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“ERA”

A date or event marking the beginning of a new and distinct period of time



Eras Leading to This Talk (1)

• 8th November 1895
• Wilhelm Conrad Röntgen
• Discovery of X-rays

“Era”: A date or event marking the beginning of a new and distinct period of time

Anna Röntgen: “I have seen my death!”



Eras Leading to This Talk (2)

• 1907 - 1974
• Professor Jacques Lefebvre
• First meeting of European paediatric 

radiologists (ESPR) in 1963

“Era”: A date or event marking the beginning of a new and distinct period of time

doi: 10.2214/ajr.123.4.853
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Eras Leading to This Talk (3)
“Era”: A date or event marking the beginning of a new and distinct period of time

• Paris, November 5th to 7th 1969
• Pierre Maroteaux: International Skeletal 

Dysplasia Society (ISDS)
• Ann de Radiol 1970 13:455-464
• Leonard Langer & Maroteaux

• Radiology 1971 99:699-702
• 3 groups of dysplasias
• 3 groups of dysostoses
• 3 other groups (including storage)
• 134 named conditions
• No genes

• ISDS Nosology 2019
• 461 different diseases (134)
• 42 groups (9)
• 437 genes (0)



Eras Leading to This Talk (4)
“Era”: A date or event marking the beginning of a new and distinct period of time

• Godfathers of artificial intelligence:
Geoffrey Hinton                          Jim Goodnight                            Alan Turing 
1947 -                                           1943 -                                           1912 - 1954



Eras Leading to This Talk (5)
“Era”: A date or event marking the beginning of a new and distinct period of time

• 1869-2003
• Deoxyribonucleic acid (DNA) 

• Johann Friedrich Miescher (1869)
• Rosalind Franklin & Maurice Wilkins (1950s)
• James Watson & Francis Crick (1953)
• Human genome project (completed in 2003)



Radiological Diagnosis of Skeletal Dysplasias
ESPR 2002 (Bergen, Norway) Bone Age Assessment



Radiological Diagnosis of Skeletal Dysplasias
Bone Age Assessment: BoneXpert



Radiological Diagnosis of Skeletal Dysplasias
Artificial Intelligence: Shape & Pattern Recognition

Pear-shaped                              Spondyloepiphyseal dysplasia congenitaHooked                                    MucopolysaccaridosesWafer thin                                              Thanatophoric dysplasia



Radiological Diagnosis of Skeletal Dysplasias
Artificial Intelligence: Shape & Pattern Recognition

Offiah A, Lanfranchi V, Davila Garcia ML, Villa-Uriol M, Yang P
40 lateral spine, 16 AP spine, 26 chests: Achondroplasia and Normal (all infants) from the dREAMS collection
(MRC Confidence in Concept Fund: Project No 16068)

Feature Size of 
Feature 
Vector

% 
Average 
Accuracy

Body 
Part

SURF 168,000 75 Spine Lat

HOG 63,936 87.5 Spine Lat

SURF 72,000 68.0 Spine AP

HOG 63,936 75 Spine AP

SURF 120,000 88 Chest

HOG 63,936 87.5 Chest

Bullet-shaped



Skeletal Dysplasia Group         

Radiological Diagnosis of Skeletal Dysplasias
Teaching Aids

Textbooks               International Skeletal 
Dysplasia Society



Radiological Diagnosis of Skeletal Dysplasias
dREAMS: dynamic Radiological Electronic Atlas of Malformation Syndromes
Hall CM, Offiah AC 
Certus Tech Ltd.

• Online electronic diagnostic & teaching aid for skeletal dysplasias
• >12,000 images (> 500 patients, > 400 conditions)



Radiological Diagnosis of Skeletal Dysplasias
dREAMS: dynamic Radiological Electronic Atlas of Malformation Syndromes

Phase 1: Quality Assurance (Funders: Newlife Foundation, SDG)

• Import images (identify source - REAMS, ESDN, Gorlin, Bristol etc.)
• Anonymise
• Quality control

• Positioning
• Cropping
• Contrast/brightness
• Age group allocation
• Diagnosis



Radiological Diagnosis of Skeletal Dysplasias
dREAMS: dynamic Radiological Electronic Atlas of Malformation Syndromes

Phase 2: Image Annotation (Funders: SDG, Alexion)

• Based on a defined ontology
• A knowledge framework in a specific domain (radiology of skeletal dysplasias)

• Describes characteristics
• Describes relationships



Radiological Diagnosis of Skeletal Dysplasias
dREAMS: dynamic Radiological Electronic Atlas of Malformation Syndromes

• Importance of an ontology?
• Stippling = chondrodysplasia punctata
• Fragmented = epiphyseal dysplasia
• Advanced ossification = ciliopathy, Desbuquois

Monkey Wrench/Swedish key
Desbuquois dysplasia

Phase 2: Image Annotation

1.Descriptors
2.Associated diagnoses

Tacit Knowledge



Radiological Diagnosis of Skeletal Dysplasias
dREAMS: dynamic Radiological Electronic Atlas of Malformation Syndromes

Phase 2: Image Annotation

1.Descriptors
2.Associated diagnoses



Radiological Diagnosis of Skeletal Dysplasias
dREAMS: dynamic Radiological Electronic Atlas of Malformation Syndromes

Phase 2: Image Annotation

• dREAMS ontology
• Abnormality 
• Abnormality may have a qualifier
• Location
• Abnormality + Location = Feature
• Each feature has a unique dREAMS identifier

