56" Annual Meeting =
42 Post Graduate Course

R A r——— . —
a b TR lﬁtwl.ﬁ_:-;-.h-::ﬂ.‘“‘hl e ——

MARSEILLE - FRANCE

Palals du Pharo espr2022.0rg



mailto:a.offiah@sheffield.ac.uk

Disclosure

® Funding, honoraria, expenses
® Alexion
® BioMarin
®* Newlife Foundation
® Skeletal Dysplasia Group for Teaching and Research

European society of
Paediatric Radiology




Acknowledgements

A BIG THANK YOU

dREAMS

* Professoeensi ppdidbetit
® Mentors (Professor Christine Hall)
56™ Annual MEEhng & 42™ F‘n5t ﬁladuaha I:DUEEE )

Lefebvre
2022

lune I 5 EIZIEIJ

Falais du Pharo, Marseille, FRANCE
~atients and ramilies

1 BESPR

European Society of
Paediatric Radiology




“ERA”

A date or event marking the beginning of a new and distinct period of time
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Eras Leading to This Talk (1)

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

° 8th NOvember 1 895 Anna Rontgen: “| have seen my death!”

®* Wilhelm Conrad Rontgen

w -

L
=
o

® Discovery of X-rays
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Eras Leading to This Talk (2)

“Era”. A date or event marking the beginning of a new and distinct period of time
doi: 10.2214/ajr.123.4.853
5:7‘:‘ | J *_\ ;\_ I

® First meeting of European paediatric " A8
radiologists (ESPR) in 1963 ' il

® 1907 - 1974
® Professor Jacques Lefebvre

Viewing
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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, Naldmpblagalogy 404 9
* Pl W aifropiamaliseaes th 34)

Dysplasia Society (

* Anh dbRgroUPR3( ) 455-464 | -

* Leongrd pagas L iaryieaus Memory Lane
® Radiology 1971 99:699-702 i |

® 3 groups of dysplasias

® 3 groups of dysostoses

® 3 other groups (including storage)

®* 134 named conditions
® No genes
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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
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Eras Leading to This Talk (5)

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

® 1869-2003

aP

® Deoxyribonucleic acid (DNA) .-:prrfr
® Johann Friedrich Miescher (1869) :J‘
® Rosalind Franklin & Maurice Wilkins (1950s) 5 ._
®* James Watson & Francis Crick (1953) r'=.-.T-|’-'-' : :
®* Human genome project (completed in 2003) Tr:._:',..n-
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Radiological Diagnosis of Skeletal Dysplasias

Pediatr Radiol (2003) 33: 153-161
DOI 10.1007/s00247-002-0855-8

ESPR 2002 (Bergen, Norway)

Ha etal & Perinatal Skeletal Dysplasias Radcliffe Publishers 2012

Amaka C. Offiah
Christine M. Hall

Received: 6 September 2002
Revised: 4 November 2002
Accepted: 6 November 2002
Published online: 20 December 2002
© Springer-Verlag 2002

Originally presented as a workshop at the
39th Annual Congress of the ESPR,
Bergen, June 2002

A. C. Offiah (B4) - C. M. Hall
Department of Radiology,

Great Ormond Street Hospital

for Children, London, WCIN3JH, UK
E-mail: amaka.offiah(@gosh.nhs.uk
Tel.: +44-20-74059200 ext. 5084
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Radiological Diagnosis of Skeletal Dysplasias

Bone Age Assessment. BoneXpert

Pediatric Radiclogy
https:.//doi.org/10.1007/500247-022-05295-w

ORIGINAL ARTICLE

Autonomous artificial intelligence in pediatric radiology: the use

and perception of BoneXpert for bone age assessment BA [GP): 4.36 v (F)
5.3 3 BA 505 0.42 (CauEu) |
Hans Henrik Thodberg' - Benjamin Thodberg' - Joanna Ahlkvist? - Amaka C. Offiah? Carpal BA: 31.64 ¥ |
BA (TW3), 3.78 y
Received: 15 June 2021 / Revised: 23 December 2021 / Accepted: 19 January 2022 1.5 Ane 4 09 v

& The Author(s) 2022 —
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Radiological Diagnosis of Skeletal Dysplasias

Artificial Intelligence: Shape & Pattern Recognition

Pediatr Radiol (2003) 33: 153-161 ) )
DOI 10.1007/s00247-002-0855-8 REVIEW

Amaka €. Offiah Radiological diagnosis of the constitutional
' disorders of bone. As easy as A, B, C?

