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COMMITTEE

Past Presidents of the ESCFS

Bengt Johansson 1984-1985

Ernesto Caronni 1985-1986

Michael Poole - Henry Goldin 1986-1987

Jacques Van der Meulen 1987-1988

Hans Anderl- Wolfgang Muhlbauer 1988-1990

Casimir Kobus 1990-1992

Menachem Wexler 1992-1994

Claes Lauritzen 1994-1996

Daniel Marchac 1996-1998

Barry Jones 1998-2000

Alexander Stratoudakis 2000-2002

Denys Montandon 2002-2004

Steve Wall 2004-2006

Phillipe Pellerin 2006-2008

Leon van Adrichem 2008-2010

Robert Olsson 2010-2012

Eric Arnaud 2012-2014

Stephen Dover 2014-2016

Kanaris Panagopulos 2016-2018

David Johnson 2018-2022

Past ESCFS conferences

1984 Paris (FRANCE) 

1984 Göteborg (SWEDEN) 

1986 Milano (ITALY) 

1987 Oxford-Birmingham (UNITED KINGDOM) 

1988 Rotterdam (THE NETHERLANDS) 

1990 Munich - Innsbruck (GERMANY) 

1922 PolanickZdro (POLAND) 

1994 Jerusalem (ISRAEL) 

1996 Göteborg (SWEDEN) 

1998 Paris (FRANCE) 

2000 London (UNITED KINGDOM) 

2002 Athens (GREECE) 

2004 Geneva (SWITZERLAND) 

2006 Oxford (UK) 

2008 Lille (FRANCE) 

2010 Rotterdam (THE NETHERLANDS) 

2012 Götenburg (SWEDEN) 

2014 Paris (FRANCE) 

2016 Birmingham (UNITED KINGDOM) 

2018 Athens (GREECE) 

2022 Oxford (UK)

The European Society of Craniofacial Surgery (ESCFS) was 
founded in 1984, at the initiative of Daniel Marchac from 
Paris. It was set up to help European Craniofacial teams to 
meet on a regular basis, to visit their center and to serve as 
a forum of scientific discussion. 

The constitutive meeting was held in Paris in January 1984. 
The Bylaws were adopted and Bengt Johansson elected 
as first President, Daniel Marchac being the Secretary 
General and Dominique Renier the treasurer. There were 23 
founding members. The first meeting was held in Goteborg 
in November 1984, and hosted by Bengt Johansson. The 
format adopted initially involved live demonstrations by 
the hosting team, short, informal presentations focusing on 
discussion of new techniques, difficult cases, problems and 
complications. 

At first, it was planned to organise one meeting every year. 
It soon appeared that it was better to have a meeting 
every second year, alternating with the International 
Society of Craniofacial Surgery meeting, during which is 
held only a business meeting of the ESCFS.

History of the ESCFS
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Dear ESCFS Members, Colleagues and Friends 

It is my pleasure to welcome you to the European Society 
of Craniofacial Surgery (ESCFS) Biennial Meeting to be held 
in Oxford, UK on 23rd & 24th September 2022. 

As you are aware this meeting was originally scheduled in 
September of 2020 but the events of Covid-19 necessitated 
a postponement of the meeting. The pandemic has 
had a huge impact on all of us, both personally and 
professionally, but thanks to the success of the vaccination 
programme we are able to hold the meeting face to face. 

The historic city of Oxford, known as the “City of Dreaming 
Spires”, is famous for the prestigious University of Oxford, the 
oldest university in the English-speaking world. The University 
of Oxford has educated many notable alumni, including 
50 Nobel Laureates, 26 British Prime Ministers of the United 
Kingdom, over 50 Olympic medal winners and 12 Saints! 
Some of the world’s most famous novelists, philosophers, 
thinkers and writers have studied here and many of today’s 
world-class statesmen, business people, scientists and artists 
have been inspired by an Oxford education. The University 
of Oxford is currently ranked as the world’s number one 
university, according to The Times Higher Education World 
University Rankings. 

The scientific programme of this meeting will cover not 
only the complex surgical treatment of craniofacial 
conditions but also the holistic non-surgical multidisciplinary 
management of these conditions. Specifically, in the 
management of craniosynostosis, we will debate the latest 
surgical techniques and outcome data relating to both 
isolated and syndromic conditions. 

In addition, one of our mission aims is to try to increase the 
number of craniofacial units in Europe, and to encourage 
the true multidisciplinary aspect of this speciality in other 
countries. In order to do this we will be working together 
closely with the Craniofacial ERN (European Reference 
Network) to encourage craniofacial training throughout 
Europe. 

The conference will take place at the Mathematical 
Institute; Oxford’s newest and largest purpose-built venue 
located only a few minutes’ walk from the town centre. The 
Institute is adjacent to the former Radcliffe Infirmary, where 
Penicillin underwent its first clinical testing on patients in 
1941, following its successful isolation and purification in 
Oxford by Lord Florey and his team. A formal photograph 
of the conference delegates will take place outside this 
building at lunchtime on Friday 23rd September. 

In addition to the scientific programme, we have prepared 
a memorable social event. This year’s meeting will start 
with a welcome meal on the evening of Thursday 22nd 
September at The Divinity School, a magnificent historic 
venue and part of the Bodleian Library, the largest 
university library in the UK. The Divinity School is the 
university’s oldest teaching and examination room, dating 
from the 1500s, and is a masterpiece of English Gothic 
architecture. The meal will be preceded by a preliminary 
tour of the 15th century Duke Humfrey’s Library, the oldest 
medieval reading room in the Bodleian Library and used as 
the Hogwarts Library in the Harry Potter films. 

The formal Gala of the ESCFS will be held on the evening 
of Friday 23rd September when there will be a drinks and 
canapés reception at the Natural History Museum. This 
is located in a large neo-Gothic building holding the 
University of Oxford’s zoological, entomological and 
geological specimens. Amongst its collections are the 
skeletons of a Tyrannosaurus Rex and the most complete 
remains of a dodo found anywhere in the world. After this, 
and following a short walk, the evening meal will be held 
in the impressive Grand Hall in Balliol College, founded in 
1263, making it one of the oldest colleges in Oxford. 

I would like to warmly welcome all delegates and speakers 
coming from many parts of the world and offer my grateful 
thanks to our sponsors for their valuable financial support. 

It is my hope that this conference will augment and 
expand the European interest in Craniofacial Surgery and I 
am delighted that the meeting will be held in Oxford, at a 
time when the Oxford Craniofacial Unit celebrates its 42th 
anniversary of foundation. 

I hope you have a most rewarding and inspirational 
experience, and enjoy meeting old and new friends during 
your stay. 

Yours Sincerely,

David Johnson MA (Cantab);  
BM BCh (Oxon); DM (Oxon); FRCS (Plast)  

President of the European Society  
of Craniofacial Surgery (ESCFS)  
Director of the Oxford Craniofacial Unit (OCU)   
Hunterian Professor of the Royal College of Surgeons  
of England   
Consultant Plastic, Reconstructive 
and Craniofacial Surgeon 

LETTER FROM THE PRESIDENT
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GENERAL INFORMATION

Venue
Mathematical Institute 
University of Oxford

Andrew Wiles Building 
Radcliffe Observatory Quarter 
Woodstock Road 
Oxford 
OX2 6GG

Insurance

Delegates are advised to take out travel insurance 
to cover medical expenses, accidents, loss, etc. No 
responsibility will be accepted by the Congress Organisers. 

Presentation Upload, Registration  
& Opening Hours 

Thursday 22 September 16.00 – 18.00

Friday 23 September 07.15 – 18.00

Saturday 24 September 07.15 – 18.00

CME Credits

This conference has applied for UEMS CME, this is currently 
under review with UEMS and once a decision has been 
made we will send an e mail with the information.

Through an agreement between the European Union 
of Medical Specialists and the American Medical 
Association, physicians may convert EACCME® credits to 
an equivalent number of AMA PRA Category 1 Credits™. 
Information on the process to convert EACCME® credits 
to AMA credits can be found at www.ama-assn.org/
education/earn-credit-participation-international-
activities.

Live educational activities occurring outside of Canada, 
recognised by the UEMS-EACCME® for ECMEC® credits 
are deemed to be Accredited Group Learning Activities 
(Section 1) as defined by the Maintenance of Certification 
Program of the Royal College of Physicians and Surgeons 
of Canada.

Each delegate should contact their national CME body 
directly in order to claim their credits for the meeting.

WIFI

How to connect to the Cloud WiFi 
1. Switch on your smartphone, tablet or laptop and 

check that WiFi is enabled.

2. Select ‘_The Cloud’ from the available network list.

3. Open your internet browser - the venue landing page 
will appear. If it does not, type in bbc.co.uk 

4. If it is your first time using The Cloud WiFi network, 
follow the simple one-time registration process by 
sharing some simple details.

5. Once registered you can access the internet via  
The Cloud

Uploading of Presentations

Participants are advised to upload their presentation well 
in advance of their session to the computer in the speaker 
room. It will not be possible to use a personal laptop. 
Speakers can upload their presentations from Thursday 
afternoon at the Institute of Mathematics.

Posters

Posters will be displayed electronically on terminals 
located in the Exhibition Area. View the list of posters on 
pg 65

Parking

There is no parking at the Institute of Mathematics. 
Delegates are advised to use public transport or to walk.
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Mr James Allison

UK

James Allison is Chief Technical Officer of 
the Mercedes-AMG Petronas Formula One 
Team. Shortly after graduating from the 
University of Cambridge in 1991, he started 
his career in motorsport at Benetton. He 
achieved Championship success at the 
team in 1994 and 1995 and was made 
Head of Aerodynamics in 1997.

He left to join Ferrari in 1999 as Trackside 
Aerodynamicist, playing an important role 
in the Maranello-based squad’s run of six 
consecutive Constructors’ titles between 
1999 and 2004. He switched to Renault for 
2005, joining as Deputy Technical Director, 
adding two more titles to his tally before 
taking on the role of Technical Director from 
2009 onwards. In 2013, he made the move 
back to Ferrari as Technical Director.

James joined Mercedes ahead of the 2017 
F1 season as Technical Director and has 
played a crucial part in taking the team to 
five Constructors’ Championships and four 
Drivers’ titles.

Mid-way through 2021, James began a 
newly created role as Chief Technical 
Officer. With the CTO role, James 
has stepped back from day-to-day 
management of the F1 technical 
operations, turning his energy and 
attention to helping the team meet the 
strategic challenges of the sport’s new 
era, while continuing to work closely with 
the technical leadership at Brackley and 
Brixworth to ensure the team always has the 
right capability to meet its needs.

Dr Eric Arnaud

FRANCE

Eric Arnaud, 60 years old, has completed 
a full training in Plastic Surgery, after being 
board-certified in General Surgery. He 
worked in the Plastic Surgery Unit of Saint-
Louis Hospital in Paris, with Jean-Marie 
Servant, in the capacity of “Chef de 
Clinique” until 1998.

He developed a major interest in 
Craniofacial Surgery, for which he has 
trained with both Daniel Marchac and 
Dominique Renier in Paris. He has also 
trained in 1993 with Fernando Ortiz-
Monasterio in Mexico, and Ken Salyer in 
Dallas. He joined the craniofacial team in 
Paris in 1999.

He has been the co-director of the 
craniofacial Unit in Hopital Necker Enfants 
Malades in Paris since 2008.

Eric Arnaud is the author or co-author 
of more than 200 national, international 
publications, book chapters, and editor of 
three books on Plastic Surgery specifically, 
the techniques of Plastic Surgery related 
to Distraction Osteogenesis after the 
international Distraction meetings in Paris, 
in 2001, 2003, 2006. He has presented 
more than 200 communications at various 
international meetings, half of them being 
invited lectures.

Dr. Arnaud is a member of the International 
Society of Craniofacial Surgery (ISCFS) since 
1999, of the Brazilian Society of Craniofacial 
Surgery, the Argentinian society of Plastic 
Surgery, the European Association of plastic 
Surgeons (EURAPS). He served as secretary 
of the European Society of craniofacial 
surgery (ESCFS) and served as president 
(2011-2013). Meanwhile he served as 
secretary of ISCFS (2007-2015) and more 
recently he was ISCFS president (2017-2019) 
and organized the XVIIIth International 
congress in Paris in September 2019.

Eric Arnaud’expertise deals with 
the complex management of 
faciocraniosynostotic conditions. The 
cohort of craniosynostotic patients followed 
in the craniofacial Unit in Necker since 1976 
deals with more than 5500 patients.

Dr Scott P. Bartlett

USA

Scott P. Bartlett, M.D.,is well known for his work 
in facialplasticsurgery in children and adults, 
treating them for both reconstructive and 
cosmetic concerns. In his reconstructive work, 
Dr. Bartlett treats patients with facial trauma, 
facial palsy, congenital abnormalities and 
defects of the face following skin cancer 
surgery. In the area of cosmetic surgery, he 
has special interestsin the face and neck, 
concentrating on nasal, eyelid and facial 
rejuvenation procedures. In additionto surgical 
treatments, Dr. Bartlett uses injectables and 
fillers, laser resurfacing, and state-of-the art 
implant materials. By combining his expertise in 
infant and adult reconstruction with aesthetic 
procedures, he is able to marry form and 
function in restoration.

Dr. Bartlett is a member of the Edwin 
and Fannie Gray Hall Center for Human 
Appearance, a team of specialists dedicated 
to improving ways of treating appearance 
related problems.He is also the holder of the 
Peter Randall Endowed Chair in Pediatric 
Plastic Surgery and of the Friends of Brian 
Endowed Chair in Pediatric & Reconstructive 
Surgery at the Children’s Hospital of 
Philadelphia. His research is directed to 
learning the effects of aging on the structure 
of the face and refining methods of facial 
reconstruction. His other research interests 
include growth and development of the face 
and implant materials. He is widely published in 
specialty journals and books.

Dr. Bartlett lectures worldwide and is a member 
of prestigious plastic surgery societies such as 
the American Association of Plastic Surgeons, 
the American Society of Plastic Surgeons and 
the International Society of Craniomaxillofacial 
Surgery, of which he is a former President. 
He is a fellow of the American College of 
Surgeons and the American Academy of 
Pediatrics. He is the Section Editor in Pediatric 
/ Craniofacial for Plastic and Reconstructive 
Surgery, the most widely read journal in the 
specialty. Each year he travels to Poland in a 
volunteer capacity where he performs surgery 
and trainsPolish physicians in methods of facial 
reconstruction for children and adults.

Dr. Bartlett is the Mary Downs Endowed Chair 
in Craniofacial Surgery at Children’s Hospital 
of Philadelphia and is a Professor of Plastic 
Surgery at the University of Pennsylvania 
Medical Center. He completed his pre-
medical studies at Weber State College in 
Utah and his medical studies at Washington 
University School of Medicine in St. Louis, 
Missouri. He interned and did his surgical and 
plastic surgery residencies at Massachusetts 
General Hospital in Boston. At Harvard 
University, he was a research fellow in surgical 
immunology and later a craniomaxillofacial 
and pediatric fellow at the University of 
Pennsylvania Medical Center and Children’s 
Hospital of Philadelphia. He is board certified in 
Plastic Surgery.

GUEST SPEAKERS 
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GUEST SPEAKERS 

Dr Federico Di Rocco

FRANCE

Director of the French National Referral 
Center for Craniosynostosis of Lyon. Full 
professor of Neurosurgery at the University 
of Lyon, France. Chairman of the Pediatric 
Neurosurgical Department at the Hôpital 
Femme Mère Enfant of Lyon, France. 
Secretary of the European Society for 
Craniofacial Surgery (ESCFS). Chairman of 
the Education Committee of the European 
Society for Pediatric  Neurosurgery (ESPN) 
and past chairman of the ISPN Education 
Committee. Treasurer of the Société de 
Neurochirurgie de Langue Française.

Dr. Di Rocco’s main fields of interest 
are craniosynostosis, congenital CNS 
malformations, antenatal treatment of 
spinal dysraphisms, hydrocephalus, cranio-
cervical junction anomalies, cerebral and 
spinal tumors, and traumas.

He is author of more than 200 articles 
published in peer reviewed international 
journals and chapters in neurosurgical 
textbooks.

Prof David Dunaway

UK

David Dunaway currently leads a 
craniofacial unit at Great Ormond Street 
Hospital London. His principle clinical role 
is in the management of craniosynostosis 
with a particular interest in craniofacial 
distraction. He has been involved in the 
separation of four sets of craniopagus twins.

He is Professor of Craniofacial surgery in 
the Great Ormond Street Institute of Child 
Health at University College London. His 
research interests are centred around 
geometric morphometric analysis, machine 
learning in craniofacial diagnosis and 
surgical planning and patient specific 
distraction devices.

In 2016, David was awarded a CBE in the 
Queen’s Birthday Honours list for services to 
facial surgery.

Throughout his career, David has been 
actively involved in working and teaching 
in Africa. He is a Trustee of Facing 
Africa, a British charity treating children 
from developing world countries with 
Craniofacial Deformity.

Dr. Richard Hopper

USA

Dr. Richard Hopper is the Marlys C. 
Larson Endowed Professor in Paediatric 
Craniofacial Surgery at the University of 
Washington. He is Chief of the Division of 
Craniofacial and Plastic Surgery at Seattle 
Children’s Hospital and Surgical Director 
of the Craniofacial Center. His clinical 
practice focuses on the surgical treatment 
of craniosynostosis, cleft lip and palate, rare 
and severe birth deformities of the bones 
and soft tissues of the face, with a sub-
focus on subcranial distraction procedures 
for complex upper airway obstruction. His 
research interests include image based 
outcome studies for craniosynostosis and 
complex craniofacial procedures as well 
as device design for cleft and craniofacial 
care. Dr. Hopper is the current President of 
the ISCFS and past President of ASCFS. He 
serves on the SmileTrain Global Medical 
Advisory Board and is co-sponsor of the 
Partners in African Cleft Team Training 
program that has worked with African cleft 
teams in Ghana, Nigeria and Ethiopia.

Mr. Shailendra Magdum

UK

Shailendra Magdum is a Fellow of the 
Royal College of Surgeons, fully qualified 
Neurosurgeon from India (MCh) and UK 
and licensed to practise Neurosurgery by 
the GMC.

Mr. Magdum is currently employed as 
a Consultant Paediatric Neurosurgeon 
to the Oxford Radcliffe Hospitals NHS 
Trust. His practice is predominantly 
paediatric neurosurgery and craniofacial 
neurosurgery. Mr. Magdum has particular 
expertise in craniosynostosis/craniofacial/
Chiari malformations surgery and midline 
paediatric tumours. His expertise is 
based on his clinical practise, serving in 
Africa for the last 5 years doing complex 
encephalocele repairs.

Mr. Magdum has written numerous case 
reports on unique presentations and 
complications along with a review article in 
BMJ on Chiari 1 malformations.

Dr. Pravin K. Patel

USA

Dr. Pravin K. Patel is the Professor and Chief 
of the Division of Plastic and Reconstructive 
Surgery at the University of Illinois at 
Chicago. He is Director of the Craniofacial 
Center and Heads the Pediatric Plastic 
and Craniofacial Service.   He took a 
circuitous route to becoming a surgeon.  
He started his career as an electrical 
engineer in quantum electrodynamics, 
worked in industry in laser optics, followed 
by graduate studies in physics and 
mathematics.  With his background in 
electrical engineering and computer 
science, he directs a University of Illinois 
Research Start-up, ImmersiveTouch, Inc., 
which focuses on  developing virtual reality 
platform that optimizes digital imaging and 
surgical planning.

Dr. Mamoon Rashid

PAKISTAN

Dr. Mamoon Rashid is Professor of Plastic 
Surgery and Programme Director at Shifa 
Hospital in Islamabad. His main interest is 
complex Head and Neck reconstruction 
for cancer, after trauma and for congenital 
problems. 

He is a past President of the Pakistan 
Association of Plastic Surgeons and Pakistan 
Society for Surgery of the Hand.  

He has delivered more than 200 talks 
at National and International meetings 
including the McIndoe lecture at the 
2021 BAPRAS meeting. He has published 
60 papers in peer reviewed journals and 
written chapters in three books. 

He is a recipient of the BJPS Prize, the 
Norman Rowe Foundation award, the 
Sitara e Eisaar (The star award for sacrifice) 
for his work during the Kashmir Earthquake 
in 2005. 
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Dr Fintan Sheerin

UK

Dr Fintan Sheerin MA, MB, Bchir, MRCP FRCR, 
is a scholar of St Catharine’s College in 
Cambridge University where he qualified in 
1999. He subsequently trained in General 
Medicine in Oxford, Neurology at Queens 
Square and then in Clinical Radiology 
in Oxford. In 2008 Dr Sheerin undertook 
the Fellowship in Neuroradiology at the 
John Radcliffe Hospital in Oxford, with 
sub speciality focus on craniofacial, skull 
base and head and neck imaging. In 
2010 he was appointed as a Consultant 
Neuroradiologist in Oxford University 
Hospitals NHS Foundation Trust. He has been 
the Clinical Lead for Neuroradiology since 
2018.

Dr Sheerin’s research interests focus on the 
translation of advances in neuroimaging 
to clinical applications relevant to the 
imaging of stroke, neuroinflammatory and 
craniofacial disorders. He is the principle 
investigator of an ongoing retrospective 
Oxford trial correlating quantitative imaging 
parameters with clinical phenotypes and 
outcomes in patients with craniosynostosis. 
Dr Sheerin was awarded the 2013 
Burrows Prize by the British Society of 
Neuroradiologists.

Sir Andrew Pollard

UK

Sir Andrew Pollard is Director of the Oxford 
Vaccine Group in the Department of 
Paediatrics at the University of Oxford and 
an honorary consultant paediatrician at 
Oxford Children’s Hospital and Fellow of St 
Cross College. He received a knighthood 
in the Queen’s Birthday Honours in 2021 for 
services to Public Health, especially in the 
pandemic.

His research includes the design, 
development and clinical evaluation 
of vaccines in UK, Asia, Africa and Latin 
America, including those for COVID-19, 
typhoid, meningococcus, Haemophilus 
influenzae type b, pneumococcus, plague, 
pertussis, influenza, rabies, coronavirus and 
Ebola, and leads studies using a human 
challenge model of paratyphoid and 
typhoid. He was the chief investigator for 
the clinical trials of the Oxford-AstraZeneca 
COVID-19 vaccine in 2020, which led 
to authorisation of the vaccine for use 
in more than 175 countries with over 2 
billion doses distributed by the end of 
2021. He has supervised 37 PhD students 
and his publications includes over 500 
manuscripts and books on various topics 
in paediatrics and infectious diseases. 
He chairs the UK Department of Health 
and Social Care’s Joint Committee on 
Vaccination and Immunisation, and was 
a member of WHO’s Strategic Advisory 
Group of Experts 2016-2021. He chaired 
the Scientific Advisory Group on Vaccines 
at the European Medicines Agency from 
2012-2020. He was Vice-Master of St Cross 
College, Oxford, 2017-2021. He received 
the Bill Marshall Award of the European 
Society for Paediatric Infectious Disease 
(ESPID) in 2013, the ESPID Distinguished 
Award for Education and Communication 
in 2015 and the Rosén von Rosenstein 
medal in 2019 awarded by the Swedish 
Paediatric Society and the Swedish 
Society of Medicine. He was elected to 
the Academy of Medical Sciences in 2016 
and was awarded honorary membership 
of the British Society for Immunology in 
2021. He previously chaired the scientific 
panel of the Spencer Dayman Meningitis 
Laboratories Charitable Trust (2002-2006) 
and was a member of the scientific 
committee of the Meningitis Research 
Foundation (2009-2014) and is currently 
chair of trustees of the Knoop Trust, and a 
trustee of the Jenner Vaccine Foundation 
and the Oxford Philharmonic Orchestra.

