 y

Mean height: ND

Male: ND

Race: ND

Enrolled: ND

Evaluated: 12

Number of sites: 2
	Children with “severe” osteogenesis imperfecta
	None reported
	Osteogenesis imperfecta
	Retrospective cross-sectional

	
	
	
	
	
	

	Rogers

1979

79200737
	Location: US

Setting: Pediatric clinic research unit

Mean age: ND

Age range: 5 mo – 15 y

Mean height: ND

Male: ND

Race: ND

Enrolled: 68

Evaluated: 68

Number of sites: 1
	Diagnosis of skeletal dysplasia leading to short stature
	Syndromes of low-birth-weight dwarfism

Multiple malformations

Mucolipidosis or mucopolysaccharidosis

Cardiac arrest
	Skeletal dysplasia and achondroplasia
	Prospective cross-sectional cohort

	
	
	
	
	
	

	Ruiz-Garcia

1997

97346439
	Location: Mexico

Setting: Genetics clinic

Mean age: 4.5 y

Age range: 3 mo - 17 y

Mean height: ND

Male: 49%

Race: ND

Enrolled: 39

Evaluated: 39

Number of sites: 1
	“Classical” achondroplasia diagnosed in Genetics Department
	History of neurosurgical procedures
	Achondroplasia
	Prospective cross-sectional cohort

	
	
	
	
	
	

	Shurka

1976
	Location: Israel

Setting: Pediatric endocrinology clinic

Mean age: 15 y

Age range: 9-17 y

Mean height: 134 cm

Height range: 104-157 cm

Male: 46%

Race: ND

SES: Primarily average or high

Enrolled: 12

Evaluated: 11 (7 met criteria for current review)

Number of sites: 1
	Dwarfism due to bone disease
	(For current review, age ( 18 y)
	Bone disease
(External chondromatosis, Achondroplasia, Undefined)
	Prospective cross-sectional cohort

	
	
	
	
	
	

	Skeletal Dysplasia Group

1989

89192477
	Location: UK

Setting: Workgroup’s registers

Mean age: ND

Age range: 1-15 y

Mean height: ND

Male: 49%

Race: ND

Enrolled: 182

Evaluated: 15 (children with Morquio disease)

Number of sites: ND
	Diagnosis of skeletal dysplasia

Adequate cervical spine films

(Morquio disease: other disease sub-groups did not meet criteria for current review)
	Osteogenesis imperfecta

Sclerosing bone dysplasias or tumor-like disorders

Malformation syndromes
	Morquio disease
	Retrospective cross-sectional case series

	
	
	
	
	
	

	Stewart

1989

90125184
	Location: Scotland

Setting: Dep. Of medical genetics

Mean age: ND

Age range: 10-19 y

Mean height: ND

Male: 43% for the larger group

Race: ND

Enrolled: 56

Evaluated: 56 (13 met criteria for current review)

Number of sites: ND
	Diagnosed based on their history of spontaneous fractures.

Contacted via Brittle Bon Society.

For current review, only children aged 10-19 were included
	None reported
	Osteogenesis imperfecta
	Prospective cross-sectional cohort

	
	
	
	
	
	

	Thompson

1999

99221075
	Location: US

Setting: Genetics clinic

Mean age:
Cases: 89 mo
Premature: 107 mo
Controls: 111 mo

Age range: ND

Mean height: ND

Male: 52%

Race: White 74%, Black 6%, Hispanic 13%, Other 7%

SES: Low 31%, Middle 19%, High 50%

Enrolled: 16 (21 premature, 17 controls)

Evaluated: 16 (21, 17)

Number of sites: 1
	Cases - clinical and radiographic diagnosis of ACH

Premature controls- premature infants with hydrocephalus

Normal controls - normally developing children of average stature

All - IQ>69
	Severe psychiatric disorder

Uncontrolled seizure

Other neurological disorder

Child abuse

Sensory deficit

Unable to speak English
	Achondroplasia
	Prospective cross-sectional cohort

	
	
	
	
	
	

	Waters

1993

94029092
	Location: Australia

Setting: Sleep lab and clinic

Mean age: ND

Age range: 1-31 y

Mean height: ND

Male: 50%

Race: ND

Enrolled: 20

Evaluated: 20

Number of sites: 1
	Patients with dysplasia (implied)
	Refusal to participate
	Achondroplasia
	Prospective cross-sectional cohort


	Author,

Year
	Predictors
	Predictor Measures / Definitions
	Outcomes
	Outcome Measures

	
	
	
	
	