Received: 6 September 2002 Abstract Although many constitu- and the dysostoses, and provides a

Revised: 4 November 2002 tional disorders of bone are systematic approach to their radi-
Accepted: 6 November 2002 individually rare, collectively they ological diagnosis.
Published online: 20 December 2002 make up a large group of disorders.

© Springer-Verlag 2002 They are broadly classified into

osteochondrodysplasias and dysos-
Originally presented as a workshop at the toses. Because of the rarity of some
39th  Annual Congress of the ESPR, of these conditions, they can be dif-
Bergen, June 2002 ficult to diagnose. Members of the

International Dysplasia Group meet

A. C. Offiah (9) - C. M. Hall regularly to update and clarify the
gﬁpﬂ[ﬂgﬁﬂl 05 gtlﬂdl?lglg}“a . nomenclature. The last meeting was

reat Ormond Street Hospita - - s artinle ats . . ~Tlacia .
for Children, London, WCIN3JH. UK in Oxford in 2()_()1. This d..l'tl{.,lﬁ at Keywurds_ Osteochondrodysplasia
E-mail: amaka.offiah@gosh.nhs.uk tempts to highlight the differences Dysostosis - Nomenclature
Tel.: +44-20-74059200 ext. 5084 between the osteochondrodysplasias Radiological diagnosis
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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)

Bullet-shaped

Machine Learning

(5} —/ -Achondroplasia
S \ﬁj —_— ——5 | -Not Achondroplasia

. : . o)
Feature extraction Classification utput SURF 168.000 |75 Spine Lat
HOG 63,936 87.5 Spine Lat
SURF 72,000 68.0 Spine AP
* Normalization ¢ Cross-validation HOG 63’936 79 Spine AP
e Reduce noise e SVM
+Segmentation of ROI || SURF  SelectFeotures SURF {120,000 |88 Chest
"Image enhancement *HOG hyperparameters HOG |63,936 |87.5 Chest
¢ BRISK ¢ Data augmentation ,
¢ BRIEF ¢ Assess performance

1 HESPR

European Society of
Paediatric Radiology




Radiological Diagnosis of Skeletal Dysplasias

Teaching Aids

RALPH S. LACHMAN

FIFTH EDITION z & 1

Skeletal
Dysplasia
Group _

| |'
ircCri

[aybi and Lachmans ™=

www.isds.ch

D

for teaching ar

RegﬂhmiﬁNn.294209 ABOUT THE EVENT

N
H adl [] I U uv UI Svn y N A1t e ciciieietcee e anneseesasnsseasssss sensssssssnssssses nssannnssssossssssnsasssss sbsssssessnssessnnnnns We are pleosed to announce that the "15th International Skeletal DySprSfG Soc."ety Meet."ng",
2 L ; will be held in Santiago, Chile, on August 24 - 27, 2022,

M E[a h [] | I [: I] I S[]r I : Spring Instructional Course and for the first time in Latin America

: Sheffield

Fetal and Perinatal May 16t - 18th 2022 MEETING VENUE & LOCATION
a"d SkE | E[al I]v Skeletal DysplaSiaS Best Western Premier Marina Las Condes Hotel

up : Av. Alonso de Cdérdova N° 5727
I s i R THE RADIOLOGICAL AND CLINICAL DIAGNOSIS OF Santiago, 75660927
Mario Lituania, Michelle Fink and Deborah Krakow SKELETAL DYSPLASIAS Chile

Hotel website
*Reduces rates are available for meeting attendees - ‘Limited vacancies’

We look forward to seeing you in Santiago!

EARLY BIRD REGISTRATION
Until

E S P R Ralph S Lachman and Sheila Unger

European Society of
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Radiological Diagnosis of Skeletal Dysplasias

REAM: ic 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)

<WHESP

European society of
Paediatric Radiology




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

Zoom
——

® Quality control

Brightness

® Positioning

® Cropping

® Contrast/brightness
® Age group allocation
® Diagnosis

European society of
Paediatric Radiology




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

<WHESP

European society of
Paediatric Radiology




Radiological Diagnosis of Skeletal Dysplasias

dREAMS: dynamic Radiological Electronic Atlas of Malformation Syndromes
Phase 2: Image Annotation

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

1.Descriptors
2.Associated diagnoses

Tac

Monkey Wrench/Swedish key N@

E S PR Desbuquois dysplasia

European Society of
Paediatric Radiology




Radiological Diagnosis of Skeletal Dysplasias

dREAMS: dynamic Radiological Electronic Atlas of Malformation Syndromes

Phase 2: Image Annotation

| GHOOSE TO BELIEVE

1.Descriptors -
2.Associated diagnoses 3;