Prof. Irene Mathijssen

NETHERLANDS

Irene Mathijssen is full Professor and 
Head of the Department of Plastic and 
Reconstructive Surgery, Erasmus Medical 
Centre, Rotterdam, The Netherlands. 
Prof Mathijssen’ research focuses on 
congenital craniofacial anomalies, 
specifically craniosynostosis, rare facial 
clefts, craniofacial microsomia and facial 
dysostosis. She is reviewer for Plastic 
and Reconstructive Surgery, Journal of 
Plastic, Reconstructive, and Aesthetic 
Surgery, and the Journal of Craniofacial 
Surgery Management. Prof Mathijssen is 
Coordinator of the European Reference 
Network on Rare Craniofacial Anomalies 
(2016-present).

She is Past-chair of the twenty-four 
coordinators of the European Reference 
Network (2019-2021) and Secretary-
Treasurer of the International Society of 
Craniofacial Surgery (2013-present). Prof 
Mathijssen is the author of 180 International 
peer-reviewed articles and four book 
chapter on craniofacial anomalies. She is 
establishing two expert centres to centralise 
care in The Netherlands for patients with 
craniosynostosis.

GUEST SPEAKERS 
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GUEST SPEAKERS 

Dr Gianpiero Tamburrini

ITALY

Gianpiero Tamburrini has been a 
permanent Associate Professor in 
Pediatric Neurosurgery, Institute of 
Neurosurgery at the Catholic University 
Medical School in Rome since 2017. 
National qualified, Full Professor of 
Neurosurgery at the same university and is 
Chair of the Pediatric Neurosurgery Unit at 
the Fondazione Policlinico Gemelli IRCCS.

Dr. Tamburrini is President elect of 
the European Society for Pediatric 
Neurosurgery (2018-2020). He is on the 
Advisor Membership Committee of the 
ISPN, associate editor and main editor for 
the journal entitled Child’s Nervous System 
in the section of, “Controversy in Pediatric 
Neurosurgery” whilst being author/
coauthor to 191 peer reviewed impacted 
international papers and of 30 chapters 
of scientific books. He has participated 
as Faculty to more than 50 International 
Pediatric Neurosurgery Courses (ESPN, 
ISPN, WFNS, IFNE) giving 140 lectures.

Dr. Jesse Taylor

USA

Dr. Taylor is the Peter Randall Endowed 
Chair and Chief of the Division of Plastic 
and Reconstructive Surgery at Children’s 
Hospital of Philadelphia (CHOP), 
specializing in the treatment of children 
and adolescents with congenital and 
acquired differences of the face and skull. 
He currently acts as Co-Director of CHOP’s 
Cleft and Craniofacial programs, and 
Director of the University of Pennsylvania/
CHOP Craniofacial Fellowship Program.  Dr. 
Taylor focuses his practice on enhancing 
the appearance and functionality of the 
face and skull in children and adults. He 
specializes in craniosynostosis surgery, jaw 
surgery, surgery for facial asymmetries, 
cranial reconstruction, cranio-maxillo-facial 
distraction osteogenesis, and complex 
facial reconstruction.

Prof. Andrew Wilkie

UK

Prof. Andrew Wilkie has been an Honorary 
Consultant in Clinical Genetics at the 
Oxford University Hospitals NHS Trust since 
1993 and Nuffield Professor of Pathology 
at the University of Oxford since 2003. In 
collaboration with the team at the Oxford 
Craniofacial Unit, his clinical research aims 
to identify the molecular genetic basis of 
craniofacial malformations, particularly 
craniosynostosis. Work on Apert syndrome 
has led to fundamental discoveries 
concerning the mechanisms of mutation 
associated with paternal age effects. In 
recognition of these discoveries Andrew 
has been elected FMedSci, FRS and to 
membership of EMBO.

Prof. Caroline Wilkinson

UK

Caroline Wilkinson became the 
Institutional Lead for Forensic Research 
Strategy in 2022, after almost 8 years 
as Director of Liverpool School of Art & 
Design. Caroline is a chartered forensic 
anthropologist Level I (craniofacial 
specialism) by the Royal Anthropological 
Institute (RAI) and is an experienced 
forensic practitioner.

Caroline is Director of Face Lab, a LJMU 
research group that carries out forensic/
archaeological research and consultancy 
work including craniofacial analysis, facial 
depiction and forensic art. Craniofacial 
analysis involves the depiction and 
identification of unknown bodies for 
forensic investigation or historical figures 
for archaeological interpretation. 
Face Lab research relates to facial 
identification, craniofacial reconstruction, 
preserved bodies and facial animation.

Dr. Eppo Wolvius

NETHERLANDS

Eppo Wolvius is currently chair of the 
Department of Oral & Maxillofacial Surgery, 
Special Dental Care and Orthodontics 
of the Erasmus University Medical Centre 
Rotterdam, The Netherlands. He is a team-
member of the Dutch Craniofacial Centre 
Rotterdam. He holds a position as chair 
of the AOCMF Research & Development 
Commission, based Dubendorf/Davos, 
Switzerland. He is Chair of the Dutch ITI 
Section. For the International Journal of Oral 
& Maxillofacial Surgery, he is Section Editor 
for the Trauma Section. He regularly (daily/
weekly) reviews manuscripts for various 
Journals.
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9.45 Guest Speaker 
 Eppo Wolvius NETHERLANDS 

Orthognathic Surgery in Craniofacial Anomalies

10.00 Discussion

10.05  Gökhan Tuncbilek TURKEY 
Long Term Results of the Fronto-Orbital Segment 
Distraction as A Nonvascularised Bone Graft

10.10  Greg Thomas UK 
Fronto-Orbital Advancement and Remodelling 
with Distraction: The Oxford Experience

10.15  Liana Cheung USA 
Radiation Safety in Craniosynostosis Surgery: 
Efficacy of Industry Improvements

10.18  Junnu Leikola FINLAND 
The Use of O-Arm Imaging in Craniosynostosis 
Surgery

10.21 Discussion

10.30 – 11.00  

Coffee Break

11.00 – 13.00  

Session 2: Science & Innovation

Chairpersons:  Andrew Wilkie UK  
 Roman Khonsari FRANCE

11.00 Guest Speaker 
 Andrew Wilkie UK  

Clinical Genetics of Craniosynostosis – Current 
Status and Future Prospects

11.15 Discussion

11.20  Ce Liang UK 
Characterising Normal Craniofacial Growth to  
4 years of Age

11.25  Griffin Bins USA 
Cranial Defect Reconstruction with Custom 
3D-printed Hydroxyapatite Scaffolds: A Large 
Pre-Clinical Model

11.28  Alexandra Topa SWEDEN  
WGS/WES as Unique Diagnostic Tool for the 
Genetic Screening Patients with Syndromic Forms 
of Patients of Craniosynostosis

11.33  Steve Twigg UK 
Cellular Structure of the Coronal Suture: Insights 
into Normal and Abnormal Function

11.38  Discussion

11.45 Guest Speaker
 Caroline Wilkinson UK 

Depicting the Dead: Craniofacial Analysis in 
Forensic and Archaeological Investigation

FRIDAY 23 SEPTEMBER

08.00          

Welcome and Opening Remarks 

David Johnson UK (ESCFS President) 

08.15 Guest Lecture 

Andrew Pollard UK 

 Covid-19 and the Oxford Vaccine 

08.45 Discussion

08.50 – 10.30

Session 1: General Aspects of 
Craniofacial Conditions 1

Chairpersons: Dylan Murray IRELAND 
 Daniel Nowinski SWEDEN

08.50 Guest Speaker
 James Allison UK  

The value of failure

09.05 Discussion

09.10 Samer Haber FRANCE 
Oxycephaly Management:  
Retrospective Study About 28 Patients

09.15 Eleanor McGovern IRELAND 
Dental needs Assessment in a Paediatric 
Craniofacial Population at the National Paediatric 
Craniofacial Centre in Ireland

09.18  Helen Sanders UK 
Oral Health and Access to Care for Children with 
Craniofacial Anomalies: A Comparison of Two 
Units.

09.21  Moath Shummo OMAN 
An In House 3D Printing Lab: An Everyday Modern 
Craniofacial Surgeon’s Skill

09.24  Discussion

09.30 Jordan Swanson USA 
Single Segment Neo-Bandeau Fronto-Orbital 
Advancement in Children with Craniosynostosis: 
Technique Adaptation and Craniometric Analysis

09.33 Federico Di Rocco FRANCE 
0NIRS (Near InfraRed Spectroscopy) Applied 
During the Surgical Correction of Craniosynostosis 
to Analyse Perioperative Modifications

09.36 Giovanna Paternoster FRANCE 
“Therapeutic patient education - TPE”: A New 
Approach for Patients, Parents and Siblings to 
Face Complex Surgery

09.39 Discussion
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12.00 Discussion

12.05  Mariangela Meyer IRELAND  
Identification of Intracellular Signalling Associated 
to Premature Cranial Suture Ossification in 
Children with Non-Syndromic Craniosynostosis

12.10  Lars Kolby SWEDEN 
In Vivo MRI Reveals Functional Vascularization of 
Gridded 3D Bioprinted Cartilaginous Constructs

12.15  Soh Nishimoto JAPAN 
Automatic Location Systems for Anatomical 
Landmarks

12.20  Conor Cross UK  
A Computational Framework to Optimise the 
Management of Sagittal Craniosynostosis

12.25 Discussion

12.35  Eduardo Calpena UK 
Rearrangements at Chromosome 1p31.3: A New 
Causal Locus for Craniosynostosis

12.40  Federica Tiberio ITALY 
Innovative Non Invasive Therapeutic Approach 
for Crouzon Syndrome Through FGFR2 Gene 
Knockdown by Recombinant Human Ferritin-
Based Targeted siRNA Delivery

12.45  Yoshiaki Sakamoto JAPAN 
Practical Use of Augmented Reality in 
Craniofacial Surgery

12.50  Alessandro Borghi UK 
A Prototype To Measure Distraction Forces During 
Frontofacial Advancement

12.53 Discussion

13.00 – 13.35  

Lunch

13.35 – 13.55  

Group Photograph of Delegates

Radcliffe Humanities Building  
(front aspect)

University of Oxford

14.00 – 15.30  

Session 3: Syndromic Craniosynostosis

Chairpersons:  Lars Kolby SWEDEN  
 Giovanna Paternoster FRANCE

14.00 Guest Speaker 
 Richard Hopper USA 

May the Rotational Force Be With You: Update 
on Airway Changes with Counter-Clockwise Jaw 
Surgery

14.15 Discussion

14.20  Keisuke Imai JAPAN 
Assessment of Le Fort Ⅲ Distraction for Syndromic 
Craniosynostosis: Internal Vs. External Device

14.25  Xianjing Liu NETHERLANDS 
Analysis of the Facial Asymmetry in Patients with 
Coronal craniosynostosis syndromes by Using 3D 
Stereophotogrammetry

14.28  Daisuke Sakahara JAPAN 
Clinical Application of a 3D Intraoperative Guide 
Template Using 3D Planning Software for Le Fort III 
Distraction with An Internal Device

14.33  Iris Cuperus NETHERLANDS 
Perioperative Airway Management in Midface 
Surgery in Syndromic Craniosynostosis: An ERN 
CRANIO Multicentre Study 

14.38  Discussion

14.45 Guest Speaker 
 Eric Arnaud FRANCE   

Complications of 175 Frontofacial Monoblocs

15.00 Discussion

15.05  Parinaz Rostamzad NETHERLANDS 
Effect of Midface Surgery on Ocular Outcomes in 
Children with Orbital Malformations

15.08 Daniel Cho USA  
A Quantitative Photogrammetric Analysis of Soft 
Tissue Changes Between LeFort III and Monobloc 
Frontofacial Advancement in Syndromic 
Craniosynostosis
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15.11  Sumin Yang NETHERLANDS 
The impact of Obstructive Sleep Apnea on 
Growth in Patients with Syndromic and Complex 
Craniosynostosis

15.16  Anne Markey UK 
The Role of Airway Management on Feeding 
Difficulties in Children with Pfeiffer Syndrome

15.19  Alvin Nguyen USA 
Alterations in Sphenoid Anatomy in 
Craniosynostosis: Implications for Fronto-orbital 
Advancement  

15.22 Discussion

15.30 – 16.00  

Coffee Break

16.00 – 17.30  

Session 4: Success, Complications & 
Challenges in Craniofacial Surgery 

Chairpersons:  Eric Arnaud FRANCE 
 David Johnson UK

16.00 Guest Speaker 
 Scott Bartlett USA 

Costochondral Grafts in Type 3 HFM:  
Long Term Results

16.15 Discussion

16.20 Ehtesham UlHaq PAKISTAN 
Evolution of Craniofacial Surgery in Pakistan 
(Keeping the Passion Alive)

16.25 Richard Hopper USA 
The Challenges, Successes and Complications 
of Orthognathic Management of Severe 
Auriculocondylar (ACS) Syndrome

16.30  Lukas O Brien IRELAND 
Performing Cranial Vault Reconstructive Surgery 
for Craniosynostosis During the COVID-19 
Pandemic at the National Paediatric Craniofacial 
Centre in Ireland

16.33  Rosanna Ching UK 
The impact of COVID-19 Pandemic on Surgery at 
The Oxford Craniofacial Unit

16.36 Discussion

16.45 Guest Speaker 
 David Dunaway UK 

The GOSH Experience of Craniopagus Twin 
Separation

17.00 Discussion

17.05  Emily Panteli IRELAND 
Reducing the Rate of Resorbable Plate-
Associated Wound Complications in Cranial Vault 
Reconstruction Surgery at the National Paediatric 
Craniofacial Centre in Ireland: Clinical Practice 
Changes

17.10 Åsa Munkhammar SWEDEN 
Psychosocial Obstacles to Craniofacial Surgery – 
an Ethical Discussion

17.13 Moath Shummo OMAN 
The Era of Piezosurgery: Effectiveness and Safety 
Demonstrated Through Two Complex Craniofacial 
Cases

17.16 Rosanna Ching UK 
A Challenging Case for Discussion: Expanded 
Frontal Sinus in a Proteus-Like Syndrome Patient 
Requesting Forehead Remodelling

17.19 Julie Chauvel-Picard FRANCE 
Lipofilling of the Lower Eyelids: a Craniofacial 
Tool to Postpone the Facial Advancement in 
Craniofacial Syndromes

17.22 Discussion

17.30 David Johnson UK 
Closing Remarks

18.15 – 19.45  

Pre Dinner Drinks

The Natural History Museum

20.00 – 22.00  

Conference dinner

Balliol College Followed by After Dinner 
Drinks in the College Bar
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08.00 – 10.30  

Session 5: Non-Syndromic 
Craniosynostosis 1

Chairpersons:  Junnu Leikola FINLAND 
 Greg Thomas UK

08.00  Guest Speaker 
 Fintan Sheerin UK 

Advances in Craniofacial Imaging Over the Last 
15 Years and What to Expect in the Next Decade

08.15  Discussion

08.20  Tareq Abdel-Alim NETHERLANDS 
Comparing Long-Term Postoperative Outcomes 
of Three Different Surgical Techniques to Correct 
Sagittal Synostosis Using 3D Photogrammetry

08.25 Richard Hopper USA 
Natural History of Nonsyndromic Sagittal Synostosis 
Morphometrics Following Open Middle and 
Posterior Cranial Vault Expansion

08.30  Adam Shathur UK 
The Paediatric Vault Score – A Novel Scoring 
Tool for Prioritisation of Surgical Management of 
Craniosynostosis Patients

08.33  Monica Manrique USA 
Normocephalic Sagittal Craniosynostosis in Young 
Children is Common and Unrecognized

08.36 Discussion

08.50  Dawid Larysz POLAND 
Neurodevelopmental Problems of Children with 
Non-Syndromic Craniosynostosis

08.55  Sarah Kilcoyne UK 
Communication, Language and Autism Spectrum 
Disorder in Children with Non-Syndromic 
Sagittal Synostosis: The Oxford Craniofacial Unit 
Experience

09.00  Anne Glenney USA 
Management and Outcomes of Patients who 
Present with Sagittal Craniosynostosis After the 
Age of One Year and 6-Year Follow-Up

09.03  Jonas Mellgren SWEDEN 
Improved Facial and Skull Base Symmetry 
Following Osteotomy and Distraction of Unilateral 
Coronal Synostosis

09.06 Discussion

09.20 Guest Speaker 
 Irene Mathijssen NETHERLANDS 

European Reference Network CRANIO: An 
Update of the First Five Years

09.35 Discussion

09.40  Maxime Taverne FRANCE 
Growth Trajectories of the Occipito-Cervical 
Junction in Children: Geometry, Anatomy, and 
Biomechanics

09.43  Sara Fischer SWEDEN 
Springs Produce Favorable Morphological 
Outcomes Compared to H-Craniectomy in a  
Two-Center Comparison of Matched Cases

09.48 Derek Mendonca UAE 
Endoscopic-assisted Craniosynostosis Surgery: First 
Case Series from the United Arab Emirates and 
Middle East

09.51 Ahmed Elawadly UK 
Quantitative Outcomes of Endoscopic Strip 
Craniectomy with Post-Operative Helmet in 
Treating Single Unilateral Coronal Synostosis Using 
3D Surface Scans

09.54 Discussion

10.05  Linda Gaillard NETHERLANDS 
Clinical and Esthetic Outcome in Unoperated 
Trigonocephaly Patients: A Pilot Study

10.08  Vybhav Deraje INDIA 
Minimally Invasive Treatment of Single Suture 
Craniosynstosis: Eight Year Experience of a 
Craniofacial Team from India

10.13  Dillan Villavisanas USA 
Interactions Between Parietal Bone Thickness and 
Springs Forces Predict Changes in Cephalic Index 
Following Spring Mediated Cranioplasty for Non-
Syndromic Sagittal Craniosynostosis

10.16  Ahmed Elawadly UK 
The Natural History of Untreated Metopic 
Synostosis: A Morphological Study

10.21 Discussion

10.30 – 11.00  

Coffee Break
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12.28  Karin Saljo SWEDEN 
Spring-Assisted Posterior Vault Expansion

12.31  Sohaib Rufai UK 
Recognition of Intracranial Hypertension in 
Children Using Handheld Optical Coherence 
Tomography

12.34  Giovanna Paternoster FRANCE 
Cranio Cervical Instabilty in Syndromic 
Craniofacial Patients: 3 Cases Treated by 
Craniovertebral Junction (CVJ) Fixation and 
Proposal of Enlarged Diagnostic Protocol

12.37 Discussion

12.45  Rohit Khosla USA 
Posterior Vault Distraction Osteogenesis in Children 
Greater Than Four Years Old: A Single-Institution 
Case Series of Six Patients

12.48  Fardad T. Afshari UK 
Posterior Calvarial Distraction in Older Paediatric 
Population: Birmingham Craniofacial Unit 
Experience

12.51 Ravi Purohit UK 
Optic Nerve Head Asymmetry in Unicoronal 
Synostosis

12.54 Discussion

13.00 – 14.00 

Lunch

Business Lunch Meeting for ESCFS 
Members

11.00 – 13.00  

Session 6: Neurosurgical Aspects of 
Craniofacial Conditions: Posterior Vault 
Surgery

Chairpersons:  Martin Evans UK 
 Jayaratnam Jayamohan UK

11.00 Guest Speaker 
 Gianpiero Tamburrini ITALY 

Hydrocephalus in Craniosynostosis: A Complex 
Pathophysiology with Controversial Management 
Strategies

11.15 Discussion

11.20 Isak Michaelsson SWEDEN 
Circulating Brain Injury Biomarkers After Surgery for 
Craniosynostosis

11.25  Alexander Mitchell UK 
Evaluation of Fundoscopy as a Means of Intra-
Cranial Pressure Screening in Paediatric Patients 
with Cranial Synostosis

11.28  Federico Di Rocco FRANCE 
The Role of CSF Dynamics in the Early 
Morphological Changes After Endoscopy and 
Helmet Therapy for Scaphocephaly

11.31  Sohaib Rufai UK 
Characterising Optic Nerve Head Morphological 
Variation in Craniosynostosis: A Cohort Study

11.34 Discussion

11.45  Alessandro Borghi UK 
Spring-Assisted Posterior Vault Expansion: A 
Parametric Study to Improve the Intracranial 
Volume Increase Prediction

11.50 Iris Cuperus NETHERLANDS 
Syringomyelia in Crouzon Syndrome: Watch the 
Back Long Term

11.53 Pasquale Gallo UK 
Posterior Vault Expansion and Remodelling 
in Bilateral Lambdoid and Posterior Sagittal 
Synostosis with Acute Posterior Angle: Birmingham 
Children’s Hospital Experience

11.56 Discussion

12.05 Guest Speaker  
Federico Di Rocco FRANCE

 Hindbrain Herniations in Craniosynostosis

12.20 Discussion

12.25 Jordan Swanson USA 
How Low Should We Go? Safety and Craniometric 
Impact of the Low Occipital Osteotomy in 
Posterior Vault Remodeling
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14.00 – 15.30  

Session 7: Non-Syndromic 
Craniosynostosis 2

Chairpersons:  Christian Duncan UK 
 Marie-Lise van Veelen NETHERLANDS

14.00 Guest Speaker 
 Pravin Patel USA 

From Rocket Ships to Surgery: How We Become 
Better

14.15 Discussion

14.20 Yasmin Esser NETHERLANDS 
Prevalence of Ocular Anomalies and Effect of 
Strabismus Surgery in Children with Unicoronal 
Craniosynostosis

14.23  James Davis UK 
Re-operation for Non-Syndromic Single Suture 
Craniosynostosis – A Single Centre’s Experience

14.26  Anne Glenney USA 
Stable or Not? Machine Learning Analysis of 
Postoperative Results in Patients with Metopic 
Craniosynostosis

14.31 Jessica Blum USA 
Machine Learning in Metopic Craniosynostosis: 
Relating Phenotypic Severity to OCT Parameters 
and Long-term Aesthetic Outcomes

14.36  Discussion

14.45 Guest Speaker 
 Jesse Taylor USA 

A Midfacial Odyssey

15.00 Discussion

15.05 Hanna Lif SWEDEN 
Persistent Discrepancies in Orbital Morphology 
After Surgical Treatment of Unicoronal Synostosis

15.10  Laura Valentini ITALY 
Free Flaps Cranial Vault Remodelling for Sagittal 
Synostosis

15.15 Griffin Bins USA 
Measures of Posterior and Anterior Morphology in 
Sagittal Craniosynostosis: The Frontal Bossing and 
Occipital Bulleting Indices