	Alston

1983


	Osteogenesis imperfecta
	ND
	Cognitive/Academic
	Non-verbal intelligence (Raven’s Matrices)

Reading (Primary Reading Test, Wide Span Reading Test, or Gapadol Reading Test)

Spelling (Graded Word Spelling Test)

Writing speed (Number of words written in 5 minutes)

	
	
	
	Motor function
	Mobility (Walk vs wheelchair)

	
	
	
	
	

	Apajasalo

1998

98163312
	Achondroplasia
	Disproportionate short limbed short stature, characteristic facial features and joint and spine disorders
	Physical development
	Overall quality of life (Health related quality of life, 16 dimensions)

Mobility dimension

Vision dimension

Hearing dimension

	
	
	
	
	

	
	Cartilage-hair hypoplasia
	Congenital disproportionate short-limbed short stature, thin/sparse hair, defective immunity
	
	

	
	Diastrophic Dysplasia
	Severe physical handicap due to short-limbed short stature, progressive joint limitations, kyphoscoliosis, foot deformities
	
	

	
	
	
	
	

	Bailey

1971

72080259
	Achondroplasia
	ND
	Motor function
	Elbow flexion (Angle, Self-reported disability)

	
	
	
	
	

	Benson

1978

79027354
	Osteogenesis imperfecta, mild
	Thicker cortical bone with visible trabeculae, not severe osteoporosis of vertebrae
	Motor function
	Walking ability (Independent walkers, Walked with appliance, Sitter)

Scoliosis (spinal curvature on spine radiography)

	
	Osteogenesis imperfecta, moderate
	ND
	
	

	
	Osteogenesis imperfecta, severe
	Thin osteoporotic long bones and severe osteoporosis of vertebrae
	
	

	
	
	
	
	

	Bleck

1981

82026195
	Osteogenesis imperfecta congenita
	Severe type
	Physical development/Motor function
	Independence (0 = No achievement possible
1 = Complete dependence
2 = Partial dependence
3 = Independence through technical help
4 = Completely independent, but not normal in timing, effort expenditure, or external appearance
5 = Normal activity)

Mobility efficiency (0 = None
1 = Mobility not functional enough to be used
2 = Moves about immediate surroundings
3 = Travels in the community
4 = Travel beyond the community

Activities of daily living (ADL: 0 = No ADL possible
1 = Meets own essential needs
2 = Completes personal care
3 = Household activity possible
4 = Normal ADL)

Ambulation (0 = None
1 = Walking possible but not functional enough to be useful
2 = Household walker
3 = Walk outside home but limited to neighborhood
4 = Community walker)

	
	Osteogenesis imperfecta tarda
	ND
	
	

	
	
	
	
	

	Brinkmann

1993

94091382
	Achondroplasia
	Short limbs and characteristic skull changes with macrocephaly
	Cognitive
	Cognitive Abilities Test, German version

Verbal component

Arithmetic component

Reasoning component

	
	
	
	Physical development
	Motor development (Months to sit, stand, walk alone)

Delayed speech (parental report)

	
	
	
	Sensory
	Hearing deficit (parental report)

	
	
	
	Pain
	Limb, joint, back pain

	
	
	
	
	

	Cox

1982

83016754
	Osteogenesis imperfecta
	Idiopathic bone fragility, blue sclerae, hearing impairment
	Sensory
	Hearing loss (Pure tone thresholds > 30 dB hearing loss at 250-1,000 Hz and/or > 25 db hearing loss at 2,000-6,000 Hz)

	
	
	
	
	

	Daly

1996

96219608
	Osteogenesis imperfecta
Shapiro classification:
Congenita A
	Fractures at birth, bones radiographically abnormal
	Physical development/Motor function
	Mobility (Wheelchair, Aided walker, Independent)

Patterns of development (Abnormal arrested, Delayed arrested, Normal arrested, Delayed, Normal)

	
	
Congenita B
	Fractures at birth, bones radiographically normal
	
	

	
	
Tarda A
	First fracture by walking stage, bones narrow, osteopenic
	
	

	
	
Tarda B
	First fracture after walking, bones radiographically normal
	
	

	
	Osteogenesis imperfecta
Sillence classification:
I A
	Autosomal dominant, normal stature, blue sclerae
	
	

	
	
I B
	IA plus dentinogenesis imperfecta
	
	

	
	
III
	Autosomal recessive, multiple fractures at birth, progressively deforming
	
	

	
	
IV A
	Autosomal dominant, bone fragility, normal sclerae
	
	

	
	
IV B
	IV A plus dentinogenesis imperfecta
	
	