WHATI|I WAS PROGRAMMED T0
BELIEVE

: : PR
ke i E S
) g

ean Society o

European Society of
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Radiological Diagnosis of Skeletal Dysplasias

dREAMS: dynamic Radiological Electronic Atlas of Malformation Syndromes

Phase 2: Image Annotation

®* dREAMS ontology
® Abnormality

Pl
_-'A---_In-__-'-ﬁA

S f@/vg?ﬁ odontoid peg
i

" alloping of lumbar vertebral bodies
igg0alloping of lumbar vertebral bodies

® Abnormalit may have a qualifier Igagmf helght of vertebral bodies = platyspondyly
y . “Loss of height of” capital femoral epiphyses = “flattening”

® Location
® Abnormality + Location = Feature
® Each feature has a unique dREAMS identifier

§ SESPR

i
it o Spéitaghsiipiyseal dysplasia
with progressive arthropathy




Radiological Diagnosis of Skeletal Dysplasias

dREAMS: dynamic Radiological Electronic Atlas of Malformation Syndromes

Phase 2: Image Annotation = =

Fetuss ACHONDROGENESIS TYPE 1A®

Logged in +5: Chriztne Hall v @ Patient Detail @
Fetus (11) age: Fetus

syndrome: ACHONDROGENES. ..

ACHONDROGENESIS Search Results 5 patieni(s) 11 image(s)
TYPE 1A (11

Patient Detail
Adolescent (1250) age:

Adult (1485) syndrome:

<G> babygram (8)
- ]l
Older child (3716)

Young child (3182) skull (2) ESDN-00683
ACHONDROGEMNESIS TYPE 1A

e-

Search Results 0 patient(s) 0 image(s) Ioweer limhs £7]

3 M SYNDROME (122) O
A PP .
PE 1A (11) AP (8)
ONDROGENESIS

- lateral (3)
ACHONDROGENESIS
TYPE Il (29)
ig:g:jggggig:: (405 ESDN-00683
SO-CAI I EN AND ACHOMDROGEMESIS TYPE 1A
_ ™)
abdomen (57) llac bones |'er
ankles {121) Curation _ ; ;
babygram (634) ischia (3)
base (22) Reference Patient long-bones (7)
bladder (1) age: Add Finding -
oran (76 I e i - oo
e (__AllFeatures ) o phalanges (4) rentiy Curation
EEN!LaI{D_Fd {Q_} _ .""'-Image Findings b | ribs Il’?'J] = i
cervical spine (353) . . : .
chest (1002) No findings available. short-long-bones (1) Reference Patient -
age:; Inamn
SKul-vauit (2) syndrome: _ .
AP (8171) soft tissues (6) B —
AP and Lateral (50) -

_ " AllFeatures )} L1yl
e terminal-phalanges (2) = |
PA (1607) image Findings )
imaging (‘302)

ateral (3718)

oblique (30) Draft (2} absent ossification skull-vault # absent ossification phalanges
Verified (6) absent ossification vertebral bodies |52 @ absent ossification skull-vault
1st metacarpals (109) O beaded ribs =400 absent ossification vertebral bodies
E S P ESDN-00137 (1) crescentic iliac bones 7 W shortlong-bones
R ESDN-00683 (o) cupped ribs 0 shortribs
ESDN-01272 (2) |
European Society of ESDN-01331 (1) N * oedematous soft tissues

Paediatric Radiology PATE77 (2)




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

<WHESP

European society of
Paediatric Radiology




Radiological Diagnosis of Skeletal Dysplasias

Genetic Analysis as the Gold Standard

Pediatr Radiol (2003) 33: 509-512 A
DOI 10.1007/s00247-003-0931-8 CASE REPORT

Amaka C. Offiah Paternal uniparental disomy 14: introducing

Luc Cornette

the “‘coat-hanger’ sign

RESEARCH ARTICLE AMERICAN JOURNAL OF
medical genetics

Segmental Paternal Uniparental Disomy (patUPD) of
14q32 With Abnormal Methylation Elicits the
Characteristic Features of Complete patUPD14

Melita D. Irving,i* Karin Buiting,2 Deniz Kanber,2 Celia Donaghue,3 Reiner Schulz,4 Amaka l]ffiah,5
Shehla N. Mohammed," and Rebecca J. Oakey*

1I:Iepartment of Clinical Genetics, Guy's Hospital, London, UK

E S P R 2|nstitut fur Humangenetik, Universitatsklinkum Essen, Essen, Germany
3Department of Cytogenetics, Guy's Hospital, London, UK