15.20 Isabelle Verlut FRANCE 
Neurodevelopment in Craniosynostosis with 
Smad6

15.23 Discussion

15.30 – 16.00  

Coffee Break

16.00 – 17.30  

Session 8: General Aspects of 
Craniofacial Conditions 2

Chairpersons:  Greg James UK 
 Steven Wall UK

16.00 Guest Speaker 
 Mamoon Rashid PAKISTAN 

Evolving Techniques in the Management of 
Tessier Number 3 and 4 Clefts

16.15 Discussion

16.20  Dillan Villavisanis USA 
Reconstruction of Hemifacial Microsomia Alters 
Visual Attention: A Prospective Eye-Tracking 
Study

16.25  Urbano Urbani ITALY 
The Craniofacial Surgeon’s Role in the 
Treatment of Head Tumour in Pediatrics

16.28 Monica Manrique USA 
Sickle Cell Disease Association with Premature 
Suture Fusion in Young Children

16.31  Sally Painter UK 
Visual Ability of Children with Craniosynostosis

16.36 Discussion

16.45 Maire Caitlin Casey IRELAND 
Reducing Inappropriate Referrals Using a 
Standardised Referral and Photographic 
Assessment at the National Paediatric 
Craniofacial Centre in Ireland

16.48 Sarah Kilcoyne UK 
Craniofacial Surgery-Related Hashtag Utilisation 
on Instagram

16.51  Drew Schnitt USA 
Craniofacial Approaches to Transgender Facial 
Feminization

16.56 Discussion

17.05 Guest Speaker 
 Shailendra Magdum UK 

The Surgical Management of Encephaloceles

17.20 Discussion

17.25 Daniel Cho USA 
The Natural History and Management of Fibrous 
Dysplasia of the Orbit

17.30  Juling Ong UK 
The Surgical Experience of Patients 
Undergoing Tongue Reduction Surgery (TRS) 
for Macroglossia in Beckwith Wiedemann 
Syndrome (BWS) - A 10 Year Experience from 
The National BWS Macroglossia Service
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17.33  Caroleen Shipster UK 
The Functional and Psychosocial Benefits of 
Tongue Reduction Surgery (TRS) for Macroglossia 
in Beckwith Wiedemann Syndrome (BWSm) - 
Findings from a 10 Year Cohort Study

17.36 Irene Mathijssen NETHERLANDS 
Prenatal Ultrasound Parameters of Twins with 
Sagittal Suture Craniosynostosis Question 
Mechanical Constraint as the Leading Cause

17.39  Discussion

17.45  David Johnson UK (ESCFS President)  
Closing Remarks
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Dental Needs Assessment in a Paediatric 
Craniofacial Population at the National 
Paediatric Craniofacial Centre in Ireland

Miss Eleanor, Mc Govern1, Dr Annie Hughes1,2,  
Miss Shirley Bracken1, Mr Tim Mc Swiney3, Mr DJ Murray1

1Children’s Health Ireland at Temple Street , Dublin, Ireland, 2Dublin 
Dental University Hospital, Trinity College, Dublin, Ireland, 3St 
James’s Hospital, Dublin, Ireland

Background: Children with craniofacial conditions and 
syndromes are considered to be at risk of and from dental 
disease. They commonly present with significant malocclusion 
in keeping with their condition, and are also likely to present 
with a range of dental anomalies. Children attending our 
national service are enrolled into a dental care pathway from 
birth, or soon after craniofacial diagnosis. Within this pathway 
children attend both the hospital based specialist paediatric 
dental service as well as local community general dental 
services. 

Our aim was to assess the dental health and occlusal features 
of children attending the paediatric dental clinic at the 
National Paediatric Craniofacial Centre (NPCC). 

Method: A retrospective chart analysis of 75 participants 
over an 18 month period was conducted. Information on 
dental habits, dental disease, anomalies and occlusion and a 
comparison with national norms was documented.

Results: The mean age of study participants was 8.3 years 
(range 1-16 years), with the mean age of first dental visit of 
3.3 years old. 71% (n=53) were caries free. The mean DMFT 
(children 6-16 years) was 0.3, while the mean dmft (children 
1-8 years) was 1.3. Visible plaque and calculus was observed 
in 47% (n=35), while 4% (n=3) needed urgent periodontal 
care. 

Within this cohort 29% (n=22) had a class I skeletal relationship, 
while 24% (n=18) had a class II, and 47% (n=35) presented 
with a class III. Dental crowding was noted in 64% (n=48) of 
participants, and an open bite was noted in 36% (n=27). 
Dental anomalies (of tooth number and/or structure) were 
noted in 16% (n=12) of the group. 

Conclusion: Despite the significant risk of dental disease 
the children in this cohort appeared to have a caries rate 
similar to the general child population. This can most likely be 
attributed to the early access to dental services and intense 
prevention of dental disease by dental providers, families 
and the children themselves. Children attending our national 
service have significant orthodontic needs with most of the 
cohort presenting with malocclusion. Access to specialist 
multidisciplinary dental and orthodontic care is an integral 
part of the service at the NPCC. 

Oxycephaly Management: Retrospective 
Study About 28 Patients

Samer Haber1, Michela Vita1, Hossein Khonsari1,  
Eric Arnaud, Giovanna Paternoster1

1Necker Hospital - Paris, France

Background: Oxycephaly is a rare form of multiple suture 
craniosynostosis. It is commonly associated with intracranial 
hypertension and cognitive impairment. Early surgical 
decompression is indicated.

Method: A retrospective study was performed on all 28 
oxycephaly patients treated in a single institution over a 
period of 20 years. Patient charts were reviewed for clinical 
and demographic data. Preoperative and postoperative 
CT scans were analyzed for cranial morphology, intracranial 
volume, turricephaly, exorbitism and frontonasal angle.

Results: Mean age at diagnosis was 32 months.

Three patients (10%) had symptoms of acute intracranial 
hypertension: cephalalgia and vomiting. Only sixteen patients 
had available fundoscopic examination, of which 10 had 
papillary edema (37%). Five patients required intracranial 
pressure (ICP) measurement which confirmed preoperative 
intracranial hypertension in all five cases (100%). One patient 
had cerebellar tonsillar herniation. Five patients (28%) had 
learning difficulties and language disorders.

Mean age at cranial surgery was 34 months. The head 
morphology was classified into three categories depending 
on the cephalic index and forehead tilt. Two different 
techniques were employed: Fronto-orbital advancement 
(FOA) (11 patients, 39%) and biparietal decompression 
(BPD) (17 patients, 61%). The choice of the technique was 
mainly associated with the preoperative cranial morphology. 
Four patients required secondary cranial decompression 
after BPD (24%) versus none after FOA. Intracranial volume 
was 1011 ± 184 ml preoperatively and 1160 ± 145 ml 
postoperatively. Compared to BPD, FOA caused significantly 
better improvement of frontonasal angle (p=0.02), exorbitism 
(p=0.01), and the esthetic score (p=0.002).

Discussion: BPD is indicated in younger patients without 
frontal deformity, it enlarges the biparietal width, and it 
harnesses the speed of early brain growth to increase 
intracranial volume. FOA is performed after age 6 months, 
it lengthens the head, and it allows frontal remodeling and 
instantaneous volume gain regardless of growth speed. The 
indications for each technique are not the same.

Conclusion: Oxycephaly treatment with FOA seems to 
yield better esthetic results and less relapse risk than BPD. 
The indication for one technique or the other considers 
morphology and age.
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Oral Health and Access to Care for Children 
with Craniofacial Anomalies: A Comparison 
of Two Units

Mrs Helen Sanders1, Mrs Sarah McKaig1,  
Mrs Joanna May2

1Birmingham Women’s and Children’s NHS Foundation Trust, 
Birmingham, United Kingdom, 2Alder Hey Children’s NHS 
Foundation Trust, Liverpool, United Kingdom

Background: Birmingham Children’s Hospital (BCH) and 
Alderhey Children’s Hospital (AHCH) are supraregional 
centres for the management of paediatric craniofacial 
anomalies. Both units have a Consultant in Paediatric 
Dentistry involved with the Craniofacial team. This evaluation 
was an opportunity for collaborative working and to compare 
important aspects of oral health and dental access.

The objectives were to understand current oral health needs 
of patients, to demonstrate access to local dental care, and 
to understand the impact of Covid-19 on patient access to 
local dental services.

Method: Patient questionnaires were handed out to patients 
and carers attending craniofacial outpatient clinics from July 
2021-April 2022. Questionnaires were collected back at the 
end of the appointment.

Results: 62 questionnaires were collected from BCH and 50 
from AHCH.

25% of BCH patients and 30% of AHCH patients did not have 
current access to dental care.

27% of BCH patients and 36% of AHCH patients had had 
difficulty accessing a dentist. Covid-19 was the most common 
reason stated.

Less than half of all the patients had visited a dentist within the 
last 3-6 months.

46% of BCH patients and 58% of AHCH patients took a drink 
to bed at night and 6% and 8% of BCH and AHCH patients 
respectively used a baby bottle over the recommended age 
of 1 year. Only 60% of patients from both centres brushed 
their teeth twice a day. These behaviours indicate that these 
patients are a high caries risk group.

Conclusion: Paediatric craniofacial patients are a high caries 
risk group who need a dental pathway to help deliver oral 
health information and to help with access to dental care in 
both primary and secondary healthcare settings. 

Post-Covid-19, patients from both units have similar levels of 
oral health needs.

Further work must be done to ensure patients have access to 
local dental care in both units.

Oral health messages should be reinforced at all stages of a 
patient journey as per Delivering Better Oral Health guidelines 
for high caries risk patients.

Collaboration between all units is needed to help with 
development and implementation of a national dental 
pathway for craniofacial patients.

SD-OCT and FAF at Onset of Inherited 
Maculopathy in Children

Sabine Defoort-Dhellemmes1, Isabelle Drumare1,  
Vasili Smirnov, Bernard Puech1

1CHU Lille, Lille - France

Introduction: In children, retinal and macular inherited 
dystrophies could be misdiagnosed at early stages when 
the symptoms are mild and there are no observable fundus 
changes. Our study of spectral domain OCT (SD-OCT) 
and FAF retinal imaging in the children with known familial 
history of maculopathy allowed to describe precocious 
abnormalities and to establish distinctive features in 
Stargardt disease (STGD), Juvenil Neuronal Ceroid 
Lipofuscinosis (JNCL or NCL3)and cone dystrophy (COD).

Methods: OCT and FAF imaging were analyzed in three 
children with a familial history of STGD, NCL3 and COD. 
SD-OCT was performed with Cirrus SD-OCT or Spectralis OCT 
2, Heidelberg. FAF images were realized with Heidelberg 
Retina Angiograph.

Results: The most prominent common sign in the case 
of STGD and in NCL3 was a bulged, fluffy appearence 
of subfoveal external limiting membrane (ELM)at OCT. 
Though, the distinctive feature in STGD was local perifoveal 
interruption of ellipsoid line (EL) and in NCL3 a thinning of 
inner nuclear layer.

Conversely, in COD there was no apparent changes of ELM. 
The earlier OCT finding in this entity was patchy interruption 
of perifoveolar EL.

The FAF images were distinctive in this three diseases. Little 
hyperautofluorescent perifoveolar dots were found in STGD. 
In NCL3 there was a hypoautofluorescent perifoveolar halo. 
Hyperautofluorecent perifoveolar ring was specifical in COD.

Conclusion: OCT and FAF are the first tests to be performed 
when the maculopathy is suspected in children. It could 
be enough to establish a diagnosis if the familial history is 
positive.

OCT and FAF imaging could be useful in differential 
diagnosis of inherited maculopathies at earliest stages with 
a view to future retinal therapies.
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Single Segment Neo-bandeau  
Fronto-Orbital Advancement in Children with 
Craniosynostosis: Technique Adaptation and 
Craniometric Analysis

Dr Jordan Swanson1, Dr Zachary Zapatero1, Dr Carrie 
Morales1, Dr. Mychajlo Kosyk1, Dr Christopher Kalmar1,  
Dr Anna Carlson1, Dr Laura Humphries1, Dr. Shih-Shan 
Lang1 
1The Children’s Hospital Of Philadelphia, 3401 Civic Center Blvd, 
United States

Objectives: Fronto-orbital advancement (FOA) of the 
anterior skull and orbital bandeau is standard of care for 
craniosynostosis with anterior morphology. Fronto-orbital 
retrusion, temporal hollowing and boney contour irregularities 
are commonly seen in long-term follow-up. In this study, 
we report several technical adaptations of a new FOA 
technique described in Fearon et al. that help facilitate 
adaptation of the single-segment neo-bandeau fronto-
orbital advancement technique in preparation of use in 
younger patients, and perform a craniometric analysis of the 
technique.

Materals and Methods:

Five consecutive patients who underwent the single-
segment neo-bandeau fronto-orbital advancement in 2020 
with available pre- and post-operative 3-d head CT scans 
were studied. Using Materialise Mimics (Materialise, Ghent, 
Belgium), cranial length, cranial height, cranial widths, and 
intracranial volume was measured.

Results: Two (40%) patients were male and all were non-
Hispanic white with a median age at surgery of 18.6 months 
(IQR 10.4-45.7). Three patients (60%) had bicoronal or other 
multi-suture craniosynostosis, and one each had metopic 
and sagittal craniosynostosis. Intraoperatively-measured 
intracranial pressure decreased from 17.8mmHg (R 13.0-
20.0) prior to craniectomy to 4.8mmHg (R 2.0-11.0; p=0.038) 
after craniectomy. Anterior cranial width increased post-
operatively (mean 92.6mm; R 74.9-111.5 vs. 117.6mm; R 
109.8-135.2, p=0.005). Intracranial volume increased from 
pre-operative (mean 1,211 cm3; R 782-1,949 cm3) to post-
operative (1,387 cm3; R 1,022-2,108 cm3; p= 0.009). 

Conclusion: We find in this small sample that a single-
segment neo-bandeau FOA demonstrates volumetric 
expansion similar to conventional FOA techniques and is 
feasible in infants under one year of age.

NIRS (Near InfraRed Spectroscopy) 
Applied During the Surgical Correction of 
Craniosynostosis to Analyse Perioperative 
Modifications

Pr Federico Di Rocco1,2, Sofia Guernouche1,2, Fred 
Bteich1,2, Dr Eloise Cercueil3, Dr Alexandru Szathmari1,2,  
Dr Pierre-Aurélien Beuriat1,2 
1Craniosynostosis National Reference Center Of Lyon, Lyon, France, 
2Pediatric Neurosurgery Department, Hôpital Femme Mère Enfant, 
Hospices Civils de Lyon, University of Lyon, Lyon, France, 3Pediatric 
Emergency and Reanimation Department, Hôpital Femme Mère 
Enfant, Hospices Civils de Lyon, University of Lyon, Lyon, France

Background: NIRS (Near InfraRed Spectroscopy) which is non-
Invasive technique to monitor hemodynamic parameters and 
hemoglobin oxygen saturation of the brain. We applied this 
technique during the surgical correction of craniosynostosis to 
analyse perioperative modifications in cerebral blood during 
the surgical correction of the craniosynostosis in infants.

Method: Monocentric, prospective clinical study. We 
included all children aged from 3 to 12 months old with a 
scaphocephaly requiring a correction surgery in ventral 
or dorsal position. Parents or legal guardian provided non 
opposition prior to participation in the study

Results: Among 20 children operated, 17 were boys, 3 
girls. The mean age at surgery was 6.5 months. 8 patients 
required a transfusion. Oxygen saturation of brain hemoglobin 
decreased at key moments of the surgery: at high blood loss, 
before transfusion (average value of 38%), during arterial 
hypotension episode (average value of 47%) and during 
osteotomy with sagittal sinus decompression and during 
cranial parietal decompression (average value of 55%)

Conclusion: Our preliminary results shows that NIRS monitoring 
is very sensitive to the blood depletion that might occur 
during craniosynostosis surgery for scaphocephaly. Reduction 
in brain oxygen saturation can be detected very early by 
using NIRS before the hemodynamic modifications due to 
the blood losses. NIRS seems to be a valuable tool in helping 
in the monitoring of the child during the anesthesia. This 
technique can help to better understanding the impact of 
decompression on improving cerebral oxygenation and to 
better adapt anaesthesia strategies during surgery.
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“Therapeutic Patient Education - TPE”:  
A New Approach For Patients, Parents and 
Siblings to Face Complex Surgery

Dr Giovanna Paternoster1, Dr Samer Haber1, Dr Syril 
James1, Dr Eric Arnaud1, Pr Hossein Khonsari1

1Necker Enfants Malades, France

Background: In order to improve the quality of life, the 
acceptance of the disease, the understanding of disease 
mechanisms and treatment, patient management protocols 
have been recently enriched by therapeutic patient 
education (TPE) initiatives.

We present our TPE approach for teenagers, parents and 
siblings named “Understanding Le Fort III surgery”.

Method: A multidisciplinary and transversal team of health 
professionals and resource patient was trained before grant 
application for funding of the program by the regional health 
care agency.

A customized patient education program process was 
developed. 

The program included a diagnosis of patient abilities and 
positive resources, followed by collective and individual 
workshops for patients, parents, and siblings.

11 families accepted to participate to the first day-long 
meeting about the Le Fort III surgery.

The group has been divided into: patients, parents, and 
siblings. brotherhood; and each group participates 
in 3 workshop (practical/ medical: understanding the 
surgery; psychological: how to face the surgery; practical/ 
paramedical: how to manage the post operatively change).

A test of satisfaction and knowledge/competence evaluation 
has been filled by all participants before and after the 
workshop.

Results: Patient education is positively evaluated by all 
participants and may contribute to better health care 
management in the long term. 

An improved comprehension of the syndrome and of the 
different surgical steps and hospitalization, a reduction 
of preoperative anxiety and a better preparation of 
the postoperative change have been acquired by all 
participants. 

Conclusion: We describe the practical aspects of 
implementing a patient education program in the surgical 
management process of syndromic patient and family, an 
essential tool to improve the quality of life of our patients.

Long Term Results of the Fronto-Orbital 
Segment Distraction as A Nonvascularised 
Bone Graft

Prof. Dr. Gökhan Tunçbilek1, Assoc.Prof. Dr. Mert Çalış1, 
Assoc.Prof. Dr. Elif Günay Bulut1

1Hacettepe University, Turkey

Distraction of the supraorbital bar and frontal bone complex 
as a free bone graft, combines the advantageous parts 
of conventional fronto-orbital remodeling and distraction 
osteogenesis techniques, as it is possible to reshape the 
supraorbital bar and the frontal bone complex, when 
necessary. Late term results and quality of the distracted 
bone segment is evaluated at this study.

Forty craniosynostotic patients were operated in Hacettepe 
University Hospitals between 2009 and 2022, using distraction 
of the fronto-orbital bone segment technique. Unenhanced 
CT scans, with a slice thickness of 1 or 1.3 mm, of the 
18 of the 40 patients evaluated (mean 5,8 years, range 
1-11 years postoperatively) by author neuroradiologist. 
3D reconstruction images were used to guide the exact 
borders of the forehead segment. The radiologic findings of 
sclerosis, cortical irregularity/destruction or fragmentation 
of the segment were evaluated through the axial images. 
Hounsfield Unit (HU) density measurements using a ROI 
size of 0.01 cm2 were performed from the cortex and 
medulla of the forehead segment and the adjacent native 
bone, also. Five cortical and five medullary measurements 
were made from the forehead segment and the native 
unoperated bone, and compared for each patient. Mean 
density values of the segment and the native bone were 
also compared.

Although several minor bone defects were seen between 
attached bone segments or at the distraction zones, all 
fronto-orbital bone segments were survived without bone 
loss. There were no findings of sclerosis, cortical irregularity/
destruction or fragmentation of the flap. HU density 
measurements of distracted forehead segment is higher 
than the adjacent unoperated bone segments (Mean 1341 
HU and 1228 HU, respectively).

To our best knowledge, this is largest group of patients 
and the pioneer study to demonstrate the efficacy of the 
nonvascularized bone graft distraction in management of 
craniosynostosis. Late results revealed that distraction of the 
fronto-orbital bone segment with supraorbital bar as a free 
bone graft appears to be safe and effective approach in 
correcting severe craniosynostosis deformities. 
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Radiation Safety in Craniosynostosis Surgery: 
Efficacy of Industry Improvements

Dr Liana Cheung1, Dr Daniel Cho1, Jessica Blum1,  
Dillan Villavisanis1, Zachary Zapatero1, Mychajlo Kosyk1, 
Christopher Kalmar1, Dr Scott Bartlett1, Dr Jesse Taylor1,  
Dr Arastoo Vossough2, Dr Jordan Swanson1

1Division of Plastic Surgery Children’s Hospital of Phildelphia, 
Philadelphia, USA, 2Department of Radiology Children’s Hospital of 
Phildelphia, Philadelphia, USA

Background: A recent debate in the literature revolves 
around the question of whether diagnostic CT Head scans 
should be used to confirm every case of craniosynostosis 
given recent concerns raised regarding the risks of radiation 
exposure associated with CT imaging.

This study quantifies the efficacy in radiation reduction over 
the last decade at one major tertiary craniofacial institution 
and contextualises this risk using known environmental and 
occupational exposure risks.

Method: Radiation effective dose was calculated for pre-
operative CT data from two-year timeframes (2007-8 & 2018-
9) before and after the implementation of a new low dose 
protocol.

Mean effective dose of the historical low dose protocol was 
compared to the new low dose protocol and data were 
compared using the non-parametric Mann-Whitney U test to 
assess efficacy of radiation reduction strategies. 

Common environmental and occupational radiation risk was 
collated from publicly available sources.

Results: Fifty-three scans were conducted using the historical 
low dose protocol and 384 scans using the new low dose 
protocol. 

New scanner technology accounted for a 336% dose 
reduction (p <0.0001), optimizing scan length led to 
an additional 14% reduction (p <0.0001), and the 
craniosynostosis-specific protocol further reduced radiation 
by 22% (p <0.0001). Cumulative mean effective dose was 6.85 
mSv in the historical low dose protocol and decreased to 1.84 
mSv with the new low dose protocol (p<0.0001), for a total 
reduction of 372%. 

Contextualising this radiation risk, our institutional mean 
effective dose of 1.84mSv is similar to 8 months of background 
radiation in the UK and 4 months of the annual background 
radiation in the US, significantly less than the annual 
occupational exposure of airline crew members and vascular 
surgeons, and well within the international occupational 
radiation annual exposure limit of 20mSv.

Conclusion: Technological improvements in radiation safety 
over the last decade have provided a 3.7-fold decrease in CT 
radiation risk, with effective dose risk comparing favourably 
with known environmental and occupational radiation risks. 
Given the efficacy of recent radiation safety improvements, 
we advocate for the continued use of confirmatory CT Head 
scans for craniosynostosis, along with routine quality and 
institutional radiation safety reviews.