	
	
	
	
	

	Engelbert

1997
	Osteogenesis imperfecta
I, III and IV
	Classified according to Sillence method (see Daly 1996, above)
	Motor function
	Self-care (Pediatric Evaluation of Disability Inventory, PEDI, range 0-100, median 50. Score scaled for children older than 7.5 years such that normal score=100)

Mobility (PEDI)

	
	
	
	
	

	Engelbert

1998

98366964
	Osteogenesis imperfecta
I, III and IV
	Classified according to Sillence method (see Daly 1996, above)
	Motor function
	Scoliosis (Cobb angle > 40°)

Kyphosis (Cobb angle < 10° or > 40°)

	
	
	
	
	

	Engelbert

1999

99381568
	Osteogenesis imperfecta
I, III and IV
	Classified according to Sillence method (see Daly 1996, above)
	Motor function
	Level of ambulation (Bleck classification)

	
	
	
	
	

	Engelbert

2000

20429012
	Osteogenesis imperfecta
I, III and IV
	Classified according to Sillence method (see Daly 1996, above)
	Motor function
	Level of ambulation (Bleck classification)

	
	
	
	
	

	Engelbert

2001

21334060
	Osteogenesis imperfecta
I, III and IV
	Classified according to Sillence method (see Daly 1996, above)
	Motor function
	Self-care (Pediatric Evaluation of Disability Inventory, PEDI, range 0-100. Score scaled for children older than 7.5 years such that normal score=100)

Mobility (PEDI)

Level of ambulation (Bleck classification)

	
	
	
	Motor function
	Joint range of motion: arms, legs (0=normal, 4=maximally decreased)

Muscle strength: arms, legs (0=no muscle activity, 5=normal muscle strength)

	
	
	
	
	

	Falvo

1973

74013834
	Osteogenesis imperfecta
	Generalized osteoporosis, blue sclerae, dentinogenesis imperfecta, history of fracture
	Pulmonary
	Pulmonary function tests (Vital capacity (VC), Residual volume (RV), 1-second forced expiratory volume divided by forced vital capacity (FEV1/FVC))

Arterial blood analysis (Oxygen partial pressure, carbon dioxide partial pressure)

	
	
Mild
	No noticeable deformity of long bones
	
	

	
	
Moderate
	Bowing of lower extremity long bones only
	
	

	
	
Severe
	Bowing of all long bones
	
	

	
	
	
	
	

	Fowler

1997

97356792 
	Achondroplasia
	ND
	Physical development
	Motor development (Denver Developmental Screening Test: Months to sit, stand, walk alone)

	
	
	
	
	

	Pauli

1995

95193803
	Achondroplasia
	ND
	Neurological
	Neurological examination (Truncal tone, Limb tone, Arm strength, Leg strength)

Neurological history (Developmental delays, Asymmetry, Weakness, Sensory abnormality, Arching / opisthotonus, Clonus, Seizure, Apnea)

	
	
	
	Pulmonary
	Polysomnography (Central apnea, Central hypopnea, Obstructive apnea)

	
	
	
	
	

	Hecht

1991

92152267
	Achondroplasia
	ND
	Cognitive
	Mental development index (Bayley Scales of Infant Development)

Psychomotor development index (Bayley)

	
	
	
	Pulmonary
	Sleep apnea

	
	
	
	
	

	Hunter

1998

98299528
	Chondrodysplasia
	ND
	Psychological
	Depression (Beck Depression Inventories)

Anxiety (Speilberger State-Trait Anxiety Inventories)

	
	
	
	
	

	Kuurila

2000

20379515
	Osteogenesis imperfecta
I, III and IV
	Classified according to Sillence method (see Daly 1996, above)
	Sensory
	Hearing loss (Pure tone < 20 dB, Conductive < 15 dB)

	
	
	
	
	

	Norimatsu

1982

82163323
	Osteogenesis imperfecta
Mild, Moderate, Severe
	Per Falvo 1973 (see above)
	Motor function
	Walking ability (Wheelchair bound, ambulates with assistance)

Scoliosis (Mild <30˚; Moderate 30˚-50˚; Severe > 50˚, by Cobb’s method)

	
	
	
	
	

	Poussa

1991

92054945
	Diastrophic dysplasia
	Short-limbed short stature, joint limitations, spinal and foot deformities, dysmorphic earlobes, cleft palate
	Motor function
	Scoliosis (>10˚ by Cobb’s method)

	
	
	
	
	