) “Department of Medical and Molecular Genetics, King's College London, Guy’s Hospital, London, UK
European S‘DCIE[}’ of Shcademic Unit of Child Health, Sheffield Children’s NHS Foundation Trust, Sheffield, UK

PEEdiﬂtriE Hﬂdiﬂmg‘j Received 18 August 2009; Accepted 22 March 2010




Radiological Diagnosis of Skeletal Dysplasias

"‘Reverse Radiology”

APPOINTMENT DATE ~ TIME: ~ . e ————

heffield Teaching Hospitals MM~ /&\ | equested For:
|/ X-RAY REQUEST e e
. _— . B —— - e 5tW§pber 2004
| P;‘-TIENT DETAILS : D‘@S O Private O Remarch [ .

Hospital No : | ‘ Research code '“EWE rlant(S) Of Un Known Si 0 N |f|Cance
‘ Surname NHS No !

First Name Parental contact : Home

I
Mobile ___

Address ‘ o - L -
' cons T oo o | NRIARN

Postcode Referrer Bleep / Ext No '

Date of Birth | Signature |

O Ma’.e [ Female | o | RequestEne _ - _ o —

Hospital Consultant

Cost Code:
<Unknown=>

| REQUESTED EXAMINATION :

} 3 iiadiisdsa b s ’*ﬁiﬁﬂ{??ﬁ L-n.‘w-:p:a:g-

;L&Bﬁkﬁﬁ e 55|"""I-""'-‘I’°’¢3?rh'
i i T Tﬁ ﬁ e T riad ufl__f.-:.l
Bk | i *.

CLINICAL DETAI

SHE A walimt
Rl

AL

.Rouﬁﬁe

/ U/
: Patient Transfer 0O BED CHAIR 0O WALKING 0O PORTABLE - Alert: NONE

ne

" RADIOGRAPHER REVIEWED FILM: O YES O NO | | __ o

psure performed by Exposure authorised by

| EXAMINATION kVp mAS Dose No. Films Comments
‘ iralor) ‘(radiologist)

ESPR | FRECtANCY STATUS s sioa rouremet o n e rverse o i fom DUNDENTS I
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Radiological Diagnosis of Skeletal Dysplasias

Collaboration is Key: 100K Genomes (MSK GeCIP) Project

® - (3er om..=3 574
™ Eng....J 121 S8

Our initiatives > 100,000 Genomes Project

’]® g resedadrc SV ' ( Al qvironment

Overview Getting your results Additional findings Parti

|

The impact of the prEgiaCIE . Cross

Disease Cutting
The 100,000 Genomes Project was a British initiative to ulp S
sequence and study the role our genes play iff health and LY HJ—[ ﬂ
disease. Recruitment was completed i 8,
although res sisis still ¢

Domains o 100K+
Our participants have already helped & Be results o
for many patients with rare diseases and canc%r. of data from the barticipants' genomes
Project turned into genomes sequenced by
; Dr Muhammad; l§|¢aﬁ§1léf¥ Hayald sequenced for the December 2018
MSK I

University of Oxford

European Socie Project

Paediatric Radic __




Radiological Diagnosis of Skeletal Dysplasias

Collaboration is Key: 100K Genomes (MSK GeCIP) Project

MSK Dr Muhammad Kassim Javaid
GeCIP University of Oxford

* £1.2M MRC-funded project

* “ldentifying 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)

European society of
Paediatric Radiology




Radiological Diagnosis of Skeletal Dysplasias

Collaboration is Key: 100K Genomes (MSK GeCIP) Project

'MSK Specific Disease subtype No. Cases Solved Unsolved

Osteogenesis Imperfecta 363 132 231 430 trios
Unexplained Skeletal Dysplasia 237 40 197 162 duos
Classical Ehlers-Danlos syndrome 116 11 105 223 singleton_s.
Kyphoscoliotic Ehlers-Danlos syndrome 50 10 40 63 larger families
Multiple Epiphyseal Dysplasia 33 12 21

Stickler syndrome 26 7 19

Radial Dysplasia 25 2 23

Choanal atresia 17 1 16

Chondrodysplasia punctata 9 1 8

Thoracic dystrophies 8 2 6

Total 884 218 666

i HESPR

European society of
Paediatric Radiology




Radiological Diagnosis of Skeletal Dysplasias

Collaboration is Key: 100K Genomes (MSK GeCIP) Project

A Family 1
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59 cases solved

34 genes

MDT clinical suspicion >20 years

Greig syndrome GLI3

(" Kantaputra mesomelic dysplasia HOXD )