Fronto-Orbital Advancement and 
Remodelling with Distraction: The Oxford 
Experience

Mr Greg Thomas1, Dr Fintan Sheerin1,2, Mr Steven Wall1, 
Mr Jayaratnam Jayamohan1, Mr Tim Lawrence1, Mr 
Shailendra Magdum1, Mr David Johnson1

1Oxford Craniofacial Unit, Oxford University Hospitals NHS 
Foundation Trust, Oxford, United Kingdom, 2Department of 
Neuroradiology; Oxford University Hospitals NHS Foundation Trust, 
Oxford, United Kingdom

Background: Patients with syndromic craniosynostosis 
and severe turribrachycephaly often require a posterior 
expansion in infancy, with a fronto-orbital advancement 
and remodelling (FOAR) later. Scalp tightness from the 
first transcranial procedure limits the extent of the FOAR 
advancement, or risks wound dehiscence. FOAR with 
advancement by distraction (FOARD) was adopted as a 
procedure to mitigate these problems. This study reports 
outcomes from FOARD procedures undertaken in Oxford 
since its inception in 2015.

Method: A retrospective review of the notes of patients 
undergoing FOARD was performed.

Results: Eighteen patients underwent FOARD between 2015 
and 2022, at a mean age of 40 months. Sixteen patients had 
had a previous calvarial expansion (14 posterior expansions). 
The fronto-orbital complex was advanced by 20mm (range 14 
– 25mm) using two or four 30mm internal distraction devices, 
typically at 1mm per day immediately following surgery. The 
devices were removed at 85 days after insertion (range 14 
– 143 days). No relapse was observed. Intracranial volume 
was increased by 192mls (95 – 360mls) or 16% (8 – 35%). Dural 
breaches occurred in 15 patients at FOARD, but only 1 patient 
required a further procedure for persistent CSF leakage. Three 
patients had devices removed early due to a local infection 
involving the devices. Dehiscence or local infections were 
more common when four devices, rather than two, were 
used (50% versus 9%). The vector of distraction was found to 
be critical to a good aesthetic advancement. Necessarily 
accurate osteotomies were facilitated by a 3D-printed model 
of the patient’s skull, used both for pre-operative planning 
and intraoperative marking.

Conclusion: FOARD is an effective procedure for delivering 
a sizeable fronto-orbital advancement and increase in 
intracranial volume in patients with turribrachycephaly, 
following an earlier calvarial expansion. The complication 
profile of the procedure is similar to that of posterior expansion 
using distraction.



O
RA

L 
A

BSTRA
C

TS

23

FRIDAY 23 SEPTEMBER

The Use of O-Arm Imaging in 
Craniosynostosis Surgery

Dr. Junnu Leikola1, Touko Kaasalainen1, Juho Suojanen1, 
Arja Heliovaara1

1Helsinki University Hospital, Helsinki, Finland, 2University of 
Helsinki, Helsinki, Finland

Background: Multi-slice computed tomography (CT) imaging 
is widely used for diagnosis and postoperative follow-up of 
craniosynostosis patients. The use of intraoperative, O-arm CT-
imaging has become popular especially during orthopedic 
and neurosurgical procedures, providing intraoperative as 
well as immediate postoperative CT scans to be performed in 
the operating theatres.

 The aim of this study was to develop a time- and cost-
effective method of performing immediate postoperative 
CT scans for craniosynostosis patients by replacing the 
conventional multi-slice CT examination carried out in 
a radiology department with a computed tomography 
performed during the same anesthesia perioperatively with a 
mobile imaging device, the O-arm.

Method: The study comprised 105 pediatric syndromic and 
non-syndromic patients who were operated because of 
single or multiple suture craniosynostosis at Helsinki University 
Hospital between 2014 and 2020. The postoperative CT scans 
were taken either with a conventional multi-slice CT in a 
radiology department under general anesthesia (CT, n=56) 
or with mobile intraoperative O-arm computed tomography 
system (n=49) (O-arm-CT) (Medtronic Inc., Louisville, CO, USA). 
Ra-diation dose and surgical data (operating time, lengths 
of postoperative hospital and ICU stays) were compared 
between the two groups. 

Results: The radiation exposure to children was smaller in the 
O-arm CT scans than in the multi-slice CT examinations (DLP 
28.6 mGy•cm versus 50.0 mGy•cm [p<0.001] and CTDI 1.79 
versus 2.55 [p=0.022]). The mean hospital stay was shorter in 
the O-arm-CT group than in the CT group (4.45 versus 5.63 
days). An additional anesthesia was needed in all the CT 
group for the postoperative imaging after the operation 
(range 0 – 62d, mean 6.4d). No differences were observed in 
the periopera-tive mean duration (CT 5.66 hours, O-arm CT 
5.94 hours).

Conclusion: The developed perioperative 3D imaging 
method with an O-arm is feasible, cost- and time-effective, as 
well as radiation-safe, technique for postoperative imaging 
of patients with craniosynostosis and may be used to replace 
conven-tionally performed multi-slice CT examinations in 
radiology department with a possible additional anesthesia.

Characterising Normal Craniofacial Growth 
to 4 Years of Age

Mr. Ce Liang1, Dr. Antonio Profico2,3, Dr. Costantino Buzi4, 
Prof. Roman Hossein Khonsari5, Prof. Susan E. Evans6,  
Prof. Paul O’Higgins7,8, Dr. Mehran Moazen1

1Department of Mechanical Engineering, University College 
London, London, United Kingdom, 2Catalan Institute of Human 
Paleoecology and Social Evolution (IPHES), Tarragona, Spain, 
3Àrea de Prehistòria, Facultat de Lletres, Universitat Rovira i 
Virgili, Tarragona, Spain, 4DFG Centre (number 2) of Advanced 
Studies ‘Words, Bones, Genes, Tools’, Eberhard Karls University 
of Tübingen, Tübingen, Germany, 5Department of Maxillofacial 
Surgery and Plastic Surgery, Necker – Enfants Malades 
Hospital, Assistance Publique – Hôpitaux de Paris, Paris, France, 
6Department of Cell and Developmental Biology, University 
College London, London, United Kingdom, 7PalaeoHub, 
Department of Archaeology, University of York, York, United 
Kingdom, 8Hull York Medical School, University of York, York, 
United Kingdom

Background: Understanding the natural development of 
the neonatal craniofacial system is critical in optimising 
clinical management of various congenital diseases (e.g. 
craniosynostosis). The aim of this study was to (1) carry out a 
detailed characterisation of size changes during ontogeny; 
(2) perform a geometric morphometric (GM) analysis to (3) 
describe craniofacial growth and development; and (4) 
estimate average craniofacial form throughout the age 
range. 

Materials and Methods: A total of 217 CT data sets 
of normal individuals (age: 0-48 months) were used for 
3D reconstruction of the craniofacial system and the 
calvarial bones. 88 common anatomical landmarks 
were located on these reconstructions and a series of 2D 
and 3D measurements were taken, including 47 linear 
cranial dimensions and 4 craniometric volumes. Selected 
craniofacial indices and a newly defined size estimator 
readily applicable in clinical practice were calculated and 
analysed. 3D reconstructions were landmarked using a 
template of 2304 surface semi-landmarks in preparation for 
GM analysis. Here, the relationships between craniofacial 
shape and relevant variables (i.e. age, sex, size, volumes) 
were investigated through multivariate regression. This also 
resulted in a prediction of mean craniofacial form through 
the age range. 

Results: 82% of the variation in sample craniofacial form 
is related to centroid size while only 56% are associated 
with age. Males are large than females at the same age, 
indicating degree of size and related shape dimorphism, 
but when size is accounted for there are no differences 
in shape between sexes in this age range. Accelerated 
growth of intracranial volume was identified in the first year 
of life, followed by deceleration over the following three 
years. Mid-facial growth was largely accounted for by 
expansion of nasal cavity volume. Over the studied age/
cranial size ranges, our analyses show changing craniofacial 
proportions reflecting differential growth. This was mainly 
characterized by the expansion of the calvarial bones and 
the reduction of the anterior part of the palatal region.

Conclusion: This study highlights that the trajectory of 
the neonatal skull growth is approximately uniform and 
allometric. Skull growth is largely driven by the size changes 
of the various organs and capsules of the craniofacial 
system. 
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WGS/WES as Unique Diagnostic Tool for 
the Genetic Screening of Patients with 
Syndromic Forms of Craniosynostosis

Dr Alexandra Țopa1,2, Dr. Anna Rohlin2, Dr. André Fehr3,5, Dr. 
Madiha Bhatti-Søfteland4, Dr. Giovanni Maltese4,  
Dr. Peter Tarnow4, Professor Göran Stenman1,3,5,  
Professor Lars Kölby4

1Department of Laboratory Medicine, Sahlgrenska Academy, 
University of Gothenburg, Gothenburg, Sweden, 2Department of 
Clinical Genetics and Genomics, Sahlgrenska University Hospital, 
Gothenburg, Sweden, 3Sahlgrenska Center for Cancer Research 
, Sahlgrenska Academy, University of Gothenburg, Gothenburg, 
Sweden, 4Department of Plastic Surgery, Institute of Clinical 
Sciences, Sahlgrenska Academy, University of Gothenburg, 
Gothenburg , Sweden , 5Department of Pathology, Sahlgrenska 
Academy, University of Gothenburg, Gothenburg , Sweden 

Background: The knowledge about the etiology of 
craniosynostosis (CS) in terms of genetic factors has 
grown during the last decade owing to the technological 
development which allows a rapid and effective high-
throughput sequencing of the genome. Here we present the 
results of whole genome or exome sequencing (WGS/WES) in 
59 patients with CS.

Method: Patient cohort

Fifty-nine patients with CS (from 57 families) with negative 
outcome for causal mutations at previous genetic screening 
have been included in the study. 

The gender distribution was 1.2:1 (f:m). Thirty-two percent had 
multisuture synostosis, and 54% had a syndromal presentation. 
The majority of patients (78%) with either syndromic or 
nonsyndromic presentations had mainly coronal suture 
involvement. 

Analytical Method: Single WGS was performed in 54 cases, 
and WES in 5 cases. Parental samples were available for 
segregation analysis in cases with variants of unknown clinical 
significance (VOUS).

The patients were initially screened with an in-silico CS-
related gene-panel comprising 133 genes, followed by wide 
genome/exome analysis. Commercially available software 
programs were used for the filtration and interpretation of 
DNA-variants according to the American College of Medical 
Genetics (ACMG) criteria. 

Cranial Defect Reconstruction with Custom 
3D-Printed Hydroxyapatite Scaffolds: A Large 
Pre-Clinical Model

Dr. Griffin Bins1, Dr. Dominic Massary1, Dr. Samuel Kogan1, 
Dr. Lukasz Witek2, Dr. Christopher Runyan1

1Wake Forest Baptist Health Department of Plastic Surgery, 
Winston-salem, United States, 2Orthopaedic Biomaterials 
Regenerative Applications Lab, New York, United States

Introduction: When considering critical bone defect 
reconstruction throughout the body, cranial reconstruction 
via cranioplasty is an attractive target due to the presence 
of adjacent, reliable well-vascularized tissue and the relative 
lack of load-bearing. This study seeks to demonstrate clinical 
readiness of a bone tissue engineering (BTE) approach for 
critical cranial defects in an adult non-human primate model. 

Methods: Identical 5-cm vertex guided-craniotomies were 
created in each of 12 rhesus macaques: 3 to demonstrate 
critical nature of the defect, and 9 to examine the bony 
bridging and volumetric bone growth when reconstructed 
with custom-3D-printed hydroxyapatite scaffolds (KLS 
Martin). Three treatment groups were tested to examine 
the contributions of osteogenic factor addition to scaffolds 
on study outcomes: naked scaffold (n=3), 2.8 mL (Infuse® 
Medtronic) rhBMP-2 (n=3) and 1000 µM dipyridamole (n=3). 
Serial CT scans (Q2 months) were obtained until scaffold 
harvest at 12 months following implantation, at which time 
micro-CT scan, histology and nano-indentation testing were 
performed. 

Results: No new bone formation was identified on serial CT-
scans in subjects whose craniectomies were left unrepaired. 
Bridging analysis demonstrated circumferential fusion of the 
BMP-2-treated scaffolds at the earliest time point examined 
(100% at the 2-month CT scan). The dipyridamole and 
naked scaffold groups had significantly less circumferential 
bridging at the 2-month time point (78.4% and 64.6%, 
respectively), however, this gradually increased to become 
statistically similar by the 12-month time-point (93.0% 
and 92.9%, respectively). Micro-CT analysis of harvested 
scaffolds demonstrated a significantly greater volume of 
bone formation in the BMP-2-treated scaffolds (7621 ± 145) 
compared with the dipyridamole- (6466 ± 693) and naked 
scaffold (6348 ± 663) groups.

Conclusions: Ingrowth of native tissue into large 3D-printed 
hydroxyapatite cranioplasty implants as demonstrated by 
peripheral bony bridging exceeding 90% in all treatment 
groups within 12 months of implantation. Scaffolds pre-
treated with BMP-2 had complete and rapid fusion with the 
surrounding bone and had the most robust bone formation 
within scaffold interstices. These findings demonstrate 
successful incorporation of large hydroxyapatite cranial 
scaffolds and suggest an alternative approach to alloplastic 
materials for surgical cranioplasty.
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Cellular Structure of the Coronal Suture: 
Insights into Normal and Abnormal 
Function

Dr Steve Twigg2, Dr D’Juan Farmer1, Dr Hana 
Mlcochova2, Dr Yan Zhou2, Prof Andrew OM Wilkie2,3, 
Prof Gage Crump1 
1Department of Stem Cell Biology and Regenerative Medicine, 
Keck School of Medicine, University of Southern California, Los 
Angeles, USA, 2MRC Weatherall Institute of Molecular Medicine, 
University of Oxford, Oxford, UK, 3Craniofacial Unit, Oxford 
University Hospitals NHS Foundation Trust, John Radcliffe 
Hospital, Oxford, UK

Background: Sutures separate the flat bones of the 
skull and enable coordinated growth of the brain and 
overlying cranium. New bone forms by intramembranous 
ossification in response to the expansion of the underlying 
brain. The coronal suture, which separates the frontal and 
parietal bones, is most commonly fused in monogenic 
craniosynostosis, yet the unique aspects of its development 
remain incompletely understood. 

Methods: To uncover the cellular diversity within the 
developing murine embryonic coronal suture, we 
combined single-cell transcriptomics with highly resolved in 
situ analysis to catalog the cell types present at embryonic 
day (E)15.5 and E17.5.

Results: We found distinct preosteoblast signatures 
between the bone fronts and periosteum, a ligament-
like population above the suture that persists into 
adulthood, and a chondrogenic-like population in 
the dura mater underlying the suture. Lineage tracing 
revealed an embryonic Six2+ osteoprogenitor population 
that contributes to the postnatal suture mesenchyme, 
with these progenitors being preferentially affected in 
a Twist1+/−; Tcf12+/− mouse model of Saethre-Chotzen 
syndrome. 

Conclusion: The single-cell atlas we have generated 
provides a resource for understanding the development 
of the coronal suture and the mechanisms for its loss in 
craniosynostosis.

Results: In 4 patients, we detected potentially causal 
variants in genes not previously associated with CS: KIAA0586, 
KAT6A, FOXP1 and YY1. In two patients, we detected 
structural genomic rearrangements: a duplication 22q13 
and a complex inverted duplication 2p25.2p25.1 including 
the SOX11-gene. We also detected one case of a rarely 
described typical Apert syndrome caused by insertion of 
an Alu-element in an intronic region of FGFR2. Also, a new 
case of TCF12-related bicoronal synostosis caused by a novel 
likely pathogenic splice-variant was detected. Furthermore, 
in additional patients with mostly syndromic forms of CS, we 
detected VOUSs in ATRX, CHD5, CHD7, ERF, HDAC9, HUWE1, 
LTBP1, MAP3K7, NOTCH2, NSD, PTCH1, SOS1, SPRY1, TGBR1, 
and ZNF462. 

Overall, potentially relevant variants were detected in 63% of 
the cases. In the remaining 37% with mostly nonsyndromic CS, 
no phenotypically relevant variants were observed. 

Conclusion: WGS/WES has the potential to detect both 
DNA- and structural variants and thereby contribute to further 
understanding of the genetic background of various forms of 
CS and craniofacial syndromes.
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In Vivo MRI Reveals Functional 
Vascularization of Gridded 3D Bioprinted 
Cartilaginous Constructs 

Lars Kölby1, Peter Apelgren1, Karin Säljö1,  
Mikael Montelius2, Anders Lindahl3, Paul Gatenholm4 
1Department of Plastic Surgery, Institute of Clinical Sciences, 
Sahlgrenska Academy, University of Gothenburg, Gothenburg, 
Sweden, 2Department of Radiation Physics, Institute of Clinical 
Sciences, Sahlgrenska Academy, University of Gothenburg, 
Gothenburg, Sweden, 3Department of Clinical Chemistry and 
Transfusion Medicine, Institute of Biomedicin, Sahlgrenska 
Academy, Gothenburg, Sweden, 43D Bioprinting Centre, 
Department of Chemistry and Chemical Engineering, Chalmers 
University of Technology, Gothenburg, Sweden

Establishing functional circulation in bioengineered tissue after 
implantation is vital for the delivery of oxygen and nutrients to 
the cells. Native cartilage is avascular and thrives on diffusion, 
which in turn depends on proximity to circulation. Here, 
we investigate whether a gridded three-dimensional (3D) 
bioprinted construct would allow ingrowth of blood vessels 
and thus prove a functional concept for vascularization of 
bioengineered tissue. Twenty 10 × 10 × 3-mm 3D-bioprinted 
nanocellulose constructs containing human nasal 
chondrocytes or cell-free controls were subcutaneously 
implanted in 20 nude mice. Over the next 3 months, the mice 
were sequentially imaged with a 7T small-animal MRI system, 
and the diffusion and perfusion parameters were analyzed. 
The chondrocytes survived and proliferated, and the shape 
of the constructs was well preserved. The diffusion coefficient 
was high and well preserved over time. The perfusion and 
diffusion patterns shown by MRI suggested that blood vessels 
develop over time in the 3D bioprinted constructs; the vessels 
were confirmed by histology and immunohistochemistry. We 
conclude that 3D bioprinted tissue with a gridded structure 
allows ingrowth of blood vessels and has the potential to be 
vascularized from the host. This is an essential step to take 
bioengineered tissue from the bench to clinical practice.

Identification of Intracellular Signalling 
Associated to Premature Cranial Suture 
Ossification in Children with Non-Syndromic 
Craniosynostosis 

Dr Mariangela Meyer1,2, Mrs. Shirley Bracken3, Prof Fergal 
J. O’Brien1,2,4, Dr Arlyng González-Vázquez1,2,  
Mr Dylan J. Murray3

1Tissue Engineering Research Group (TERG), Department of 
Anatomy and Regenerative Medicine, Royal College of Surgeons in 
Ireland (RCSI), Dublin, Ireland, 2Advanced Materials Bio-Engineering 
Research Centre (AMBER), RCSI and Trinity College Dublin (TCD), 
Dublin, Ireland, 3National Paediatric Craniofacial Centre, Children’s 
Health Ireland (CHI) at Temple Street, Dublin, Ireland, 4Trinity 
Centre for Bioengineering, TCD, Dublin, Ireland

Background/Objectives: Craniosynostosis (CS) is a 
developmental condition that affects 1 in 2100 children 
worldwide. The most common type of CS is the non-
syndromic (NS) variant, which has been associated to 
microenvironmental causes. Although, little is known 
about the signalling pathways that govern the skull suture 
premature ossification. Recently, our group has identified 
the stiffness-dependent upregulation of osteogenic and 
inflammation genes in fused-suture cells. Building on this, 
we aim to investigate the role of microenvironmental cues 
by utilising tissue-engineering (TE) techniques that allow us 
to mimic the composition of the CS skull, in order to identify 
new therapeutic strategies for CS and bone-healing-related 
conditions.

Methods:: Cells were isolated from calvaríal bone, patent 
(unfused) and fused sutures of children (5-28 months) 
diagnosed with NS-CS, undergoing cranial vault remodelling 
at the CHI at Temple Street, after parental consent and 
ethical approval were obtained. Cells were characterised 
by flow cytometry and their intrinsic differentiation capacity 
towards osseous and cartilagnous tissue was assessed by 
quantifying alkaline phosphatase (ALP) activity, extracellular 
matrix mineralization (bone markers) and glycosaminoglycan 
(GAG) deposition (cartilage marker). Cells were cultured 
on collagen-based substrates mimicking patent and fused 
extracellular matrix, to determine variations in their native 
behavior and differentiation potential. 

Results: Flow cytometry-based characterization showed 
that NS-CS cell populations retain features of progenitor 
cells, with different levels of maturation between groups. 
However, cells from patent sutures have the highest 
multilineage differentiation potential and self-renewal 
capacities. Furthermore, cells from fused sutures showed 
higher expression of key markers of osteogenesis such as 
ALP activity and calcium deposition, when stimulated with 
inductive growth factors. Cells from fused sutures cultured 
on 3D collagen-based substrates (scaffolds) were also able 
to undergo osteogenic differentiation quicker than cells 
from patent sutures, when stimulated with a combination of 
osteoinductive biochemical and biophysical cues. Finally, 
both cells from patent and fused sutures showed enhanced 
sensitivity to chondroinductive biochemical and biophysical 
cues, which successfully led to GAG deposition.

Conclusions: This study identified differences in 
responsiveness between cells from fused and patent sutures, 
confirming an accelerated bone formation capacity in fused 
sutures, which depend on specific cues in the surrounding 
microenvironment.
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A Computational Framework to 
Optimise the Management of Sagittal 
Craniosynostosis

Mr Connor Cross1, Dr. Roman H. Khonsari2, Dr. Giovanna 
Patermoster3, Dr. Dawid Larysz4, Dr. Lars Kölby5, Dr. David 
Johnson6, Dr. Mehran Moazen1

1Department of Mechanical Engineering, University College 
London, London, United Kingdom, 2Department of Maxillofacial 
Surgery and Plastic Surgery, Necker – Enfants Malades Hospital, 
Paris, France, 3Department of Neurosurgery, Craniofacial 16 
surgery unit, Necker – Enfants Malades Hospital,, Paris, France, 
4Department of Head and Neck Surgery for Children and 
Adolescents. University of Warmia and Mazury, Olsztyn, Poland, 
5Department of Plastic Surgery, Sahlgrenska University Hospital, 
University of Gothenburg, Gothenburg, Sweden, 6Oxford 
Craniofacial Unit, Oxford University Hospital, , United Kingdom

Background: Clinical management of scaphocephaly is 
an ongoing area of debate in the craniofacial community. 
Several studies have investigated and compared the 
impacts of various surgical techniques on the long-term 
morphology and, more limited, cognitive characteristics. 
Computational models are a promising tool to predict the 
calvarial growth and optimise the management of this 
condition. This study aimed to present a computational 
framework for predicting postoperative outcomes of sagittal 
craniosynostosis across nine replicated surgical techniques. 