	Reid

1988

89193370
	Achondroplasia
	ND
	Pulmonary
	Obstructive sleep apnea (>5 obstructive or >2 central apneas per hour)

	
	
	
	Neurological
	Paresis (not defined)

	
	
	
	
	

	Stokes

1988

88110722
	Achondroplasia
	Rhizomelia, macrocephaly with midfacial hypoplasia, spinal canal narrowing
	Pulmonary
	Forced vital capacity

	
	
	
	
	

	Reite

1972

72182015
	Osteogenesis imperfecta
	ND
	Cognitive
	IQ (WISC)

	
	
	
	
	

	Rogers

1979

79200737
	Achondroplasia 
	ND
	Cognitive
	IQ (Age< 2 y: Bayley Scales of Infant Development; Age 2-6 y: Stanford-Binet Intelligence Scale; Age 6-15 y: WISC)

	
	Other skeletal dysplasia
	Multiple diagnoses
	
	

	
	
	
	
	

	Ruiz-Garcia

1997

97346439
	Achondroplasia
	Autosomal dominant, abnormally short stature, macrocephaly, rhizomelia
	Neurological
	Neurological examination (Quadriparesis, Weakness, Sensory deficit)

Compressive neural syndrome (craniocervical compression, lumbar compression)

	
	
	
	Hearing Loss
	Brainstem auditory evoked response

	
	
	
	
	

	Shurka

1976
	Skeletal dysplasia
	External chondromatosis, achondroplasia, or undefined
	Cognitive
	IQ (WISC)

	
	
	
	
	

	Skeletal Dysplasia Group

1989

89192477
	Morquio disease
	ND
	Neurological
	Neurological complications (ND)

	
	
	
	
	

	Stewart

1989

90125184
	Osteogenesis imperfecta 
	ND
	Sensory
	Hearing loss (Pure tone < 30 dB, conductive < 15 dB)

	
	
	
	
	

	Thompson

1999

99221075
	Achondroplasia
	ND
	Cognitive
	IQ (WISC-R)

Academic achievement (WRAT-R)

	
	
	
	Motor function
	Gross motor arm and leg coordination (McCarthy Scales)

	
	
	
	Visual-motor skills
	Motor-based design copying task (Beery Test of Visual Motor Integration)

Motor-free spatial matching task (Judgment of Line Orientation)

Fine motor skills

	
	
	
	
	

	Waters

1993

94029092
	Achondroplasia
	ND
	Pulmonary 
	Sleep apnea (> 5 apneic episodes per hour)


	Author,

Year
	Associations found
	Potential Biases
	Comments

	
	
	
	

	Alston

1983


	In children with osteogenesis imperfecta (n=40) mean non-verbal intelligence (104), reading ability (100) and spelling ability (102) were similar to control children (n=40, 105, 102, 104, respectively). Writing speed was significantly slower (51 words in 5 minutes) compared to controls (61 words).

Of children with osteogenesis imperfecta (n=40), 38% required wheelchair use.
	None noted
	Study was privately funded

	
	
	
	

	Apajasalo

1998

98163312
	Among adolescents with skeletal dysplasia (n=19), overall quality of life (HRQOL=92) was significantly lower than in controls (n=239, 95) in univariate and multivariate analyses.

Among adolescents with skeletal dysplasias (n=19), the quality of life dimension mobility was significantly lower than for normal children. Children with diastrophic dysplasia and achondroplasia had mean scores of ~81 (from graph); those with cartilage-hair hypoplasia had a mean score of 100.

Those with skeletal dysplasia had similar scores to normal children for vision and hearing. Children with diastrophic dysplasia had mean scores of 94 for vision and 93 for hearing; those with achondroplasia had mean scores of 96 and 95, respectively; those with cartilage-hair hypoplasia had mean scores of 96 and 85, respectively.

In the analysis of 16 dimensions of quality of life, there were no statistically significant differences among the different groups of children with skeletal dysplasia.
	Few definitions of outcome measures

Reporting of analyses incomplete
	No data on funding source

	
	
	
	

	Bailey

1971

72080259
	Infants with achondroplasia, aged 0-2 years, had mean elbow flexion deformity of 11°, ranging from 5°-25°; Children, aged 3-12 years, had mean elbow flexion of 19°, ranging from 10°-40°; adolescents, aged 13-20 years, had mean elbow flexion of 23.5°, ranging from 0°-40°.
	No data on actual disability due to limited joint movement specifically in children.

Unknown number of subjects in relevant age ranges. 
	No data on funding source

	
	
	
	

	Benson

1978

79027354
	Among children with osteogenesis imperfecta (n=126) 48% were wheelchair bound (sitters), 25% walked with appliances, and 28% were independent walkers.