Abnormality:
Shape
Size
Structure
Sum

Qualifier:
Position
Severity
Time

Location:
Explicit - Hypoplasia of the odontoid peg
Implicit - Platyspondyly
Both - Posterior scalloping of lumbar vertebral bodies

Mild posterior scalloping of lumbar vertebral bodies

Feature:
Coxa valga

DR: 0002673
HP: 0001228

Avoid Tautology:
Bilateral coxa valga
Macrocephaly of the skull vault
Platyspondyly of the spine

Group Abnormalities:
“Loss of height of” vertebral bodies = “platyspondyly”
“Loss of height of” capital femoral epiphyses = “flattening”
NOT “irregularity” or “fragmentation” 

Spondylopeiphyseal dysplasia 
with progressive arthropathy

Brachyolmia



Radiological Diagnosis of Skeletal Dysplasias
dREAMS: dynamic Radiological Electronic Atlas of Malformation Syndromes

Phase 2: Image Annotation



Radiological Diagnosis of Skeletal Dysplasias
dREAMS: dynamic Radiological Electronic Atlas of Malformation Syndromes

Phase 3: Maintenance and prospective population

• Clinical
• Research

• Alexion (hypophosphatasia)
• 100,000 genome project



Radiological Diagnosis of Skeletal Dysplasias
Genetic Analysis as the Gold Standard



Radiological Diagnosis of Skeletal Dysplasias
“Reverse Radiology”

VUS: 
Variant(s) of unknown significance

“Reverse Radiology”



Radiological Diagnosis of Skeletal Dysplasias
Collaboration is Key: 100K Genomes (MSK GeCIP) Project

• GeCIP = Genomics England Clinical Interpretation Partnership
• Approved researchers with access to the Genomics England Research Environment

GeCIP

Arms

Domains

Rare 
Disease Cancer Cross 

Cutting

13 17 9

MSK Dr Muhammad Kassim Javaid
University of Oxford



Radiological Diagnosis of Skeletal Dysplasias
Collaboration is Key: 100K Genomes (MSK GeCIP) Project

• £1.2M MRC-funded project
• “Identifying new disease genes & mechanisms for MSK disorders in 100K genomes project using 

bioinformatics, phenotyping & machine learning”
• Prof Jenny Taylor (Laboratory genetics)
• Dr Muhammad Javaid (Adult rare MSK)
• Dr Melita Irving (Paediatric rare MSK)
• Prof Amaka Offiah (Radiology)
• Prof David Clifton (Engineering Science)

MSK
GeCIP

Dr Muhammad Kassim Javaid
University of Oxford



Radiological Diagnosis of Skeletal Dysplasias
Collaboration is Key: 100K Genomes (MSK GeCIP) Project

• “Unsolved” cases
• Unrecognised clinical/radiology phenotype
• Negative genetics for a “recognised” clinical/radiological phenotype
• Variant(s) of unknown significance



Radiological Diagnosis of Skeletal Dysplasias
Collaboration is Key: 100K Genomes (MSK GeCIP) Project

Work Package 1: BioinformaticsWork Package 2: Deep PhenotypingWork Package 3: Machine LearningResults to Date:



Radiological Diagnosis of Skeletal Dysplasias
Collaboration is Key: 100K Genomes (MSK GeCIP) Project

2-day-old male
Dumbbell long bones:
1. Kniest = Col2 negative
2. Metatropic = TRPV4 negative

2-day-old male
Dumbbell long bones:
3. Rolland Desbuquois (spine does not fit)
4. Schwartz-Jampel (no myotonia) BUT
       Reverse femoral bowing

2-day-old male
Dumbbell long bones:
3. Rolland Desbuquois (spine does not fit)
4. Schwartz-Jampel (no myotonia) BUT
       Reverse femoral bowing

Homozygous HSPG2 mutation = Schwartz-Jampel



Radiological Diagnosis of Skeletal Dysplasias
Radiological Parameters as Objective End Points in Drug Trials

Identification of genes = Identification of pathways = Drug repurposing/novel drugs

• BioMarin 
• Vosoritide in achondroplasia



Radiological Diagnosis of Skeletal Dysplasias
Radiological Parameters as Objective End Points in Drug Trials

Identification of genes = Identification of pathways = Drug repurposing/novel drugs

• Elosulfase alfa for Morquio
2 years 10 years



Radiological Diagnosis of Skeletal Dysplasias
Radiological Parameters as Objective End Points in Drug Trials

Identification of genes = Identification of pathways = Drug repurposing/novel drugs

• Asfotase alfa for hypophosphatasia

Birth 1 yr 2 yrs 3 yrs



Radiological Diagnosis of Skeletal Dysplasias

Identification of genes = Identification of pathways = Drug repurposing/novel drugs

• Carbamezapine for metaphyseal chondrodysplasia type Schmid
• Phase I/IIa open-label in 40 children with confirmed Col10A1 mutation

Pre-clinical data Orphan drug Clinical trial



Radiological Diagnosis of Skeletal Dysplasias
In the Era of Whole Genome/Exome Sequencing, AI & Drug Trials

• More challenging
• More rewarding

• Clinical Perspective
• Genetic confirmation
• Collaborative approach

• Research Perspective
• Design of studies/study end points
• Artificial intelligence



Diagnosis of Skeletal Dysplasias in the era of Whole Genome/Exome Sequencing, AI & Drug Trials

“Reverse Radiology” 

dREAMS