Materials and Methods: A single computed tomography 
image of a single preoperative sagittal craniosynostosis 
child skull at the age of 4 months was used for model 
development. The calvarial bones, sutures, and the 
complete intracranial volume (ICV) were segmented. 
The virtual operation was performed and calvarial 
growth was simulated to develop a validated model of 
calvarial growth in this patient. The preoperative model 
was reconstructed using nine additional techniques: 
denoted as Renier’s ‘H’, modified Renier’s ‘H’, endoscopic, 
strip cranioplasty, and two variations of spring-assisted 
craniectomy, which consisted of two or three springs, 
respectively, were replicated across the 4 months of age 
model. For comparison, The Renier’s ‘H’ technique was 
also performed across the model at the preoperative age 
of 6 months, along with two variations of total calvarial 
remodelling performed at 12 months of age. Skull growth 
was simulated across all techniques up to 76 months of age 
and the pattern of bone formation, contact pressure at 
the intracranial volume and overall skull morphology were 
compared.

Results: Results overall highlighted that the more invasive 
techniques can potentially lead to a higher cephalic index 
compared to the less invasive techniques by 76 months 
of age. Further, the predicted contact pressure maps 
highlighted a lower level of pressure over the surface of 
the expanding brain for the two considered total calvarial 
remodelling techniques as opposed to the other considered 
techniques.

Conclusions: We believe the presented approach provides 
novel data assisting the clinical management of sagittal 
craniosynostosis by estimating the postoperative outcomes. 
Further work is required to further validate the outcome of 
this study and apply the same methodology to optimise the 
management of more complex forms of craniosynostosis. 

Automatic Location Systems for Anatomical 
Landmarks

Professor Soh Nishimoto1, Kenichiro Kawai1, Toshihiro 
Fujiwara1, Hisako Ishise1, Takuya Saito1, Masao Kakibuchi1

1Hyogo Medical University, Department of Plastic Surgery, 
Nishinomiya, Japan

Aim: Cephalometric evaluation is playing a very important 
role in assessing the condition of a craniosynostosis patient. 
The assessment has been done on the conventional 
2-dimensional cephalograms. Nowadays, in some institutions, 
3-dimensional cephalograms are used. Measurements are 
done based on the geometric relationships between the 
anatomical landmarks. Plotting the landmarks is a crucial 
and time-consuming procedure. The development of an 
automated cephalogram analyzing system will be a great 
help for practitioners. The aim of this study is to develop 
automated landmark locating systems, utilizing multi-phase 
deep learning. 

Methods: 2-dimensional cephalograms were obtained from 
a website (http://www-o.ntust.edu.tw/~cweiwang/ISBI2015/). 
A system with regressional convolutional neural networks of 
three phases was developed. The first phase network was 
to determine the approximate position of each landmark, 
inputting the whole area of compressed original images. The 
secondary networks were to narrow down the area, based 
on the first phase prediction. The third phase networks were 
trained by small areas around respective landmarks, with 
original resolution. The system was trained with 150 training 
datasets. Validation was done by inputting 250 testing 
datasets, which were not used for the training.

CT images were obtained from a publicly available database 
(wiki.cancerimagingarchive.net). Digital reconstruction was 
done to obtain 3-dimensional models. Sixteen landmarks 
were plotted on the models and coordinate values of them 
were recorded. A regressional system with 3-dimensional 
input, based on the same concept for the 2-dimensional 
cephalograms was developed. Networks were trained with 90 
cases and validated with 30 cases.

Results: For the 2-dimensional cephalograms, the overall 
discrepancy between 4750 predicted and corresponding 
ground truth points was 13.88 pixels (10pixels=1mm).

The average 3-dimensional distance between the predicted 
landmarks and corresponding ground truth points was 
2.89 pixels (512pixels=500mm). This was comparable to the 
gaps between the landmarks, plotted by two experienced 
practitioners.

Discussion: The computation volume required to process 
images for deep learning is large. Moreover, processing a 
3-dimensional pile of images requires a tremendous amount. 
Our proposing method of multi-phased prediction, coarse 
detection first and narrowing down the detection area, 
maybe a possible solution.
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Analysis of the single-cell transcriptomics data highlights 
striking differences in the mutant animals compared to wild-
type mice, including apparent ectopic cells with a neuronal 
signature.

Conclusion: Our findings uncover a new disease locus 
involved in craniosynostosis and highlight the importance 
of regulatory mutations in the causation of developmental 
disorders in humans.

Rearrangements at Chromosome 1p31.3:  
A New Causal Locus for Craniosynostosis

Dr Eduardo Calpena1, Dr Hana Mlcochova1, Dr Akiko 
Hashimoto1, Dr Nils Koelling1, Dr Simon J McGowan1, 
Dr Samantha JL Knight2, Dr Sigrid MA Swagemakers3, 
Dr Damien J Downes1, Dr Ron Schwessinger1, Dr Jim R 
Hughes1, Dr Philip Hublitz1, Dr Jackie A Sloane-Stanley1,  
Dr Dagmara Korona1, Dr Jacqueline AC Goos3, Dr 
Marieke F van Dooren3, Dr David Johnson4, Dr Steven A 
Wall4, Dr Jenny EV Morton5, Dr Louise C Wilson6, Dr Jenny  
C Taylor2, Dr Karen E Heath7, Dr Stephen RF Twigg1, Dr Irene 
MJ Mathijssen3, Dr Andrew OM Wilkie1,
1MRC Weatherall Institute of Molecular Medicine, University of 
Oxford, Oxford, United Kingdom, 2Wellcome Centre for Human 
Genetics, University of Oxford, Oxford, United Kingdom, 3Erasmus 
University Medical Center, Rotterdam, Netherlands, 4Craniofacial 
Unit, Oxford University Hospitals NHS Foundation Trust, John 
Radcliffe Hospital, Oxford, United Kingdom, 5Birmingham Women’s 
and Children’s Hospitals NHS Foundation Trust, Birmingham, 
United Kingdom, 6Clinical Genetics, Great Ormond Street Hospital 
for Children NHS Foundation Trust, London, United Kingdom, 
7Institute of Medical and Molecular Genetics (INGEMM) & Skeletal 
dysplasia multidisciplinary Unit (UMDE), Hospital Universitario La 
Paz-IdiPAZ, and CIBERER, ISCIII, Madrid, Spain

Background: Identification of novel monogenic causes 
of craniosynostosis has greatly accelerated through the 
implementation of next-generation sequencing, but 
outside the coding-regions, detecting and interpreting the 
pathogenic implications of sequence changes remains 
challenging. The notion that the 3D genome is organised 
into fundamental regulatory units termed “topologically 
associating domains” (TADs), has recently been used to 
explain the molecular pathology underlying clinically 
significant chromosomal rearrangements. Here, we aimed 
to identify the underlying cause in genetically undiagnosed 
craniosynostosis cases, including two of the largest multi-
generation craniosynostosis families in the UK.

Methods: : We performed whole-genome sequencing (WGS), 
capture-based targeted resequencing of >320 unsolved 
craniosynostosis patients, capture-C using patient cells and 
single-cell transcriptomics using embryonic craniofacial tissue 
from CRISPR/Cas9-engineered mutant mouse models.

Results: By WGS we identified heterozygous rearrangements 
at chr1p31.3 that fully co-segregate with craniosynostosis 
in 11 affected individuals from 3 independent families, 
and characterised another two rearrangements through 
targeted resequencing. These genetic lesions, an 11.5 kb 
tandem duplication and four overlapping deletions (≥275 
kb) flank the FOXD3 gene, which encodes a pioneer winged-
helix transcription factor critical for early development of 
embryonic stem cells and neural crest, but has not been 
previously implicated in craniosynostosis. The deletions 
remove the TAD boundary and both computational 
predictions and capture-C experiments support the fusion of 
adjacent TADs. The duplication lies in non-coding sequence 
~193 kb away from FOXD3, which encompasses a highly 
conserved 1.3 kb region that in chicken was shown to act 
as a neural crest Foxd3 enhancer. We have generated a 
mouse model containing the equivalent duplication, which 
manifests synostosis of the lambdoid and coronal sutures in 
84% and 20% of homozygotes, respectively, supporting the 
pathogenicity of this duplication. 
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Practical Use of Augmented Reality in 
Craniofacial Surgery

Dr Yoshiaki Sakamoto1,2, Dr Tomoru Miwa1,3,  
Dr Hiroki Kajita1, Dr Yoshifumi Takatsume4

1Craniofacial Unit, Keio University School of Medicine, Shinjuku-
ku, Japan, 2Department of Plastic and Reconstructive Surgery, 
Keio University School of Medicine, Shinjuku-ku, Japan, 
3Department of Neurosurgery, Keio University School of 
Medicine, Shinjuku-ku, Japan, 4Department of Clinical Anatomy, 
Keio University School of Medicine, Shinjuku-ku, Japan

Background: Augmented reality (AR) is a novel technology 
that offers an extended view of the real-world environment 
that a person can see because of the additional virtual 
visual data displayed in augmentation to the real-world 
settings. Various medical innovations are anticipated to be 
available for application in surgery. Herein, we describe 
the potential application of an AR device in craniofacial 
surgery.

Method: AR-enabled smart-glasses were used, into which 
preoperative computed tomograms were imported. The 
surgeon performed the procedure while wearing the smart-
glasses with surgical guidance provided by the AR images, 
which were shared with an assistant via a monitor.

Results: The AR-enabled smart-glasses were used 
for performing posterior distraction and monobloc 
advancement techniques. In posterior distraction, 
the transverse sinus along with bone data could 
be superimposed over the actual cranium, which 
made it easier to set the osteotomy line. In monobloc 
advancement, AR was useful for PMJ reduction 
and confirming the direction of the chisel during the 
disarticulation of the nasal septum.

Conclusion: Although there are still improvements to 
be made, these results suggest that AR could be highly 
applicable in the field of craniofacial surgery.

Innovative Noninvasive Therapeutic 
Approach for Crouzon Syndrome Through 
FGFR2 Gene Knockdown by Recombinant 
Human Ferritin-Based Targeted siRNA 
Delivery

PhD Federica Tiberio1, M.Sc Biotechnology Martina 
Salvati1, PhD Elisabetta Falvo2, MD, PhD Luca Massimi3, PhD 
Alessandro Arcovito4, MD, PhD Gianpiero Tamburrini3, MD, 
PhD Wanda Lattanzi1

1Dipartimento di Scienze della Vita e Sanità Pubblica, Università 
Cattolica del Sacro Cuore, Rome, , 2Istituto di Biologia Molecolare 
e Patologia, Consiglio Nazionale delle Ricerche, Rome, , 
3Dipartimento Scienze dell’invecchiamento, neurologiche, 
ortopediche e della testa-collo, Fondazione Policlinico 
Universitario A. Gemelli IRCCS, Rome, , 4Dipartimento di Scienze 
Biotecnologiche di Base, Cliniche Intensivologiche, e Perioperatorie, 
Università Cattolica del Sacro Cuore, Rome, 

Background: Crouzon syndrome (CS) is a rare craniofacial 
malformation caused by missense gain-of-function mutations 
in the Fibroblast Growth Factor Receptor 2 (FGFR2) gene and 
characterized by craniosynostosis as a hallmark. Currently the 
mainstay of CS treatment remains surgery, usually repeated, 
to release the skull constraint that impairs brain growth. Post-
surgical relapses occur in up to 40% cases requiring further 
operations associated with severe morbidities. The aim of 
this project is to develop a noninvasive therapy for CS using 
allele-specific siRNAs targeting the mutant FGFR2 allele, 
delivered by recombinant human ferritin (HFt) as a highly 
biocompatible nanocarrier. This strategy is intended to restore 
FGFR2 signaling, thus hampering the aberrant FGFR2-induced 
osteogenesis and the subsequent premature suture fusion.

Method: Calvarial mesenchymal stromal cells (CMSCs) were 
isolated from calvarial tissue collected as surgical waste 
from FGFR2 mutation-positive CS patients. A set of siRNA 
specifically targeting the mutant FGFR2-alleles of each 
patient enrolled was designed and tested in patient cells. 
The efficiency of each siRNA was evaluated through real 
time PCR. The expression of the receptor of ferritin CD71 was 
investigated using real time PCR. CMSCs were incubated 
with fluorescein isothiocyanate-labeled HFt and the cellular 
uptake of the construct was analysed using fluorescence 
microscopy. Lastly, siRNAs have been encapsulated within 
ferritin cavity performing pH-dependent procedure and 
HFt-siRNAs complexes were tested in CMSCs using Incucyte 
Live-cells analysis system.

Results: Gene expression analysis allowed identifying specific 
siRNAs with differential knockdown efficiency between wild-
type and mutant FGFR2 alleles in CMSCs derived from CS 
patients. In addition, expression analysis revealed that CD71 
was up-regulated during osteogenic differentiation of CMSCs. 
Fluorescence microscopy showed an efficient internalization 
of HFt within CMSCs cytoplasm. Preliminary results with HFt-
based nanoparticles showed so far that, though siRNAs can 
be encapsulated in HFt, their intracellular trafficking is poorly 
detectable.

Conclusion: Our data suggested that allele-specific FGFR2 
knockdown by siRNA represents a desirable strategy to silence 
FGFR2 mutant allele in CS patients. We also demonstrated 
that HFt is suitable for delivery in CMSC. Future studies aim to 
optimize the intracellular trafficking and siRNAs release upon 
HFt internalization.
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Assessment of Le Fort III Distraction for 
Syndromic Craniosynostosis: Internal Vs. 
External Device

Dr. Mariko Noto1, Dr. Keisuke Imai1, Dr. Takaharu Hatano1, 
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1Department of Plastic & Reconstructive Surgery, Osaka City 
General Hospital, Osaka, Japan

Background: Le Fort III distraction for syndromic 
craniosynostosis is performed with internal or external devices. 
However, there are few reports detailing their comparison 
in one institute. We compared both devices based on the 
clinical results.

Patients and Methods: We performed a retrospective 
assessment of syndromic craniosynostosis cases treated with 
Le Fort III distraction with internal or external devices between 
2001 and 2021. Demographic data, surgical-related data, 
and complications were verified via medical records. We 
analyzed the association with each parameter for both 
devices.

Results: We included 57 patients who were diagnosed 
with syndromic craniosynostosis and treated with Le Fort III 
distraction. 

External device: Thirty-two patients (20 male and 12 female) 
were diagnosed with Apert syndrome (n=11), Crouzon 
syndrome (n=19), and another syndrome (n=2). Mean age 
at surgery was 11.7 years; the mean operating time was 6.6 
hours. The mean blood transfusion volume required was 28.0 
mL/kg, while the mean elongation length was 20.0 mm. 

One major complication (cranial bone fracture) and six minor 
complications (five device problems and one dysphagia) 
were observed. The minor complications were significantly 
related to the elongation length (p=0.044). Class III occlusion 
reoccurred in 11 patients.

Internal device: Twenty-five patients (14 male and 11 female) 
were diagnosed with Apert syndrome (n=11), Crouzon 
syndrome (n=8), and Pfeiffer syndrome (n=6). Mean age at 
surgery was 10.4 years; the mean operating time was 5.8 
hours. The mean blood transfusion volume required was 37.5 
mL/kg, while the mean elongation length was 20.0 mm. 

Seven major complications (three device problems, two 
infection, two blind) and eight minor complications (three 
zygomatic-maxillary greenstick fractures, two local infections, 
two trismus, one subcutaneous effusion) were observed. 
The elongation length was significantly related to device 
problems (p=0.005) and infections (p=0.049). Class III occlusion 
reoccurred in eight patients.

Assessment of External vs. Internal Devices

There was a significant difference in the complications 
observed (p=0.0009). No significant association was observed 
in the results with other parameters when external or internal 
devices were used. 

Conclusion: This study demonstrates that each device has 
its own advantages and disadvantages. However, external 
devices showed significantly fewer complications than 
internal devices.

A Prototype to Measure Distraction Forces 
During Frontofacial Advancement

Dr Alessandro Borghi1,2, Mr Aitor Zabala Monasterio1,  
Mr Juling Ong2, Mr Noor Ul Owase Jeelani1,2, Dr Steve 
Taylor1, Prof Silvia Schievano1,2, Prof David Dunaway1,2

1University College London, London, United Kingdom,  
2Great Ormond Street Hospital, London, United Kingdom

Measurement of magnitude and directions of distraction 
forces exerted by the rigid external distractor (RED, KLS 
Martin) frame during mid-face advancement would provide 
important information for optimal distraction planning, and 
improved functional and aesthetic outcomes.

Initially, a numerical model of the RED frame was created, 
and the mechanical strains experienced by the wire 
connectors were estimated during the application of 
symmetric ~20 N distraction forces acting at 0-60º from the 
horizontal plane. A replica of the RED frame wire connectors 
was manufactured in aluminum and instrumented with 
strain gauges (SG). The wire connectors were loaded with 
5-20 N forces at 0-60º via calibrated weights. Multiple linear 
regression (MLR) was carried out between SG sensitivity and 
axial (horizontal) and shear (vertical) force components to 
carry out instrument calibration. The instrumented red frame 
was then tested on a set of 3D printed skull replicas to assess 
the capability of 1) monitoring and quantifying the distraction 
vector and 2) monitor asymmetric (left vs right) distraction 
force. 

The instrumented RED frame showed good response linearity 
for all SGs (R2 = 96.1~99.3%) MLR allowed for effective 
separation of the horizontal (error = 1.2±0.9N) and vertical 
(error = 0.17±0.3N) components of the distraction force. 
Distraction vector was quantified +/- 7deg and imbalance in 
recorded distraction force was always higher in skull models 
where an incomplete osteotomy was replicated. 

Magnitude and direction of distraction forces can be 
measured using an instrumented RED frame, with effective 
separation of force components and with a resolution 
of ~1-2 N. The proposed method could allow continuous 
monitoring of the distraction process and provide real time 
information in case of treatment complications. In the next 
step, measurements from realistic anatomical phantoms will 
be acquired, before moving to tests in patients
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Clinical Application of a 3D Intraoperative 
Guide Template Using 3D Planning Software 
for Le Fort III Distraction with an Internal 
Device

Daisuke Sakahara1, Keisuke Imai1

1Osaka City General Hospital, Osaka-city , Japan

Objective: Le Fort III distraction is used for midface 
hypoplasia in syndromic craniosynostosis. This device is 
both internal and external in type. Intraoperatively, the 
fixation position of the device is important because it is 
difficult to change the direction of extension after surgery 
using the internal device. Till now it has been problematic 
to accurately align the device because it was difficult to fix 
a reference point on the cranium. In this study, we used a 
3D planning software to create an intraoperative support 
guide template for the fixation of the internal device before 
surgery.

Patients and Methods: Eight patients with Syndromic 
Craniosynostosis who underwent Le Fort III distraction with 
internal device were included. Preoperatively, the fixation 
position and extension direction of the distraction were 
determined using a 3D planning software before the surgery. 
In addition, a helmet-shaped template was created in the 
software so that the direction of the extension could be 
visually confirmed. A helmet-shaped template was then 
created as a 3D model based on the data which was 
sterilized and used as guide templates for actual surgeries. 
After the surgery, the accuracy of the model was evaluated 
using 3DCT and cephalograms.

Results: The helmet-shaped template matched the 
forehead plane and was well fixed with no misalignment. 
The internal device was fixed as per preoperative 
simulation, allowing for Le fort III distraction as planned. The 
postoperative 3DCT and cephalometric images showed no 
clinical error in any of the patients.

Conclusion: The guide template created in this study 
accurately defined the reference point and helped fix the 
direction of extension as simulated. Reliable determination 
of the appropriate alignment was possible. As a result, it was 
possible to obtain the lateral aspect and occlusal position 
as planned preoperatively. 

Analysis of the Facial Asymmetry in Patients 
with Coronal Craniosynostosis Syndromes by 
Using 3D Stereophotogrammetry

Mr. Xianjing Liu1,2, T. M. Choi1, Tareq Abdel-Alim2,3,  
M. L. C. van Veelen3, I. M. J. Mathijssen4, E. B. Wolvius1,  
G. V. Roshchupkin2,5

1Department of Oral Maxillofacial Surgery, Dutch Craniofacial 
Centre, Erasmus Medical Centre, Rotterdam, The Netherlands, 
2Department of Radiology and Nuclear Medicine, Erasmus 
Medical Centre, Rotterdam, The Netherlands, 3Department 
of Neurosurgery, Erasmus Medical Centre, Rotterdam, The 
Netherlands, 4Department of Plastic and Reconstructive 
Surgery and Hand Surgery, Dutch Craniofacial Centre, Erasmus 
Medical Centre, Rotterdam, The Netherlands, 5Department 
of Epidemiology, Erasmus Medical Centre, Rotterdam, The 
Netherlands

Craniosynostosis is the premature fusion of one or more 
cranial sutures, resulting in abnormal cranial shape and 
an asymmetric facial morphology. Despite early surgical 
correction of craniosynostosis, patients still may have 
conspicuous asymmetric facial features during childhood. 
The aim of our study is to determine the severity of facial 
asymmetry in such patients.

Our study includes 46 patients (mean age: 10.7+- SD 3.1): with 
Muenke syndrome (N=23), Saethre-Chotzen syndrome (N=13) 
and TCF12-related (N=10) craniosynostosis, and 89 healthy 
controls (mean age:10.8+- SD 1.7). All syndromic patients 
have undergone one open craniofacial surgery between 6 
and 15 months old. 

We developed an automatic framework for evaluation of 
facial asymmetry in 3D stereophotogrammetry. We took 
the facial shape of each subject as input, and generated 
a mirrored reflection of it. Then the mirror was automatically 
aligned with the input via rigid registration. We computed the 
dense error between these two aligned facial shapes. Finally, 
two quantitative outcomes were produced for each subject: 
1) a facial heatmap based on the dense error, where zero-
error regions are perfectly symmetric while higher-error regions 
are more asymmetric; 2) a facial asymmetry index (FAI) based 
on the mean of the error.

We performed logistic regression for case-controls using the 
FAI as independent variable together with age and gender as 
covariates. 

The FAI of all cases ranges from 0.45 to 2.22 mm, with the 
mean 1.07 +- SD 0.49 mm; The FAI of controls ranges from 0.25 
to 0.78 mm, with the mean 0.49 +- SD 0.12 mm.

In logistic regression analysis between controls and all cases, 
the odds ratio (OR) of FAI is 125 (p-value: 7.1e-7). In the further 
stratification analysis, for Muenke syndrome only, OR 146, 
p-value 4.3e-5; for Saethre-Chotzen syndrome only, OR 8, 
p-value 1.0e-3; for TCF12-related craniosynostosis only, OR 58, 
p-value 3.6e-3.

Most severe regions of asymmetry in our syndromic patients 
include the forehead, browridge, dorsum nasi and chin.