Among those children with osteogenesis imperfecta who had spine radiography performed (n=103), 38% had straight spines, 7% had scoliosis between 0˚-9˚, 19% had scoliosis between 10˚-19˚, 14% had scoliosis between 20˚-49˚, 14% had scoliosis between 50˚-79˚, and 9% ( 80˚.
	Incomplete data available.

Incomplete reporting
	No data on funding source

	
	
	
	

	Bleck

1981

82026195
	Among children with osteogenesis imperfecta congenita, severe type (n=12), mean independence, mobility, activities of daily living, and ambulation scores after orthotic and mobility management were 2.6 (partial dependence-independence through technical help), 3.0 (travels in community), 2.5 (completes personal care-household activity possible), and 0.7 (no ambulation-walking possible but not functional), respectively.

Among children with osteogenesis imperfecta tarda (n=12), mean independence, mobility, activities of daily living, and ambulation scores after orthotic and mobility management were 3.4 (independence through technical help-completely independent but not normal), 3.8 (almost travel beyond community), 3.7 (almost normal activities of daily living), and 2.8 (almost walk outside home but limited to neighborhood), respectively.
	No statistical analysis.
	No data on funding source.

No statistical comparison.

	
	
	
	

	Brinkmann

1993

94091382
	Among children with achondroplasia (n=30), mean Cognitive Abilities Scores were Total 48, Verbal 46, Arithmetic 49, and Reasoning 51. Compared to normal controls (n=30), Total (56), Verbal (54) and Arithmetic (55), children with achondroplasia had significantly lower scores; Reasoning scores (control 55) were not significantly different. Overall comparisons to siblings (n=30) and other short children (n=30) were similar.

Children with achondroplasia (n=30) were able to sit alone at a median of 12 months (compared to 7 months for normal controls, n=30), according to parental reports, to stand alone at  14 months (10 months), and to walk alone at 18 months (12 months). Siblings (n=30) and short controls (n=30) had motor development similar to other controls. No statistical analysis reported.

Among children with achondroplasia (n=27) 63% were reported by their parents to have hearing deficits, compared to 18% of short controls (n=28) and 19% of normal controls (n=27).

Among children with achondroplasia (n=27) 41% were reported by their parents to have delayed speech development, compared to 14% of short controls (n=28) and 7% of normal controls (n=27).

Among children with achondroplasia (n=30) limb, joint or back pain was present by parental report in 80%, compared to 43% of short controls (n=30) and 10% of normal controls (n=30).
	Limited statistical analyses. 

No data on sibling controls for factors that were reported by parents.
	Study was government funded

	
	
	
	

	Cox

1982

83016754
	Of children with osteogenesis imperfecta (n=15) 33% had hearing loss
	All subjects from 5 families with history of osteogenesis imperfecta.

Limited data on hearing function
	Study was university funded

	
	
	
	

	Daly

1996

96219608
	Among children with osteogenesis imperfecta classified by Shapiro as congenita B (n=31) 19% had abnormal arrested development, 19% had delayed arrested development, 29% had normal arrested development, 29% had delayed development, and 3% had normal development. Among these children, 87% were wheelchair bound and 13% were independent walkers.

Among children with osteogenesis imperfecta tarda A (n=15) none had abnormal arrested development, 27% had delayed arrested development, 7% had normal arrested development, 20% had delayed development, and 47% had normal development. Among these children, 27% were wheelchair bound, 13% were aided walkers, and 60% were independent walkers.

Too few children had osteogenesis congenita A (n=1) or tarda B (n=4) for analysis.

Among (the same sample of) children with osteogenesis imperfecta classified by Sillence as Type I (n=15) none had abnormal arrested or delayed arrested development, 7% had normal arrested development, 27% had delayed development, and 67% had normal development. Among these children, 7% were aided walkers and 93% were independent walkers.

Among children with osteogenesis imperfecta Type III (n=29) 21% had abnormal arrested development, 34% had delayed arrested development, 28% had normal arrested development, 17% had delayed development, and none had normal development. Among these children, 97% were wheelchair bound and 3% were independent walkers.

Among children with osteogenesis imperfecta Type IV (n=7) none had abnormal arrested development, 14% had delayed arrested development, 14% had normal arrested development, 43% had delayed development, and 29 had normal development. Among these children, 57% were wheelchair bound, 14% were aided walkers and 29% were independent walkers.
	Only a parental questionnaire

No statistical analysis.