N

Marfan’s FBN1

Novel /near novel genes
SCUBE3 — novel gene (Lin at al
2021)

PRKG2 — novel for phenotype,
(Pagnamenta et al 2021)

PKDCC -3 GEL Px, novel gene

for phenotype.
Only 2 prior reported cases for

PKDCC, PRKGZ2

Structural variants
Inversions (15 families)
FBN1 (5), GLI3 (2), EFTUD2,
PHEX, EXT2, EP300-TCF20,
HOXD
Translocated duplication PHEX

Deletions
TCOF, TRPS1, EFTUDZ2(2),

FBN1(4), EXT1(2), COL1A1 (2),
IHH(2), KDELR2(2), TBX4,

Non-coding variants
COL1A1
Splice site variant
6/511 cases — 1% vyield
5’ UTR pathogenic variant

IFITM5
5’UTR in 5 unrelated Ol
cases (further 1% yield)

Blended phenotypes

GLI3 & HOXA

skeletal & urogenital features
EP300-TCF20

Rubinstein Taybi, ILD

EXT2 & MITF

multiple bone exostoses &
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Radiological Diagnosis of Skeletal Dysplasias

Collaboration is Key: 100K Genomes (MSK GeCIP) Project

American Journal of Medical Genetics 128A:6-11 (2004)

Kantaputra Mesomelic Dysplasia: g 8'% fﬁglg SRES:
A Second Reported Family : ﬁ;} %LI g IH 88%%@@
sl ﬁé#ﬁ% 2l

Deborah J. Shears,! Amaka Offiah,” Paul Rutland,’ Tony Sirimanna,” Maria Bitner-Glindzicz,'*
and Christine Hall®

Homozygous HSPGZ2 mutation = Schwartz-Jampel

i HESPR

European Society of
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Radiological Diagnosis of Skeletal Dysplasias

Radiological Parameters as Objective End Points in Drug Trials

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

- Pediatric Radiology
el https://doi.org/10.1007/500247-022-05348-0

Client Browse >®> Custon

ORIGINAL ARTICLE

Sponsor
BioMarin Pharmac

Protocol o ofe
svn1ii200  gpserver reliability
b Nathan Jenko'

Efficacy Review As

Efficacy Review As

The (extended) achondroplasia foramen magnum score has good

- Daniel J. A. Connolly'? - Ashok Raghavan? - James A. Fernandes? - Shungu Ushewokunze?
Heather E. Elphick? - Paul Arundel? - Utku Alhun' - Amaka C. Offiah*3

|
_T_
[BiLLLLL

ReadVisit: Visit 02
Code: 14191

Case: 1654-0017
Visit: week 26
St.Date: 5/12/2022
SerDate: 5/12/2022
022/05/12

- 14:16:03

:15:48 PM
:28:11 PM

Eligibility Review A:
Table 1 The achdhdroplasia foramen magnum score (AFMS) and extended AFMS (eAFMS) scores
——— . - eAFMS
14191 : . : C
16730 0 Normal appearances of the craniocervical junction 0  Normal appearances of the craniocervical junction
1 Mild narrowing of the craniocervical junction 1  Mild narrowing of the craniocervical junction
2 Effacement of CSF signal at the craniocervical junction 2a Narrowing of the craniocervical junction, which effaces CSF signal
b posterior to the cord
idid Tim‘*pﬂ_i”t 2b  Narrowing of the craniocervical junction, which effaces CSF posteriorly
1 __ Screening and anteriorly
2 week26 . . . . . . .
2c  Narrowing of the craniocervical junction, which effaces CSF circumfer-
entially
3 Indentation of the cervical spinal cord 3a Remodelling (visible indentation) of the cervical spinal cord, CSF signal
Document remains present
3b Remodelling (visible indentation) of the cervical spinal cord, CSF signal
is effaced
4 Myelopathic T2 signal change in the cervical spinal cord 4a Myelopathic T2 signal change, CSF signal remains present
SR images [ Ftachm: 4b Myelopathic T2 signal change, CSF signal is effaced

St.Desc:
_TSE sag
2 Sagittal
al Systems

CSF cerebrospinal fluid

ESPR

European society of
Paediatric Radiology

long-term therapy might be.

| waip, gl | | seweip | isi op

achondroplasia. It is not known whether final adult height will be increased, or what the harms of

Lifetime impact of achondroplasia: Current evidence and perspectives on the
natural history.

Hoover-Fong J, Cheung MS, Fano V, Hagenas L, Hecht JT, Ireland P, Irving M, Mohnike K
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