Despite surgical correction of craniosynostosis, patients show 
significant facial asymmetry compared to the age-matched 
healthy controls. We expect the proposed framework can 
help clinicians to assist in diagnosis, surgical planning, and 
treatment evaluation of craniosynostosis. 
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Effect of Midface Surgery on Ocular 
Outcomes in Children with Orbital 
Malformations

Drs. Parinaz Rostamzad1, Dr. Mieke M. Pleumeekers1,  
Dr. Sarah L. Versnel1, Dr. Maarten J. Koudstaal2,  
Dr. Sjoukje E. Loudon3

1Department of Plastic and Reconstructive surgery, Erasmus 
Medical Center, Rotterdam, Netherlands, 2Department of Oral 
and Maxillofacial surgery, Erasmus Medical Center, Rotterdam, 
Netherlands, 3Department of Ophthalmology, Erasmus Medical 
Center, Rotterdam, Netherlands

Background: Orbital malformations including hypertelorism, 
vertical orbital dystopia, and midface hypoplasia occur in 
multiple craniofacial disorders. Depending on the deformity 
surgical techniques include Le Fort III (LFIII), Monobloc, 
Orbital box osteotomy (OBO), and Facial bipartition (FB). Aim 
was to determine the effect of these procedures on ocular 
outcomes. 

Methods: A retrospective analysis was performed. Pre- 
and postoperative examinations were assessed from the 
electronic medical records with a maximum follow-up of 18 
months postoperatively. Included were patients with orbital 
malformations who have had midface surgery. 

Results: In total 65 patients were included. Twenty-one 
patients were treated by LFIII, 26 by Monobloc, and 16 by FB, 
and two by OBO. Pre-operatively papilledema was present 
in 10 patients (15.4%). Papilledema was improved in three 
Crouzon treated by LFIII, three Apert treated by Monobloc, 
and three Crouzon treated by Monobloc. Strabismus was 
pre-operatively present in 47 patients (72.3%). Strabismus was 
improved in two Crouzon treated by Monobloc. Strabismus 
was worsened in four CFNS patients and one Crouzon treated 
by FB. Visual acuity (VA) was improved in four eyes of Apert 
and four eyes of Crouzon, treated by LFIII. It was improved 
in four eyes in Apert, and six eyes in Crouzon treated by 
Monobloc. Finally, VA was improved in one eye of Apert, 
three eyes in Crouzon, and six eyes in CFNS patients treated 
by FB. VA was worsened in seven eyes in Apert, and four eyes 
in Crouzon treated by monobloc. VA was worsened in six 
eyes of CFNS treated by FB. Binocular vision was improved 
in two Crouzon patients treated by LFIII, one Crouzon 
treated by Monobloc, and five CFNS patients treated by FB. 
Postoperatively, four patients developed diplopia, two of 
which were Crouzon patients treated by LFIII, one Crouzon 
treated by Monobloc, and one CFNS treated by FB, which 
resolved in all cases after one month. 

Conclusion: Little is known about the effect of midface 
surgery on functional ocular outcomes and motility. This 
study emphasizes the importance of properly evaluating 
the indication and timing for surgical correction of orbital 
malformations. 

Perioperative Airway Management 
in Midface Surgery in Syndromic 
Craniosynostosis: An ERN CRANIO 
Multicentre Study

Drs. Iris Cuperus1, ERN CRANIO workgroup
1Dutch Craniofacial Centre, Erasmus Medical Centre - Sophia 
Children’s Hospital, Department of Plastic and Reconstructive 
Surgery and Hand Surgery, Rotterdam, The Netherlands

Background: Children with Apert and Crouzon syndrome 
have a high prevalence of severe midface hypoplasia and 
exorbitism, often requiring midface surgery. Perioperative 
airway management in these procedures can be challenging 
due to patients’ aberrant anatomy, high prevalence of OSA, 
profuse intraoperative bleeding, and postoperative swelling. 
Standard Operating Procedures differ among hospitals and 
often lack scientific foundation. This international study, 
conducted at seven craniofacial centres, aims to assess 
perioperative airway management, and safety of immediate 
extubation, after midface surgery in Apert and Crouzon 
patients. 

Method: An ERN CRANIO multicentre retrospective 
cohort study was performed to obtain information about 
timing of extubation, perioperative airway management, 
and respiratory complications after monobloc/ le Fort III 
procedures. 

Results: A total of 218 midface surgeries, 92 monobloc and 
126 le Fort III procedures, in 201 patients were included; 61 
patients received immediate extubation (IEX), 115 received 
delayed extubation (DEX), 33 had long-term tracheostomies 
(LTT) because of severe OSA, and 9 had perioperative short-
term tracheostomies (STT). There was no difference in median 
age, OSA severity, and median intraoperative blood loss 
between the IEX, DEX, and STT group (p > 0.05). DEX patients 
were intubated for a median of 2 days (1 – 3 IQR). Twenty-
four (39.3%) in the IEX, 67 (58.2%) in the DEX, 21 (63.6%) in the 
LTT, and 6 (75%) patients in the STT group needed respiratory 
support after extubation, mainly short-term oxygen support. In 
the IEX 1 (1.6%) patient and 7 (6.1%) patients in the DEX group 
had to be reintubated, mostly due to obstructive breathing. 
No (0%) patient in the IEX group, 15 (13%) in the DEX group, 0 
(0%) in the LTT group, and 3 (33%) in the STT group developed 
postoperative pneumonia. 

Conclusion: These preliminary results show that immediate 
extubation after midface surgery in children with Apert or 
Crouzon syndrome may be a safe option, even in case 
of severe perioperative haemorrhage or OSA. Immediate 
extubation may lower the risk of respiratory complications. 
Delayed extubation and short-term tracheostomy could be 
associated with a higher risk of respiratory complications.
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The Impact of Obstructive Sleep Apnea 
on Growth in Patients with Syndromic and 
Complex Craniosynostosis 

Ms. Sumin Yang1, Prof. Dr. Irene M.J. Mathijssen1,  
Prof. Dr. Koen F.M. Joosten1

1Erasmus Medical Center, Rotterdam, The Netherlands

Introduction: Given the high prevalence of OSA in children 
with syndromic and complex craniosynostosis (SCC) and the 
consequences of untreated OSA, it is important to assess 
the nutritional status and growth in this patient population. 
Yet, literature regarding growth in children with SCC remains 
scarce. Therefore, this study aimed to 1) illustrate the growth 
pattern in children with SCC, 2) determine the impact of 
OSA on this growth pattern, and 3) evaluate the effect of 
surgical treatment of OSA on growth over time.

Methods: : A retrospective study was performed in children 
with SCC, who are treated at the Dutch Craniofacial Center 
(Erasmus University Medical Center Sophia Children’s 
Hospital, Rotterdam, The Netherlands). Growth variables 
(height, weight, weight-for-age SDS, weight-for-height SDS, 
and height-for-age SDS) and degree of OSA (obstructive 
apnea-hypopnea index) were assessed. 

Results: Of the 153 children with SCC, 38 (25%) were acutely 
malnourished at some point during follow-up, of whom 
21 had disease-related acute malnutrition. Children with 
moderate-severe OSA had significant lower weight-for-
height SDS compared to children without OSA (p = 0.0063). 
Growth parameters (weight-for-age SDS, weight-for-height 
SDS, height-for-age SDS) in children with SCC without OSA 
were not impaired as it did not differ from the normal 
healthy population, with exception of the patients with 
Saethre-Chotzen syndrome (SCS) who had a significantly 
lower SDS for height-for-age.

Conclusion: Children with SCC have a substantial chance 
of developing acute malnutrition at some point during 
growth. Additionally, in children with moderate-severe 
OSA a significant lower SDS for weight-for-height is present, 
indicating the importance of assessing the weight and 
growth pattern in children who are clinically suspected for 
OSA.

A Quantitative Photogrammetric Analysis of 
Soft Tissue Changes Between LeFort III and 
Monobloc Frontofacial Advancement in 
Syndromic Craniosynostosis

Dr. Daniel Cho1, Mr. Dillan Villavisanis1, Ms. Jessica Blum1, 
Dr. Jordan Swanson1, Dr. Scott Bartlett1, Dr. Jesse Taylor1

1Children’s Hospital of Philadelphia, Philadelphia, United States

Background:

LeFort III and monobloc frontofacial advancements are 
powerful tools to address the bony skeleton of patients with 
syndromic craniosynostosis. However, their effect of the soft 
tissues of the face have not been well characterized. The aim 
of this study was to perform a quantitative photogrammetric 
analysis of the soft tissue changes achieved with these 
procedures.

Methods: Patients undergoing LeFort III and monobloc 
advancements at the Children’s Hospital of Philadelphia with 
pre- and postoperative clinical photographs were included 
in this retrospective study. Image J was used to measure soft 
tissue anatomy in pixels and determine facial convexity and 
canthal tilt angles. Standardized ratios were established by 
dividing soft tissue anatomic measurements by facial height 
or width in pixels. Pre- and postoperative measurements were 
compared with paired t-tests.

Results: 19 patients (8 Crouzon, 7 Pfeiffer, 3 Apert) undergoing 
monobloc (n = 11) and Le Fort III distraction osteogenesis 
(n = 8) were analyzed preoperatively and 9.5 ± 8.6 months 
postoperatively. Patients achieved an average of 20.0° ± 
11.9° improvement in facial convexity (191.4° ± 11.7° vs 211.4° 
± 8.7°, p < 0.001). Patients demonstrated significantly greater 
nasal length ratios (29.7% vs 32.3%, p < 0.001) and nasal width 
ratios (25.0% vs 29.8%, p < 0.001) postoperatively. Intercanthal 
ratio increased from 27.7% to 29.8% (p = 0.001) while palpebral 
height (7.2% vs 5.1%, p < 0.001) and width (22.1% vs 21.4%, p 
= 0.011) ratios decreased. Patients demonstrated significant 
worsening of canthal tilt symmetry postoperatively (1.9° vs 3.7° 
difference between eyes, p = 0.046). 

Conclusions: Midface surgery yields quantifiable changes 
in soft tissue anatomy for patients with craniofacial 
syndromes. Patients achieved significantly greater facial 
convexity, increased nasal length and width, and reduced 
exophthalmos. Patients demonstrated worse symmetry in 
canal tilt angles, suggesting a role for canthopexy at the time 
of midface surgery. Patients undergoing LeFort III had more 
significant changes in the periorbital soft tissues consistent with 
a greater reduction in exorbitism compared to monobloc 
advancement. This toolbox of soft tissue analyses may be 
applicable in assessing soft tissue changes following other 
craniofacial surgeries. 
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Alterations in Sphenoid Anatomy in 
Craniosynostosis: Implications for  
Fronto-Orbital Advancement 

Gaia Santiago1, Chiara Santiago1, Alvin Nguyen1,  
Dr Akriti Choudhary1, Dr Linping Zhao1, Dr Chad Purnell1

1University of Illinois College of Medicine, Chicago, United States

Background: Fronto-orbital advancement requires removal 
of the fronto-orbital bandeau via an extra- and intracranial 
osteotomy. During this transitional osteotomy, visualization of 
the saw blade is lost as it passes through the fronto-orbital-
sphenoid junction. This places dura and parenchyma of 
the temporal lobe at risk of injury. We aim to provide a 
three-dimensional analysis of the space surrounding this 
osteotomy to determine differences amongst different types 
of craniosynostoses. 

Method: We reconstructed 3D skulls from head CT scans of 
30 patients with 6 different types of craniosynostosis (4 with 
Apert sydrome, 3 Crouzon syndrome, 2 Muenke syndrome, 6 
metopic, 6 nonsyndromic bicoronal, and 6 unicoronal), and 
landmarked them with 47 cephalometric points using Mimics 
24.0 (Materialise NV, Lueven, Belgium). Statistical analyses 
were performed to determine differences in the linear and 
volumetric measurements among the 6 groups. 

Results: Multiple significant differences were found amongst 
groups. The mean distance from the lateral orbital rim to 
cornea was significantly different among the 6 groups, with 
Apert syndrome having the largest (16.1±2.3mm) value. 
The average distance of the middle cranial fossa from the 
frontozygomatic suture was significantly different with Apert 
(10±3.4mm), Muenke (10.4±2.0) and bicoronal (9.5±1.6mm) 
having the smallest values. The mean cephalocaudal depth 
of the temporal lobe tip from the edge of the sphenoid 
was significantly different, with Apert having the largest 
average depth (38±11.6mm). The thickness of the fronto-
orbito-sphenoid junction at the level of the supraorbital 
rim was significantly different among the groups, with 
smallest values for the Apert (3.6±3.1mm) and bicoronal 
(3.7±1.3mm) groups. The mean distance from the cornea to 
the supraorbital rim, overall orbital depth, and overhang of 
the lesser sphenoid wing over the middle cranial fossa did not 
show significant differences among the groups. 

Conclusion: Patients with Apert syndrome have the most 
unfavorable morphology of the anterior and middle cranial 
fossae. They have the highest corneal overhang beyond the 
lateral orbit, a large projection of the middle cranial fossa 
anteriorly, the most vertically deep middle cranial fossa and 
the thinnest bone at the fronto-orbital-sphenoid junction, all 
of which make retraction and protection of the temporal lobe 
more challenging during fronto-orbital advancement. 

The Role of Airway Management on Feeding 
Difficulties in Children with Pfeiffer Syndrome

Ms Anne Markey1, Mr Joseph Salem1, Ms Wendy 
Blumenow1, Ms Emma Hogg1, Dr Emma McCann1,  
Ms Emily Yassaie1, Ms Anusha Hennedige1, Ms Sujata De1, 
Mr Sunil Sharma1

1Alder Hey Children’s Hospital NHS Foundation Trust, Liverpool, 
United Kingdom

Background: Pfeiffer syndrome is characterised by 
craniosynostosis, midface hypoplasia, broad thumbs and 
often multilevel airway obstruction. Airway management is 
often required, including the use of positive airway ventilation, 
nasopharyngeal airway or tracheostomy. 

Objectives: To assess the impact an airway adjunct can have 
on feeding difficulties in children with Pfeiffer syndrome.

Methods: : Retrospective review of patients diagnosed with 
Pfeiffer syndrome from January 1998 to January 2020 at one 
of England’s four supraregional Craniofacial Units, Alder Hey 
Children’s Hospital. Speech & Language Therapy case notes 
and medical notes were used to gather data, as well as 
the Oral Feeding Score component of the UK Craniofacial 
Outcome Score (COS). 

Results: Eleven patients were included. Six patients had 
no airway adjunct (55%): 3 had tracheostomy (27%) and 2 
patients had nasopharyngeal airway (18%). All patients with 
airway adjuncts were PEG/PEJ fed. Those who did not require 
an airway adjunct had an Oral Feeding Score of 4.60 (SD: 
0.49). The children who went on to have an airway adjunct 
had a mean pre-intervention Oral Feeding Score of 2.4 (SD 
0.8). The mean feeding score (pre- and post-airway adjunct) 
in the NPA group was 2.0, compared to the tracheostomy 
groups 3.0 and with patients with no additional adjunct 
scoring 4.1.

Conclusions: Children with Pfeiffer syndrome who require 
airway intervention have more significant feeding problems 
requiring feeding intervention. Although there were small 
numbers included in this study, there is a suggestion that 
airway adjuncts can contribute to feeding difficulties, 
particularly nasopharyngeal airways.
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The Challenges, Successes and 
Complications of Orthognathic 
Management of Severe Auriculocondylar 
(ACS) Syndrome

Professor Richard Hopper1

1Seattle Children’s Hospital, Seattle, United States

Background: Auriculocondylar syndrome (ACS) is an 
ultra-rare dysgnathia with an estimated incidence of 
1:1,000,000. It can often be inaccurately diagnosed as Pierre 
Robin sequence. Its core characteristics are micrognathia, 
frequent TMJ ankylosis, maxillo-mandibular dysgnathia and 
“question mark” ear deformities. Due the rare presentation 
and lack of case series, there are no accepted protocols 
for surgical management, making reliable outcomes 
challenging. Our purpose is to present our experience with 
four severe cases of ACS to stimulate discussion on the 
recommended approach for future cases. 

Methods: A chart review was performed on four pediatric 
patients with genetically confirmed ACS and severe airway 
obstruction who were treated at our Center from 2001-2022. 

Results: Three cases had skull base ankylosis and all required 
early tracheostomy. Surgical treatment evolved with each 
case, starting with mandible distraction osteogenesis (MDO) 
in isolation, and subsequently including maxillary surgery and 
autogenous TMJ reconstruction with rib grafts. Three patients 
were decannulated and gained limited jaw excursion.

Conclusion: Severe ACS is one of the most challenging 
congenital orthognathic conditions. MDO is unsuccessful in 
isolation. Our treatment has evolved to include a custom 
traction device to release and maintain ankylosis release, 
followed by maxillary impaction and placement of rib 
grafts for TMJ function. Inter-center sharing of ACS surgery 
experiences are required to work towards a standard 
approach for this rare but complex condition. 

Evolution of Craniofacial Surgery in Pakistan 
(Keeping the Passion Alive)

Dr. Ehtesham UlHaq1

1Bahria Hospital Rawalpindi, Islamabad, Pakistan

The purpose of this paper is sharing the experience of 
starting craniofacial surgery in Pakistan, its evolution and the 
challenges faced in establishing it as a specialty. A total of 
220 cases of syndromic and non-syndromic craniosynostosis 
were operated over a period of 13 years from May 2008 
to July 2022. 19 cases of craniofacial clefts including soft 
tissue correction and box osteotomies for correction of 
hypertelorism were carried out in the same period of time. 
Redo cases done were 09, correction of 07 cases of post 
traumatic craniofacial deformities was carried out. 01 case 
of craniopagus twins was managed which resulted in an 
unsuccessful separation. 04 cases of Sphenoid dysplasia and 
craniofacial dysplasia were done. Age range was from 03 
months to 25 years.

Methods: : Standard zigzag bi-coronal craniofacial approach 
was used. subciliary approach and direct nasal approaches 
were used where indicated in cases of hypertelorism along 
with bi-coronal incision. Bone grafts where required were 
utilized from the calvarium and rib. Osteosynthesis was 
carried out with wires and mini plates. No resorbable system 
was used. FOAR, TCR, Box osteotomies were the standard 
procedures carried out. Ancillary procedures included 
forehead remodeling along with box osteotomies in 01 
case. Additional soft tissue procedures were carried out in 
hypertelorism cases. Medial orbital wall reconstruction and 
nasal reconstruction was done in one case of encephalocele. 
Cleft surgery included soft tissue correction. Tissue expanders 
were used initially in case of craniopagus twins.

Results: 04 patients expired before end of surgery including 
one of the craniopagus twins. 01 of the separated 
craniopagus twins died after 04 days of the procedure. Major 
wound infection was encountered in 04 patients. Minor 
wound infection and extrusion of wires was encountered in 
03 patients. Prolonged CSF leak was encountered in cases of 
hypertelorism, which subsided spontaneously.

Conclusion: Establishing craniofacial surgery in a developing 
country poses unique challenges including forming a 
dedicated team, pediatric anesthesia and ICU care. Patients 
accepting congenital minor or moderate facial deformity 
and seeking late or no treatment at all. Poor follow up 
and failure to seek further treatment /multiple procedures 
compromising the final outcome.
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The Impact of COVID-19 Pandemic on 
Surgery at the Oxford Craniofacial Unit

Miss Rosanna Ching1, Mr Ben Swanson2, Mr Greg Thomas1, 
Mr Steven Wall1, Mr Jayaratnam JayaMohan; Mr Tim 
Lawrence; S Magdum, Mr David Johnson1

1Oxford Craniofacial Unit, Oxford, United Kingdom,  
2University of Oxford, Oxford, United Kingdom

Background: The preferred operating age for single-suture 
craniosynostosis at the Oxford Craniofacial Unit is 12-15 
months. This mitigates intraoperative risk, allows for ease 
of bony remodelling producing excellent reconstructions 
and reduces the need for revision surgery. The COVID-19 
pandemic however caused significant delays for children 
undergoing craniofacial surgery. This study aims to review the 
cohort of patients who were delayed to identify if any patient 
has come to identifiable harm.

Method: Theatre logbooks and electronic patient records 
were interrogated to identify all patients operated on for 
single-suture craniosynostosis since the onset of the pandemic 
and who have completed 3-months follow-up. All single-
suture cases from the immediately preceding 2-years were 
used for comparison. Patient age, diagnoses, procedure, 
volume of blood transfused, length of stay and the 
occurrence of any intra or post-operative complications were 
investigated.

Results: 73 patients were identified having had surgery since 
the onset of the pandemic (post-COVID) and 76 patients from 
the preceding 2-years (pre-COVID). There was no significant 
difference in the type of craniosynostosis operated upon, 
although performing TCR for sagittal synostosis was prioritised. 
The mean age at operation pre-COVID was 14 months, this 
was significantly extended to 22 months in the post-COVID 
cohort (p<0.001). On review of all other investigated variables, 
no other significant differences were identified.

Conclusion: The global pandemic led to operating for single-
suture craniosynostosis at a significantly later timepoint than 
pre-COVID. This, however, has not resulted in any identifiable 
harm at this early stage. Ongoing assessment of this cohort is 
planned.

Performing Cranial Vault Reconstructive 
Surgery for Craniosynostosis During the 
COVID-19 Pandemic at the National 
Paediatric Craniofacial Centre in Ireland

Doctor Lukas O Brien1,2, Ms Elaine Joy3, Mrs Shirley 
Bracken1, Mrs Noelle O Mahony1, Mr Dylan Murray1

1Temple Street Childrens University Hospital, Temple Street, 
Rotunda Dublin 1, Ireland, 2Royal College of Surgeons in Ireland , 
123 St Stephens Green , Ireland , 3University College Dublin School 
of Medicine , Belfield,Dublin 4, Ireland 

Background: The COVID-19 pandemic had a seismic impact 
on surgical activity across all specialties worldwide. At the 
beginning of the first COVID-19 wave, infection of patients, 
relatives, surgical teams and hospital staff caused delays to 
definitive treatment. For children with craniosynostosis the 
potential for delays was significant as the national service is 
provided by a single surgical team at the National Paediatric 
Craniofacial Centre (NPCC). Proactive protective backstops 
were introduced to pre-empt issues that could arise and 
cause a standstill alongside hospital measures namely, pre-
operative clinic appointment changed from 1 to 2 weeks pre-
operative to facilitate 2-week isolation for the child and family 
and PCR testing for child and or/parents. The aim of this study 
is to evaluate these measures.

Methods: A retrospective analysis of all cranial vault 
reconstructive (CVR) surgery from March 2020 to February 
2022 was undertaken including data on waiting lists, 
cancellations and patient outcomes. The data was reviewed 
against the backdrop of clinical practice changes introduced 
as a results of the Covid-19 public health advice and the 
accompanying waves.

Results: A total of 68 CVR surgeries were performed. 61.8% 
(n=42/68) took place without delay or cancellation. For the 
38.2% (n=26/68) cancelled the mean time to theatre after 
cancellation was 17 weeks (range 1 day to 80 weeks). No 
patient was cancelled due to an active COVID-19 infection. 
Most cancellations were due to blanket surgical ban at the 
beginning of wave 1 (March 2020) 42.03% (n=11/26), bed 
shortages 19.2% (n=5/26), RSV / other infection 19.2% (n=5/26). 
Waves of COVID-19 infection affected theatre volume with 
wave 2 (August 2020) and wave 3 (December 2020) seeing 
reduced CVR surgeries procedures of 1 and 2 respectively per 
month compared to mean 3.2 procedures.