Definitions of development unclear
	No data on funding source

	
	
	
	

	Engelbert

1997
	Among children aged ( 7.5 years with osteogenesis imperfecta Type I (n=16) mean Self-care Functional Skills score on PEDI (normal median 50) was 39 and mean Mobility score was 31. Among children with Type III (n=8) mean Self-care score was 31 and Mobility score was 5. Among children with Type IV (n=6) mean Self-care score was 37 and Mobility was 48.

Among children aged > 7.5 years with osteogenesis imperfecta Type I (n=16) mean Self-care Functional Skills score on PEDI (normal = 100) was 100 and mean Mobility score was 100. Among children with Type III (n=6) mean Self-care score was 70 and mean Mobility was 41. Among children with Type IV (n=9) mean Self-care score was 93 and Mobility was 62.
	Interpretation of scales difficult due to different norms used and unclear description of scales

No explicit comparison to normal children

Unclear how much overlap in sample with other Engelbert papers.
	No data on funding source

	
	
	
	

	Engelbert

1998

98366964
	Among children with osteogenesis imperfecta scoliosis > 10˚ was present in 12% of those with Type I (n=17), 63% with Type III (n=16), and 71% with Type IV (n=14).

Among children with osteogenesis imperfecta kyphosis < 10˚ was present in 6% of those with Type I (n=17), 38% with Type III (n=16), and 14% with Type IV (n=14).

Among children with osteogenesis imperfecta kyphosis > 40˚ was present in 6% of those with Type I (n=17), 38% with Type III (n=16), and 14% with Type IV (n=14).
	No comparison with normal controls

Unclear how much overlap in sample with other Engelbert papers.
	No data on funding source

	
	
	
	

	Engelbert

1999

99381568
	At follow-up, of children with osteogenesis imperfecta Type I (n=19) 53% were community walkers, 26% were neighborhood walkers, 16% were household walkers, and 5% were exercise walkers.

Of children with Type III (n=13) 31% were household walkers, 8% were exercise walkers, 38% were bottom shufflers, 15% could sit unsupported, and 8% could only sit supported.

Of children with Type IV (n=10) 10% were community walkers, 10% were neighborhood walkers, 10% were household walkers, 40% were exercise walkers, 20% could weight bear on feet, and 10% were bottom shufflers.
	No children with recent intramedullary fixation surgery or other disability or impairments.

PEDI scale scores reported for small to very small samples of children. Appears to be earlier subset of data reported earlier in Engelbert 1997. Not analyzed here.

Unclear how much overlap in sample with other Engelbert papers.
	No data on funding source

	
	
	
	

	Engelbert

2000

20429012
	At follow-up, of children with osteogenesis imperfecta Type I (n=41) 59% were community walkers without aides, 5% were community walkers with aides, 10% were neighborhood walkers without aides, 12% were household walkers without aides, 7% were household walkers with aides, and 7% were therapy walkers with aides.

Of children with Type III (n=11) 9% were neighborhood walkers with aides, 27% were household walkers with aides, 19% were therapy walkers with aides, and 45% were non-walkers.

Of children with Type IV (n=18) 28% were community walkers without aides, 11% were community walkers with aides, 6% were neighborhood walkers with aides, 11% were household walkers with aides, 22% were therapy walkers with aides, and 22% were non-walkers.
	Unclear how much overlap in sample with other Engelbert papers.

No comparison with normal children
	No data on funding source.

	
	
	
	

	Engelbert

2001

21334060
	Among children aged > 8 years with osteogenesis imperfecta Type I (n=17) mean Self-care Functional Skills score on PEDI (normal = 100) was 100 and mean Mobility score was 92. Among children with Type III (n=11) mean Self-care score was 81 and mean Mobility was 55. Among children with Type IV (n=12) mean Self-care score was 100 and Mobility was 67.

Among children with osteogenesis imperfecta Type I (n=17) the average child was a community walker without aides. Among children with Type III (n=11) the average child was a therapy walker with aides. Among children with Type IV (n=12) the average child was a household walker without aides.

Among children with osteogenesis imperfecta Type I (n=17), the average joint range of motion on a scale of 0 (normal) to 4 (maximally decreased) was 0.5 for arms and 0 for legs. Among children with Type III (n=11) the average arm range of motion was 1.8 and leg range of motion was 3.3. Among children with Type IV (n=12)  the average arm range of motion was 1.3 and leg range of motion was 1.7.

Among children with osteogenesis imperfecta Type I (n=17), the average muscle strength on a scale of 0 (no muscle activity) to 5 (normal muscle strength) was 4.5 for arms and 4.8 for legs. Among children with Type III (n=11) the average arm strength was 3.5 and leg strength was 3.6. Among children with Type IV (n=12) the average arm strength was 4.5 and leg strength was 3.8.
	Unclear how much overlap in sample with other Engelbert papers, especially those with PEDI analyses (1997 and 1999)

No comparison to normal children.

Meaning of scales unclear.
	No data on funding source.

	
	
	
	

	Falvo

1973

74013834
	Among children with osteogenesis imperfecta mean pulmonary vital capacity was 85% of predicted normal (n=10), mean residual volume was 119% of predicted normal (n=10), mean FEV1/FVC was 99% of predicted normal (n=10), mean arterial oxygen partial pressure was 88 mm Hg (n=8), and mean arterial carbon dioxide partial pressure was 35 mm Hg (n=8).

“No patient had severe hypoxemia or hypercapnea. Reduction of VC and increase in RV were found only in patients with kyphoscoliosis. Other parameters of pulmonary function were within normal limits.”
	Limited analyses
	Study was government and privately funded.

	
	
	
	

	Fowler

1997

97356792 
	Among children with achondroplasia, by parental report, the mean age of sitting unsupported was 12 months (n=37), the mean age of standing alone was 19 months (n=21), and the mean age of walking alone was 18 months (n=24). “Virtually all fine motor skills were delayed when compared with children without achondroplasia.”
	Includes subjects in Pauli 1995

Data on motor development from few subjects enrolled in study
	No data on funding source

	
	
	
	

	Pauli

1995

95193803
	Among children with achondroplasia, 72% had decreased truncal tone (n=39), 70% had decreased limb tone (n=44), 32% had abnormal arm strength (n=40), and 50% had abnormal leg strength (n=40). No child had marked abnormalities in neurological examination.

Among children with achondroplasia (n=52) 42% had an abnormality by neurological history. These included disproportionate developmental delays (10%), asymmetries (21%), weakness (14%), sensory abnormalities (4%), arching/opisthotonos (10%), clonus (8%), seizures (8%), and apnea (27%).

Among children with achondroplasia (n=35) by polysomnography 40% had mild to severe central apnea, 66% had mild to severe central hypopnea, and 23% had mild obstructive apnea
	Earlier subset of subjects in Fowler 1997
	Study was hospital funded

	
	
	
	

	Hecht

1991

92152267
	Among infants with achondroplasia (n=13) mean BSID Mental Development Index score was 97 (1 or 2 infants had scores <70, text and table disagree) and mean Psychomotor Development Index score was 63 (62% scored <50).

Among infants with achondroplasia (n=13) 77% had normal polysomnography. Two infants (15%) had obstructive apnea, 1 had hypoxemia and respiratory acidosis.
	5 of 13 patients were initially seen (and thus included) for apnea, motor delay or neurological complication

Reporting errors
	Study was government funded

	
	
	
	

	Hunter

1998

98299528
	Among children with chondroplasias (n=55) 7% had moderate or severe depression per the Beck Depression Inventories, which was not significantly different than among normal siblings (11%, n=35).

Among children with chondroplasias (n=55) the mean Speilberger Child State Anxiety score was 28.4 and Trait Anxiety score was 32.5, which were significantly lower (implying less anxiety) than general population means for boys (31.0 and 36.7, respectively) and girls (30.7 and 38.0, respectively).
	None noted
	No data on funding source

	
	
	
	

	Kuurila

2000

20379515
	Among children with osteogenesis imperfecta (n=45), 7% had hearing loss: 2 children had conductive hearing loss and 1 had sensorineural deafness.
	Descriptive study only
	No data on funding source.

	
	
	
	

	Norimatsu

1982

82163323
	Among children with osteogenesis imperfecta congenita (n=8) 38% were wheelchair bound; the remainder walked with assistance. Among children with osteogenesis imperfecta tarda (n=14) 14% were wheelchair bound; the remainder walked with assistance.

Among children with osteogenesis imperfecta congenita (n=8) 88% had severe scoliosis  (59°-139°; one had mild scoliosis (17°). Among children with osteogenesis imperfecta tarda (n=14) 21% had severe scoliosis (55°-125°), 14% had moderate scoliosis (32° & 33°), 64% had mild scoliosis (5°-28°).
	Multiple subjects were closely related.

Descriptive study only
	No data on funding source

	
	
	
	

	Poussa

1991

92054945
	Among children with diastrophic dysplasia (n=38) 29% had scoliosis. Of those ( 10 years (n=17) 6% had scoliosis; of those between 11 and 20 years (n=21) 48% had scoliosis. Those with scoliosis (n=11) had a mean magnitude of curvature of 39° (range 15°-80°).
	Descriptive analysis only
	No data on funding source.