Conclusions: Extra measures by the NPCC ensured CVR 
surgery during the COVID-19 pandemic was performed safely 
for both patients and staff. Although cancellations and delays 
were experienced by some patients, we believe these extra 
measures facilitated timely surgery for the majority and could 
be used to guide paediatric surgery during times of future 
pandemics. 
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Psychosocial Obstacles to Craniofacial 
Surgery – An Ethical Discussion

Åsa Munkhammar1, Karl Olsson1, Daniel Nowinski1

1Uppsala University Hospital, Uppsala, Sweden

Background: Patients’ psychosocial factors can become 
medical challenges and contribute to ethical dilemmas in 
providing advanced surgical care for craniofacial patients.

Case illustration: A teenaged patient with previously 
untreated Crouzon syndrome was treated by the 
craniofacial team at Uppsala University Hospital in Sweden. 
Several psychosocial factors interacted to make this 
patient’s case challenging. This included the patient’s 
mental health, cognitive abilities, age, previous war trauma 
as well as legal issues relating to the patient’s immigration 
status. Communicating with the patient was a particular 
challenge despite having adequate interpretation 
available and a series of consultations over a longer period 
of time were needed to prepare the patient for Le Fort 
3 advancement. The team was able to collaborate with 
the patient’s mental health specialists, school and family 
to overcome some of the psychosocial obstacles while 
some remained. A neuropsychological evaluation later 
revealed that the patient had an intellectual disability 
which led to an ethical discussion on whether to proceed 
with orthodontics and orthognatic surgery. The patient had 
requested improvement - but would she ever be fully aware 
of potential risks? Discussion: The case illustrates important 
ethical considerations concering informed consent as well 
as disability rights issues. How can we provide medical care 
on equal terms to all patients with craniofacial syndromes 
when some patients are not fully able to understand the 
information given? 

Reducing the Rate of Resorbable Plate-
Associated Wound Complications in Cranial 
Vault Reconstruction Surgery at the National 
Paediatric Craniofacial Centre in Ireland: 
Clinical Practice Changes

Dr. Emily Panteli1, Ms. Shirley Bracken1, Dr. Frank O.F. Reilly1, 
Dr. Andrea K.  Bowe2, Mr. Dylan J. Murray1

1National Paediatric Craniofacial Centre, Children’s Health Ireland 
At Temple Street, , Ireland, 2Infant Research Centre, Cork University 
Hospital, , Ireland

Background: Wound complications following cranial vault 
reconstruction (CVR) surgeries are associated with patient 
morbidity and often a return to theatre. A retrospective 
study of 182 patients who underwent CVR surgery for 
craniosynostosis between 2008 and 2016, under the care of a 
single surgical team at the National Paediatric Craniofacial 
Centre (NPCC), reported a 12.1% (n=22) postoperative wound 
complication rate, with all patients requiring readmission to 
hospital. Since 2018 the following clinical practice changes 
have been implemented:

• Greater consideration is given to the amount of hair 
shaved

• Patients undergo a double wash in theatre using 
Chlorhexadine followed by Betadine

• The minimum number and size of plates are used

• Plate placement close to wound closure is avoided

• The aim of this study is to investigate the impact of these 
changes on the wound complication rate.

Method: A retrospective cohort study of similar patients, 
who underwent CVR surgeries between 2018 and 2021, 
was conducted. Patient demographics, operative details, 
and postoperative wound complications were obtained 
from medical chart review. To determine the impact of the 
change in practice, comparisons were made between the 
two patient cohorts. Data were analysed using SPSS Version 
28. Categorical data were described using counts and 
percentages, and differences in proportions were examined 
using Fisher’s exact test. Continuous data were described 
using means and standard deviations (sd), and differences 
were examined using independent samples t-test. 

Results: 75 patients underwent similar surgical procedures in 
the current study, of whom 5.3% (n=4) experienced a wound 
complication. There were no significant differences between 
the two cohorts with regard to gender, age, or weight at time 
of surgery. There was a statistically significant difference in the 
proportion of patients with a wound complication requiring 
readmission between the two cohorts (4.0% (3/75) v 12.1% 
(22/182), p=0.033). The mean number of plates used per 
patient between 2018-2021 was also significantly lower (mean 
(sd): 4.3 (1.6) v 5.8 (2.6), p <0.001). 

Conclusion: Changes in clinical practice, aimed to reduce 
wound complication rates post cranial vault reconstruction, 
have resulted in a significant reduction in wound 
complications requiring readmission among patients with 
craniosynostosis. 
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A Challenging Case for Discussion: 
Expanded FrontalSinus in a Proteus-like 
Syndrome Patient Requesting Forehead 
Remodelling

Miss Rosanna Ching1, Mr Greg Thomas1, Mr Steve Wall,  
Mr Jayaratnam JayaMohan1, Mr David Johnson1

1Oxford Craniofacial Unit, Oxford, United Kingdom

A 15-year old female with Proteus-like syndrome is seeking 
surgical improvement of congenital progressive left sided 
fronto-calvarial asymmetry. At the age of 7 years she 
underwent a burr recontouring of her left supraorbital ridge 
and frontal and vertex prominences through a coronal 
incision. This was complicated post-operatively by superficial 
osteomyelitis requiring surgical debridement and 6 weeks 
of intravenous antibiotics. Over subsequent years, she has 
developed progression of the forehead asymmetry through 
complex expansion of her frontal air sinus. There are significant 
psychosocial appearance related concerns for the patient.

Abnormal fundoscopy (suggestive of papilloedema) has led 
to formal intracranial pressure monitoring which was shown 
not to be elevated.

All options for surgical reconstruction are complex and 
potentially include single vs staged reconstruction with 
options for cranialisation vs obliteration of the frontal sinus, 
with the need for potential intracranial free tissue transfer 
to obliterate intracranial dead space. Complication risks 
including infection are high. An international discussion 
regarding management is welcome.

The Era of Piezosurgery: Effectiveness and 
Safety Demonstrated Through Two Complex 
Craniofacial Cases 

Dr Moath Shummo1, Dr Taimoor Al Bulushi1

1Khoula Hospital, Muscat, Oman

Background: Piezosurgery is an innovative technology 
that has been around for more than a decade now. It uses 
ultrasonic vibrations for precise cutting of the bone while 
protecting vital soft tissue structures like the dura or the 
brain. We aim to demonstrate the safety and efficacy of this 
innovation in two different and complex pediatric craniofacial 
cases.

Method: The first case explored is a case of a one year old 
child with nasofrontal swelling with intracranial extension. 

The second case discussed is a case of a neuroblastoma of 
the orbit and maxilla in a 6 year old child. 

Results: In the first case, Piezosurgery allowed for a limited 
frontal craniotomy and full excision of the intracranially 
extended dermoid cyst thereby sparing extra morbidity and 
decreasing surgical time.

In the second case the same technology allowed for precise 
enblock removal of the anterior wall of the maxilla along with 
part of the orbital floor and giving access to the tumor in the 
maxillary sinus.

Conclusion: This technology is indeed a welcomed addition 
to the craniofacial surgeon’s arsenal. 

It provides safety in terms of that it spares the soft tissue while 
cutting the bone ,furthermore the precision and speed 
reduces the morbidity associated with extended bone 
excisions.
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Lipofilling of the Lower Eyelids: A 
Craniofacial Tool to Postpone the Facial 
Advancement in Craniofacial Syndromes

Dr Julie CHAUVEL-PICARD1, Dr Pierre Aurélien BEURIAT2,  
Dr Alexandru SZATHMARI2, Pr Federico DI ROCCO2,  
Pr Arnaud GLEIZAL1

1Department of Pediatric CranioMaxilloFacial Surgery, Hôpital 
Femme Mère Enfant, Lyon , France, 2Department of Pediatric 
Neurosurgery, Hôpital Femme Mère Enfant , Lyon, France

Purpose: Many genetic diseases are responsible for 
a defect in the growth of the maxilla. Craniofacial 
syndromes such as Crouzon syndrome or Apert syndrome 
are typically associated with a major hypoplasia in the 
midface responsible for exophthalmos, leading to palpebral 
malocclusion and frequent corneal complications. Several 
treatments have been used to manage ocular protection in 
craniofacial syndromes such as tarsorrhaphy, a fronto-orbital 
advancement and/or a Lefort III osteotomy with or without 
distraction. We describe a new approach as a waiting 
solution to relieve exophthalmos: the autologous fat grafting 
of the lower eyelids.

Material and Methods: Children operated from lipofilling of 
the lower eyelids at the Referral Center for craniosynostosis of 
Femme-Mère-Enfant Hospital in Lyon, were included. All the 
patients suffered from midface hypoplasia and exophthalmos 
with insufficient eyelid closure responsible of multiples episodes 
of keratitis and corneal ulcerations.

Results: Five children were included: four suffered from 
Crouzon Syndrome and one suffered from Apert Syndrome. 
The fat was reinjected at the level of the infraorbital rim, the 
nasolabial fold or the palpebrojugal fold, in the different 
planes, according to the patients’ needs. Six months after 
surgery, a second surgery was performed for the patients 
whose lagophtalmos persisted. Six months after the second 
procedure, the results are satisfactory with a good eyelid 
closure.

Conclusion: The lipofilling, well used in pediatric surgery 
to restore facial symmetry, can also be used, as a waiting 
solution or complement to treat complicated exophtalmos 
with visual prognosis involved in congenital craniofacial 
syndromes.
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Natural History of Nonsyndromic Sagittal 
Synostosis Morphometrics Following 
Open Middle and Posterior Cranial Vault 
Expansion 

Professor Richard Hopper1,2, Dr. Benjamin Massenburg2,  
Dr. Ezgi Mercan1, Associate Professor Amy Lee1,3

1Seattle Children’s Hospital Craniofacial Center, Seattle, United 
States, 2University of Washington Division of Plastic Surgery, 
Seattle, United States, 3University of Washington Department of 
Neurosurgery, Seattle, United States

Purpose: This study aims to quantify the change in three-
dimensional skull morphometrics for patients with sagittal 
synostosis (SS) between presentation, after surgery, and at 
two-year follow-up.

Methods: CT scans from 91 patients with isolated SS were age, 
gender, and race matched to 273 controls. We performed 
vector analysis with logarithmic regressions to model the 
impact of open middle and posterior cranial vault remodeling 
on cranial shape and growth. We also performed a subgroup 
analysis on 19 age-matched patients with 19 patients who 
had undergone endoscopic strip craniectomy (ES).

Results: Anterior cranial volume, bossing angle, and frontal 
shape were not changed by open surgery but normalized 
without intervention by two years. Bi-parietal narrowing 
and middle cranial volume was expanded after surgery 
and maintained at two years. Occipital protuberance was 
improved after surgery and normalized at two years. Posterior 
cranial volume was decreased by the occipital remodeling 
and remained slightly lower than control volumes at two 
years. Persistent residual deformities at two years included 
supero-lateral narrowing at the level of opisthion and 
supero-anterior vertex bulge. Logarithmic models suggested 
older age at surgery resulted in more scaphocephaly 
and enlarged posterior cranial vault volumes at two 
years, without impacting other volume outcomes. Initial 
preoperative severity score was most predictive of two-year 
morphometrics. On comparison of the two techniques, in the 
mid-sagittal plane, anterior vault was higher after open repair 
at t2 compared to ES, but the posterior length was shorter and 
closer to controls than the ES cohort. Cranial volumes were 
like controls for both cohorts at t2. There was no difference in 
complication rate.

Conclusion: Initial severity of SS deformity was the best 
predictor of two-year morphometric outcomes after open 
surgery. An anterior vertex bulge can persist and supero-
posterior cranial width decreases with time after open surgery, 
but frontal dysmorphology self-corrects without surgical 
intervention. Both open and ES surgery have comparable 
results at two years with minor morphologic differences.

Comparing Long-Term Postoperative 
Outcomes of Three Different Surgical 
Techniques to Correct Sagittal Synostosis 
Using 3D Photogrammetry

Tareq Abdel-Alim1,2, Melissa S.I.C. Kurniawan3, Prof. PhD. 
MD Irene M.J. Mathijssen3, Prof. PhD. MD Clemens M.F. 
Dirven1, Prof. PhD. Wiro J. Niessen2,4, PhD. Gennady V. 
Roshchupkin2,5, PhD. MD Marie-Lise C. van Veelen1

1Department of Neurosurgery, Erasmus University Medical 
Center, Rotterdam, the Netherlands, 2Department of Radiology 
and Nuclear Medicine, University Medical Center, Rotterdam, 
the Netherlands, 3Department of Plastic, Reconstructive Surgery, 
Erasmus University Medical Center, Rotterdam, the Netherlands, 
4Faculty of Applied Sciences, Delft University of Technology, Delft, 
the Netherlands, 5Department of Epidemiology, Erasmus University 
Medical Center, Rotterdam, the Netherlands

Objective: The aim of this study is to compare three surgical 
interventions to correct sagittal synostosis: frontobiparietal 
remodeling (FBR), extended strip craniotomy (ESC), and spring 
assisted correction (SAC), using an in-house developed 3D 
photogrammetry processing tool called CraniumPy. 

Methods: All patients who were diagnosed with non-
syndromic sagittal synostosis, born between 1991 and 2019, 
who underwent FBR, ESC or SAC, and had a postoperative 
3D photogrammetry image taken before the age of six were 
considered for this study. 3D images were acquired during 
at least one of the follow-up moments: 3mo postoperatively, 
24mo, 36mo, 48mo, 60mo, 72mo. After identifying 3 prominent 
landmarks (nasion and both tragi), CraniumPy was used 
to register the 3D images, optimize the quality of the data 
(patching of holes, resampling, and removal of intersecting 
elements), and extract cephalometric measurements 
(cephalic index, head circumference, and intracranial 
volume), in a fully automated manner. Orthogonal slices were 
also extracted from each mesh to model mean postoperative 
shapes after each type of surgery.

Results: A total of 322 postoperative 3D images from 218 
patients (58 FBR, 82 ESC, 78 SAC) were included for analysis. 
After correcting for age and gender, no significant differences 
were observed in both the preoperative and postoperative 
cephalometric parameters. Mean cranial shapes suggest 
that postoperative growth and shape gradually normalize 
regardless of the type of surgery, however with some persisting 
flattening of the vertex after surgical correction. 

Conclusion: Our findings suggest that until the age of six, 
there are no significant differences between the FBR, ESC, 
and SAC in their ability to correct sagittal synostosis with 
regard to cephalometric measurements. Therefore, efforts 
should be made to ensure early diagnosis so that minimally 
invasive surgery is still a viable treatment option.

3D photogrammetry is a valuable evaluation tool in the 
field. However, to utilize its full potential on a larger scale, 
standardization of data processing and analysis are essential. 
To stimulate this endeavor, our cranial 3D mesh processing 
tool, CraniumPy, has been made publicly available as a part 
of this study (https://github.com/T-AbdelAlim/CraniumPy).
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Normocephalic Sagittal Craniosynostosis 
in Young Children is Common and 
Unrecognized

Dr. Monica Manrique1, Dr. Esperanza Mantilla-Rivas1, 
Nathan Oh1, Dr. Robert Keating1, Dr. Albert Oh1,  
Dr. Gary Rogers1

1Children’s National Hospital, Washington, United States

Objective: Sagittal craniosynostosis (SC) is usually 
diagnosed during early childhood by the presence 
of scaphocephaly. Recently, our group found 3.3% of 
children under 5 years of age with normocephalic sagittal 
craniosynostosis (NSC) using computed tomography (CT) 
scans. This paper aims to validate our preliminary findings 
using a larger cohort of patients, and analyze factors 
associated with incidental NSC.

Methods: A retrospective review of head CT scans in 
patients aged 0 to 71 months who presented to the 
emergency department of our tertiary care institution 
between 2008 and 2020 was completed. Patients with 
syndromes associated with craniosynostosis (CS), history of 
hydrocephalus or other brain/cranial abnormalities, were 
excluded. Two craniofacial surgeons reviewed the CT scans 
to evaluate the presence and extent of CS. Demographic 
information, gestational age, past medical and family 
history, medications and chief complaint were recorded 
as covariates, and differences between patients with and 
without CS were analyzed. Furthermore, comparison of the 
prevalence of CS across age groups was studied. Additional 
analysis exploring association between independent 
covariates and the presence of CS was performed in two 
subcohorts: patients ≤ 24 months of age, and patients >24 
months of age.

Results: A total of 870 scans were reviewed. SC was 
observed in 41 patients (4.71% – 25 complete, 16 
incomplete), all with a normal cranial index (width/
length > 0.7). The prevalence of SC increased up to 36 
months of age, then plateaued through 72 months of 
age. Patients under two years of age with family history 
of neurodevelopmental disease had 49.32 (95% CI [4.28, 
567.2]) times higher odds of developing CS. Sub-cohort 
of patients above 24 months of age showed no variable 
independently predicted developing CS.

Conclusion: NSC in young children is common. While the 
impact of this condition is unknown, the correlation with 
family history of neurodevelopmental disease is concerning

The Paediatric Vault Score – A Novel 
Scoring Tool for Prioritisation of Surgical 
Management of Craniosynostosis Patients 

Mr Adam Shathur1, Ms Anusha Hennedige1,  
Mr Christopher Parks1

1Alder Hey Children’s Hospital, Liverpool, United Kingdom

A risk stratification scoring system was devised to score 
patients attending for craniofacial surgery and aid in 
prioritisation according to surgical need. We present a novel 
scoring system, the Paediatric Vault Score (PVS), which can 
be utilised and customised according to each unit’s protocol 
for surgical management of the paediatric craniofacial 
patient awaiting vault surgery. 

The scoring tool was designed using 8 parameters. Each 
description was assigned a score from 0 to 3 with 0 being 
low risk, 1 – moderate risk, 2 – high risk and 3 – immediate risk. 
The final score ranged from 0 to 20; the higher the score the 
greater the priority for surgery.

Ten paediatric cranial vault surgery on the surgical waiting list 
were randomly selected. Each patients’ clinical information 
was summarised in uniform anonymised reports. 

Six craniofacial consultants were selected as assessors. This 
group consisted of one oral and maxillofacial surgeon, one 
plastic surgeon and four neurosurgeons. The 6 consultants 
independently analyzed and ranked the patients from 1 - 10; 
with 1 being the highest priority. Each scorer’s ranking was 
verified against the PVS template and concordance was 
statistically analysed using Kendall Tau correlation coefficient. 
A total of 3 cycles of the scoring process was carried out.

The third and final cycle revealed all 6 clinicians to be 
concordant, with a mean Kendall Rank score of 0.70. The 
inter-rater reliability was calculated using Kendall’s correlation 
of concordance (Kendall’s W) to be 0.81.

The PVS system is the first known vault scoring system created, 
verified and implemented to aid in risk stratification and 
surgical waiting list prioritisation. The impetus to develop this 
has come about due to the constraints from the impact of 
the COVID-19 pandemic. However, its use has far-reaching 
benefits and forms the basis of decision-making in treating 
patients with craniosynostosis. 
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Communication, Language and Autism 
Spectrum Disorder in Children with Non-
Syndromic Sagittal Synostosis: The Oxford 
Craniofacial Unit Experience

Ms Sarah Kilcoyne1, Ms Sarah Overton1, Ms Sally 
Brockbank1, Mr Gregory Thomas1, Mr Steven Wall1,  
Prof Andrew Wilkie1, Mr David Johnson1

1Oxford Craniofacial Unit, Headington, United Kingdom

Sagittal synostosis is heterogeneous in its aetiology and may 
occur in syndromic or non-syndromic forms. For the majority of 
children with isolated non-syndromic sagittal synostosis (NSS), 
a contribution from foetal head constraint is often suspected. 
In syndromic cases, sagittal synostosis may be secondary 
to specific genetic mutations. Language development in 
children with NSS is poorly understood as much of the previous 
research has investigated neurodevelopment more broadly, 
relied on heterogenous sample sizes, and has not considered 
advances in clinical genetics.

A retrospective review of autism spectrum disorder (ASD), 
language and communication development was performed 
on children with NSS managed at the Oxford Craniofacial Unit 
(June 2017–May 2022). Parents completed a questionnaire 
about their child’s communication development (Children’s 
Communication Checklist – second edition (CCC-2)). Only 
children with a radiologically-confirmed diagnosis of NSS, and 
had complete CCC-2 data were included. 

The final homogenous sample comprised 170 children (n=130 
males; n=40 females), aged 5 years to 15 years. One hundred 
and forty eight patients underwent a transcranial procedure 
(average age of operation was 24 months), 22 patients 
remained unoperated. Results of the CCC-2 indicated that 
the majority of children (n=115/170 68%) had appropriate 
communication development; 13% (n=23/170) required 
further assessment for language disorder associated with 
craniosynostosis (LDAC), and 8% (n=14/170) had a diagnosis 
of ASD. Communication profiles indicative of ASD on the 
CCC-2 were found in a further 9 children, all of whom were 
already under investigation for possible ASD. 

Results indicate that the majority of children with NSS have 
normal language and communication development. 
However, when compared to the general population an 
elevated risk of language difficulties and ASD was found in 
children with NSS with a family history of ASD.

Neurodevelopmental Problems of Children 
with Non-Syndromic Craniosynostosis

Prof. Dawid Larysz1, Dr Agnieszka Rożek2,  
Dr Patrycja Larysz1

1University Of Warmia And Mazury In Olsztyn, Prof. St. Popowski 
Regional Specialized Children’s Hospital in Olsztyn, Olsztyn, Poland, 
2Center of Treatment of CNS Diseases and Supporting Children’s 
Development Kangur, Katowice, Poland

Introduction: Non-syndromic craniosynostosis could be 
associated with developmental problems including improper 
speech acquisition, dyspraxia, learning disabilities and 
behavioral problems. Many hypotheses were proposed to 
explain aforementioned phenomena, concerning associated 
intracerebral anomalies, abnormal shape of brain in 
malformed skull and local intracranial hypertension with local 
hypoperfusion. Aim of the study was prospective analysis 
of frequency and type of neurodevelopmental problems in 
children with non-syndromic craniosynostosis and attempt to 
find factors that could influence their development.

Methods: Studied group consisted of 200 children with non-
syndromic craniosynostosis. Inclusion criteria consisted of: 
age before one year, confirmation of CSO in CT examination, 
absence of associated brain malformations and absence of 
other skull and other congenital anomalies. Developmental 
screening were performed by a team consisted of pediatric 
neuropsychologist, speech therapist, neurosurgeon and 
occupational therapist. We used Polish version of MFED and 
DSR tests, neuropsychological and speech evaluation, before 
surgery, than each 3 months until 2 years, and then each 
6 months. Mean follow-up was 5 years (ranged from 1 – 9 
years). Additionally we did the neuropsychological screening 
in older children in first three years of primary school using 
Stanford – Binet Intelligence Scales Fifth Edition and WISC.

Results: Proper development was found in unoperated 
children in 57,1% of children before 6 months of age and 
50,0% before 1 year of age. 6 months after the surgery proper 
development was found in 78,57% of children, in 80,0% (12 
months after the surgery) and in 86,67%. The most frequent 
were speech acquisition problems and dyspraxia. In nearly 
all children we found out pronunciation problems in polish 
language.