Subjects are part of the study. Descriptive data only.

	
	
	
	

	Reid

1988

89193370
	Among children with achondroplasia (n=26) 85% had a history of respiratory abnormalities including pneumonia, loud snoring, cyanotic spells or apnea in the preceding 6 months; 35% had obstructive sleep apnea.

Among children with achondroplasia (n=26) 42% had paresis.
	Descriptive study only

No specific definitions of conditions reported

Appears to be subgroup of subjects included in Stokes 1988
	No data on funding source

	
	
	
	

	Stokes

1988

88110722
	Among children with achondroplasia (n=24) mean forced vital capacity was 72% of predicted, significantly lower than population norms.
	Limited details of pediatric sub-sample.

Appears to include subjects in Reid 1988
	Study funded by government, hospital and private sources

	
	
	
	

	Reite

1972

72182015
	Among children with osteogenesis imperfecta (n=12) the mean IQ was 107, ranging from 78-133.
	Only children with “severe” osteogenesis imperfecta

Incomplete data reported
	Study was government and privately funded.

	
	
	
	

	Rogers

1979

79200737
	Among school aged children with achondroplasia (n=19) mean Full scale IQ was 96, Verbal IQ was 95, and Performance IQ was 100; 5% had IQ<70.

Among preschool aged children with achondroplasia (n=15) mean Full scale IQ was 97; 13% had IQ<70.

Among school aged children with other skeletal dysplasias (n=22) mean Full scale IQ was 104, Verbal IQ was 104, and Performance IQ was 103; none had IQ<70.

Among preschool aged children with other skeletal dysplasias (n=12) mean Full scale IQ was 100; none had IQ<70.
	Descriptive study only
	Study was government funded

	
	
	
	

	Ruiz-Garcia

1997

97346439
	According to summary table, among children with achondroplasia (n=39) 59% had hypotonia, 15% had quadriparesis, 31% had weakness, and 10% had a sensory deficit.

According to text, 49% had hypotonia, 13% had quadriparesis, 26% had weakness, and 5% had sensory deficit. In additon, 31% had compressive neural syndromes (18% craniocervical, 13% lumbar).

According to the text, among children with achondroplasia (n=32), 50% had abnormal hearing as tested by brainstem auditory evoked response.
	No definitions of outcomes

Results reported in text differ from results reported in table

Descriptive study only.
	No data on funding source

	
	
	
	

	Shurka

1976
	Among children with skeletal dysplasias (n=7) mean Full scale IQ was 102, Verbal IQ was 103, and Performance IQ was 99.
	Very small sample size.

Multiple, poorly defined causes of dwarfism.
	No data on funding source

	
	
	
	

	Skeletal Dysplasia Group

1989

89192477
	Among children with Morquio disease (n=15) 33% had “known neurological complications.”
	Limited data reported

Conditions and outcomes not defined

Only subset met criteria for inclusion in SSA report
	No data on funding source

	
	
	
	

	Stewart

1989

90125184
	Among children with osteogenesis imperfecta (n=13), 15% had hearing loss.
	Incomplete reporting

Descriptive only
	Study was private funded

	
	
	
	

	Thompson

1999

99221075
	Among children with achondroplasia mean WISC-R Verbal IQ was 94 (n=16), Performance IQ was 101 (n=16), WRAT-R Spelling score was 88 (n=14), Arithmetic was 89 (n=15), and Sentence writing was 80 (n=12). These scores were all statistically similar to normal controls (IQ ND, Spelling 97, Arithmetic 96, Sentence writing 95, n=17).

Among children with achondroplasia (n=13) Gross Motor Arm Coordination score on McCarthy Scales was 73 and Leg Coordination was 79, significantly lower than normal controls (93, 104, respectively; n=13).

Among children with achondroplasia (n=13) visual motor skills were significantly lower (Beery 82, JLO 85) than among normal controls (Beery 92, JLO 100, n=12). Various measures of fine motor skills were similar between the two groups.
	Biased sample as some children dropped who were unable to complete the testing for many measures and excluded children with IQ<69.
	Study was government funded.

Subjects were recruited as part of larger previous study of hydrocephalus

	
	
	
	

	Waters

1993

94029092
	Among children with achondroplasia (n=20) 75% had > 5 apneic episodes per hour of sleep.
	Descriptive study only
	No data on funding source
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