Conclusion: Developmental problems affect more than 
45% of children with non-syndromic craniosynostosis 
preoperatively. Severe developmental deficits affect nearly 
7% of that subgroup. The most frequent abnormalities 
are speech acquisition delay and motor development 
abnormalities. Most of the developmental problems could be 
efficiently treated with multidisciplinary team of specialists. 
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Springs produce Favorable Morphological 
Outcomes Compared to H-Craniectomy 
in a Two-Center Comparison of Matched 
Cases

Dr PhD Sara Fischer1, Dr PhD Jesper Unander-Scharin2,  
Dr PhD Madiha Bhatti-Söfteland1, MSc Johan Nysjö2, 
Emma Wikberg1, Dr PhD Giovanni Maltese1, Hanna Lif2, 
Dr PhD Peter Tarnow1, Professor Per Enblad3, Professor 
Lars Kölby1, Dr, Associate Professor Daniel Nowinski2

1Department of Plastic Surgery, Sahlgrenska University Hospital 
, Gothenburg, Sweden, 2Department of Plastic Surgery, 
Uppsala University Hospital, Uppsala, Sweden, 3Department of 
Neurosurgery, Uppsala University Hospital, Uppsala, Sweden

Sagittal synostosis is the most common type of premature 
suture closure, and many surgical techniques are used 
for correction of the scaphocephalic skull shape. Direct 
comparisons of the outcome of different surgical techniques 
for correction of craniosynostosis are rare. The aim of the 
present study was to compare the outcome of craniotomy 
combined with springs and H-craniectomy for non-
syndromic sagittal synostosis. This study was enabled by the 
synchronization of pre- and postoperative imaging, follow 
up and data collection for the two Craniofacial national 
referral centers in Sweden, using two fundamentally different 
surgical techniques; Craniotomy combined with springs 
(Gothenburg) and H-craniectomy (Uppsala). 

Twenty-three pairs of patients matched for sex, preoperative 
cephalic index (CI) and age were included. CI, total 
intracranial volume and partial intracranial volumes 
were measured before surgery and at 3 years of age. 
Perioperative data included operation time, blood loss, 
volume of transfused blood and length of hospital stay.

Conclusion: Craniotomy combined with springs had less 
bleeding and lower transfusion rates than H-craniectomy. 
The spring technique requires two operations, however the 
mean total operation time was similar for both methods. 
Three spring-related complications occurred. Most 
importantly, in the compiled analysis of changes in CI and 
partial volume distribution, the Craniotomy combined 
with springs was demonstrated to produce a superior 
morphological correction. 

Keywords: sagittal craniosynostosis, craniofacial surgery, 
spring-assisted surgery, H-craniectomy, intracranial volume, 
cephalic index

Growth Trajectories of the Occipito-Cervical 
Junction in Children: Geometry, Anatomy, 
and Biomechanics

Maxime Taverne1, Angèle Ganet1, Giovanna Paternoster1, 
Syril James1, Sandro Benichi1, Roman Hossein Khonsar1

1Hôpital Necker - Enfants Malades, 149 Rue, France

Keywords: Bone density, Geometric morphometrics, Growth 
model, Joint congruence, Ligament density, Upper cervical 
spine.

Objectives: Decisions to operate children presenting with 
occipito-cervical junction (OCJ) anomalies are difficult, mostly 
because little is known about the normal growth of this region, 
and regarding the natural history of the conditions affecting 
this joint. The present study aims at quantifying the growth of 
the OCJ in a cohort of normal children to pave the way for 
future studies that will provide objective insights to surgeons 
about whether and when to operate.

Materials and methods: The CT-scans and MRIs of 90 control 
children aged 0-18 years were included to reconstruct 3D 
surfaces of the skull base, the first two cervical vertebra, 
and the ligament network. Their 3D shape was quantified 
using geometric morphometrics. Growth trajectories of 
morphological variation were computed using 2-blocks partial 
least-squares regressions. The evolution of the biomechanics 
of OCJ was quantified based on the congruence of articular 
surfaces, and on density variations of bones and ligaments.

Expected results: 3D geometric morphometrics is widely 
used to describe morphological variation quantitatively and 
in relation with functional and clinical variables. Hence, we 
expect the bone morphology to strongly covary with age, 
and joint congruence to increase as the musculoskeletal 
system gets mature. We also hypothesize that ligament 
density will covary with that of the bone, especially at 
insertion sites. Finally, we expect the ligament stiffness to 
compensate for the extreme mobility of this region.

Conclusions: We expect the results obtained to provide 
objective information on the normal evolution of patients who 
do not need surgery. Furthermore, these results will pave the 
way for further research on cohorts including patients with 
congenital anomalies, that will help to better understand 
their anatomical specificities, and to anticipate their 
morphological and functional evolution, should they undergo 
surgery or not.
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Quantitative Outcomes of Endoscopic Strip 
Craniectomy with post-operative Helmet in 
Treating Single Unilateral Coronal Synostosis 
Using 3D Surface Scans

Mr Ahmed Elawadly1, Mr Luke Smith1, Mr Alessandro 
Borghi2, Mr Dulanka Silva1, Mr Owase Jeelani1,2, Professor 
David Dunaway1,2, Mr Juling Ong1, Mr Greg James1,2

1Craniofacial Unit Great Ormond Street Hospital, , United Kingdom, 
2UCL Great Ormond Street Institute of Child Health, London, 
United Kingdom

Background: Endoscopic strip craniectomy with post-
operative helmet (ESCH) is become a popular option for 
correction of non-syndromic unilateral coronal synostosis 
(UCS), as it is significantly less invasive than traditional fronto-
orbital remodelling (FOR). However, there is little objective 
morphometric data comparing the 2 techniques’ outcomes. 
We used 3D surface scans to quantify morphological 
outcomes of ESCH in UCS and compare to those children with 
UCS who had FOR, as well as age-matched controls without 
craniosynostosis.

Methods: Four morphometric parameters were measured: 
Cranial Index (CI), Cranial Vault Asymmetry Index (CVAI), 
Anterior Symmetry Ratio (ASR) and the Root Mean Square 
(RMS) between the normal and synostotic halves of the 
head as well as at the root of Nose, Orbital rim, Frontal and 
Temporal regions (NOFT band). 3D surface scans of UCS 
patients treated with ESCH were analysed at pre-operative, 
6 months post-op, and end of helmet treatment (final) time 
point. Final time point scans were compared to normal 
controls and patients post FOR. For statistical analysis, non-
parametric tests were applied.

Results: 8 patients were analysed for the ESCH group, 7 in 
the FOR group and 6 children in the control group. Except 
for the CVAI, all measurements improved significantly at 6 
months post-op. Between 6-months post-op and the end of 
treatment scans, the ASR revealed yet another considerable 
improvement. Other parameters, on the other hand, 
continued to improve over time, although without statistical 
significance. At end of helmet treatment, the ASR and NOFT 
band RMS of the ESCH group differed significantly from the 
control group (p=0.014 and 0.007 respectively). The ESCH 
group showed superior results when compared with the age 
matched FOR group in both total head RMS and ASR (p=0.021 
and 0.028 respectively).

Conclusion: ESCH for unicoronal synostosis achieved 
significant improvement in head shape. Most of the 
improvement happened in the first 6 months of helmet 
therapy. After helmet treatment, residual deformity was 
quantitatively recorded when compared with normal 
controls. The ESCH group showed comparable results to the 
FOR group at some measurements and better results for 
others. ESCH is a useful option for correction of UCS in infancy.

Endoscopic-Assisted Craniosynostosis 
Surgery: First Case Series from the United 
Arab Emirates and Middle East

Mr. Derek Mendonca1, Dr. Waseem Aziz2,  
Mr. Charl Stenger3, Dr. Mohammed AlOlama4

1Al Jalila Children’s Hospital, Jaddaf, United Arab Emirates, 
2Mediclinic Hospital, Dubai, United Arab Emirates, 3OrthoMENA, 
Dubai, United Arab Emirates, 4Rashid Hospital, Dubai,  
United Arab Emirates

Introduction: Craniosynostosis is a craniofacial anomaly, 
resulting from premature fusion of the cranial sutures. There 
has been a continuous evolution of surgical correction 
techniques from an extensive open procedure to the new 
minimally invasive craniosynostosis technique. 

Aims and Objectives: This novel surgical technique has 
never been previously done in the United Arab Emirates 
and this article documents the experience of the first team 
in the United Arab Emirates to endoscopically correct 
craniosynostosis with planning, surgical techniques, and 
customized helmet therapy to achieve ideal results.

Materials and Methods: A prospective case series of ten 
non-syndromic craniosynostosis patients with right uni-coronal 
(2), sagittal craniosynostosis (3), bicoronal (1), fronto-
sphenoidal (1) and metopic craniosynostosis (3) corrected 
endoscopically and followed up with a customized cranial 
helmet. Case notes, pre and post operative photography and 
anthropometric measurements were undertaken. 

Results: The mean age of all patients at the time of surgery 
was 101 days (90-117 days), mean duration of surgery was 
70 minutes (38 – 129 minutes), mean blood loss was 120 ml 
(100-150ml), and mean duration of hospital stay was 4 days 
(4-5 days). No complications and mortality were reported. 
Mean number of helmets were 2 (1-3). Cranial index improved 
in all patients with sagittal and bicoronal craniosynostosis. The 
endoscopic technique is the first reported in a patient with 
fronto sphenoidal craniosynostosis. Close cooperation with 
the orthotist ensured timely helmet therapy and accurate 
laser scanning documentation in head moulding. These 
patients were successfully executed with the expertise of a 
visiting paediatric neurosurgeon, and orthotist who were part 
of the team. Key tips for successful outcomes and learning 
points will be presented. Key orthotic tips and insights relevant 
to the surgeon will also be presented.

Conclusion: This case series has demonstrated that 
endoscopically assisted craniosynostosis correction is a 
safe, effective, and reliable. This is the first reported series 
of the endoscopic technique from the Middle East. We 
believe that every patient with non-syndromic single-suture 
craniosynostosis should be offered endoscopic correction 
before the age of 6 months. The orthotist forms an 
important part of the MDT, enabling successful endoscopic 
craniosynostosis outcomes.
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Minimally Invasive Treatment of Single 
Suture Craniosynstosis: Eight Year 
Experience of a Craniofacial Team  
From India

Dr Vybhav Deraje1, Dr Derick Amith Mendonca2,  
Dr Rajendra S Gujjalanavar1, Dr Swaroop Gopal1,  
Mr Pradeep Kumar3

1Sakra World Hospital, Bangalore, India, 2Al Jalila Children’s 
Hospital, Jaddaf, UAE, 3KARE Orthotics & Prosthetics, Bangalore, 
India

We present our 8 year experience of the endoscopic 
assisted craniosynostosis technique and its evolution in our 
practice. Our center was the first center to adopt minimally 
invasive treatment for Non syndromic craniosynostosis in the 
Indian population. The most common sutures involved are 
anterior (metopic, coronal), rather than sagittal, as seen in 
the Caucasian race.

This was a prospective study of all patients with non 
syndromic craniosynostosis undergoing endoscopic assisted 
correction followed by Orthotic Helmet therapy in our 
center from 2014 to 2022. Three-dimensional head shape 
was quantified using the Smart Soc 3D device (Orthomerica, 
Orlando, FL) laser system. Radial symmetry index (RSI) 
and Cranial vault asymmetry index (CVAI)were used to 
measure outcome in Unicoronal patients. Improvement in 
Metopic angle was used for metopic suynostosis. Whitaker 
classification was used to measure outcome. There were 32 
patients in our series until the preparation of this abstract. 
data and analysis for 17 patients has been presented in the 
abstract. Final analysis of all patients will be presented in the 
conference. The mean age of surgery was 3.7 months (3–5), 
mean duration of surgery 68 min (60–85 min), mean blood 
loss 56.4 ml (60–90 ml) and the mean duration of hospital 
stay 2.5 days (2–3 days). One patient needed a blood 
transfusion. Mean number of helmet changes were 2 (2–3 
helmets) over a 18 month duration. Mean CVAI reduced 
from 9.3 to 0.6, and mean RSI reduced from 25 to 4.6. 
Calculation of improvement in Metopic angle is pending. 
The mean age at surgery in the endoscopic group was 3.7 
months (3-5) and higher at 11.5 months (8-18) in the open 
group in our practice (P < .05). The duration of surgery, blood 
loss and overall length of hospital stay were significantly 
reduced in the endoscopic group. 2 patients (Out of 32) 
were advised revision surgery by Open technique for lack of 
improvement by Helmet Therapy.

Our experience shows ‘Minimally invasive Endoscopic 
approach’ to be superior in terms of safety and equivalent 
in terms of aesthetic outcome in comparison to our Open 
technique cohort.

Clinical and Esthetic Outcome in 
Unoperated Trigonocephaly Patients:  
A Pilot Study 

Linda Gaillard1, MSc Iris Cuperus1, MSc Parinaz 
Rostamzad1, MD PhD Sarah Versnel1, MD PhD Mieke 
Pleumeekers1, MD PhD Marie-Lise Van Veelen2, MD PhD 
MBA Irene Mathijssen1

1Erasmus MC – Sophia Children’s hospital, University Medical 
Center Rotterdam, Department of Plastic, Reconstructive and 
Hand surgery, Rotterdam, The Netherlands, 2Erasmus MC – 
Sophia Children’s hospital, University Medical Center Rotterdam, 
Department of Neurosurgery, Rotterdam, The Netherlands

Background: There is a lack of scientific evidence that 
surgical intervention benefits trigonocephaly patients. The 
Dutch Craniofacial Center introduced a conservative 
approach to its’ treatment protocol in 2017. Standard care 
consists of involving parents in shared decision making and 
choosing a conservative approach or surgery. If parents elect 
a conservative approach, patients are followed up on overall 
development, signs of raised ICP and esthetic outcome. The 
aim of this pilot study is to assess outcome in unoperated 
trigonocephaly patients. 

Method: We conducted a pilot study among non-syndromic 
trigonocephaly patients born between January 1st 2017 
and January 1st 2019. We collected fundoscopy results 
and occipital-frontal-circumference (OFC). We obtained 
photosets from first and most recent outpatient clinic visits. 
Photos were scored with the photo score created by ERN 
CRANIO’s craniosynostosis workgroup, which includes 
severity of wedging of the forehead, hypotelorism, temporal 
hollowing, biparietal widening and overall severity. Items were 
scored as normal, mild, moderate, or severe. 

Preliminary Results: We included 22 non-syndromic 
trigonocephaly patients, 11 operated and 11 unoperated. 
None of the unoperated patients developed OFC growth 
arrest or papilledema. Four raters scored each photoset. 
Preliminary analyses show no significant difference between 
the unoperated and operated group at the first outpatient 
visit for items in the photo score (fisher’s exact test p>0.05 
for all items). At the last outpatient clinic visit there was 
a significant difference in scores for severity of forehead 
wedging p=0.009 (median age operated patients: 4.2 
years (IQR 2.9years); unoperated patients: 3.3 years (IQR 
2.8years)). In the operated group mean scores for wedging 
were normal(n=9) or mild(n=1). In the unoperated group 
mean scores for wedging were normal(n=2), mild(n=6) or 
moderate(n=2). For other items there was no significant 
difference between the groups (fisher’s exact test p>0.05). 

Conclusion: Preliminary results from this pilot study show most 
characteristic esthetic features are not significantly different at 
the age of ≤ 4 years in unoperated trigonocephaly patients, 
suggesting esthetic outcome should not be the major 
reason to perform surgery. None of the unoperated patients 
developed signs of raised intracranial pressure. This adds 
to a growing body of literature supporting a conservative 
approach in trigonocephaly. 
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The Natural History of Untreated Metopic 
Synostosis: A Morphological Study

Mr Ahmed Elawadly1, Mr Luke Smith1, Mr Alessandro 
Borghi2, Mr Dulanka Silva1, Mr Owase Jeelani1,2, Professor 
David Dunaway1,2, Mr Juling Ong1, Mr Greg James1,2

1Craniofacial Unit Great Ormond Street Hospital, London, United 
Kingdom, 2UCL Great Ormond Street Institute of Child Health, 
London, United Kingdom

Objectives: The natural history of untreated metopic 
synostosis is poorly understood, yet it is critical in determining 
whether or not to treat it. In this study, we employed 3D 
surface scans to objectively assess morphological changes in 
unoperated trigonocephalic patients of various ages. 

Methods: Between 2011 and 2021, we examined our 
database for 3D scans of children with unoperated metopic 
synostosis (either pre-surgery or from children whose parents 
refused surgery). Children with multiple sutures or benign 
metopic ridges were ruled out. 3D surface scans (either 3D 
stereophotogrammetry or CT with skin reconstruction) for 
untreated patients were then enrolled for morphological 
study. The frontal angle (FA30), antero-posterior volume 
ratio (APVR), antero-posterior area ratio (APAR), antero-
posterior width ratio 1 and 2 (APWR1 and APWR2), and 
four antero-posterior diagonal ratios (rAPDR30, lAPDR30, 
rAPDR60, lAPDR60). were all published earlier. The cranial vault 
asymmetry index (CVAI) for plagiocephaly was included as a 
tenth parameter.

Results: From a total of 316 single metopic patients, 97 scans 
were selected for the study. The male to female ratio in the 
entire cohort was 2.7:1. The age of the subjects at the time 
of the scan ranged from 9 days to 11 years, and they were 
divided into four age groups: group 1: less than 6 months, 
group 2: 6-12 months, group 3: 1-3 years, and group 4: more 
than 3 years. In 35% of the patients, posterior plagiocephaly 
was evident, and half of them were mild (CVAI category 2). 
Five metrics (APVR, APAR, APWR1, rAPDR30, and lAPDR30) 
showed significant improvement over time (i.e. older children 
were less severe). CVAI, FA30, APWR2, rAPDR60, and lAPDR60 
showed no significant variations between age groups.

Conclusion: Without surgery, the configuration of the 
forehead (surface area and volume), as well as the restriction 
and the anterolateral contour of the medial supraorbital 
points, all improved considerably over time. Plagiocephaly, 
angulation of the forehead, narrowing, and anterolateral 
contour at the lateral supraorbital regions, however, did not 
improve.

Interactions Between Parietal Bone Thickness 
and Springs Forces Predict Changes in 
Cephalic Index Following Spring Mediated 
Cranioplasty for Non-Syndromic Sagittal 
Craniosynostosis

Dillan Villavisanis1, Daniel Cho1, Chao Zhao1, Connor 
Wagner1, Jessica Blum1, Sameer Shakir1, Jordan Swanson1, 
Scott Bartlett1, Alexander Tucker1, Jesse Taylor1

1Children’s Hospital of Philadelphia, Philadelphia, United States

Introduction: Variables interacting to predict cephalic index 
(CI) following spring mediated cranioplasty (SMC) for non-
syndromic craniosynostosis, including springs parameters 
and calvarial thickness, are incompletely understood. Our 
previous work confirmed patients with non-syndromic sagittal 
craniosynostosis have significantly different peri-suture 
thickness measurements anteriorly, medially, and posteriorly, 
and we hypothesized that, based on these topographic 
thickness variations, springs forces interact differently at the 
anterior, middle, and posterior positions to predict changes in 
CI.

Methods: Patients undergoing SMC for non-syndromic sagittal 
craniosynostosis at our institution between 2014 and 2021 
were included. Parietal bone thickness was determined from 
patient preoperative CTs using Materalise Mimics. Anterior, 
middle, and posterior points along the suture were defined 
as 10 mm posterior to the coronal suture, the middle of the 
parietal bone, and 10 mm anterior to the lambdoid suture, 
respectively, using the “measure” tool in Materialise 3-matics. 
Using the same tool, points were marked anteriorly, medially, 
and posteriorly at distances 5 mm, 10 mm, 15 mm, and 20 
mm from the suture bilaterally. Thickness at specific points 
was determined using the “analyze locally” tool in Materialise 
3-matics. Linear mixed effects models (LMEMs) in R Studio 
were used to determine interactions between anterior, 
middle, and posterior calvarial thickness with anterior, middle, 
and posterior spring force and length.

Results: Sixty-nine patients were included in this study. LMEMs 
revealed posterior spring force interacted with posterior 
parietal bone thickness to predict changes in CI at three 
months postoperatively (Ⅲ = -0.22; 95% confidence = -0.40 – 
0.03; p = 0.022). When evaluating spring force and calvarial 
thickness set distances from the sagittal suture, posterior spring 
force interacted with posterior calvarial thickness 5 mm (Ⅲ = 
-0.19; 95% confidence = -0.37 – 0.01; p = 0.043) and 10 mm 
(Ⅲ = -0.16; 95% confidence = -0.06 – 0.01; p = 0.036) from the 
sagittal suture to predict changes in CI.

Conclusions: Springs forces may interact with parietal bone 
thickness to predict changes in CI following SMC for non-
syndromic sagittal craniosynostosis. Larger posterior spring 
force may optimally interact with the thicker posterior calvaria 
to drive changes in CI. 
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Evaluation of Fundoscopy as a Means 
of Intra-Cranial Pressure Screening in 
Paediatric Patients with Cranial Synostosis 

Mr Alexander Mitchell1, Mr Usama Kanj1, Dr Ashish 
Basnet1, Ms Sally Painter1, Mr Desiderio Rodrigues1,  
Mr Joseph Abbott1

1Birmingham Childrens Hospital, Birmingham, United Kingdom

Background: Papilloedema assessment is an established 
method of evaluating children for raised intracranial 
pressure (ICP). Intracranial hypertension is difficult to detect 
from symptoms alone and invasive ICP measurement 
carries small risks. Our aims were to evaluate the sensitivity 
and specificity of papilloedema assessment, and whether 
this is similar across different ages and clinical presentations 
amongst children with cranial synostosis.

Method: Case notes were reviewed for all children with 
craniosynostosis, undergoing invasive intracranial pressure 
monitoring, between 2009 and 2018 at Birmingham 
Childrens Hospital. Frisen severity grading of the optic 
disc swelling and timing of ophthalmic assessment was 
analysed for correlation with the ICP; graded <10mmHg 
(normal), 10-15mmHg (high) or >15mmHg (very high). 56 
children with craniosynostosis underwent monitoring, of 
which 28 had documented fundoscopy within 3 months 
of ICP measurement, and were included for analysis. 13 
had single suture involvement, 6 had syndrome associated 
synostosis, 9 had pansynostosis with no known associated 
syndrome. 

Results: Of 28 patients (mean 59 months ± 48.2 at time of 
monitoring), 10 (36%) had papilloedema. All 10 patients 
had high or very high ICP on monitoring. 

21 patients had raised ICP of which 10 (48%) had 
papilloedema. Overall, the sensitivity of papilloedema as a 
marker of raised intracranial pressure is 0.48, specificity 1.00, 
PPV 1.00, NPV 0.39 (p=0.03). 

The same parameters (sensitivity, specificity, PPV, NPV) 
were not statically significant in syndrome-associated and 
non-syndrome-associated synostosis. Those with raised 
ICP had monitoring younger (mean 40.9 months) than 
those with normal ICP (mean 114 months). There was 
no significant change in sensitivity found with changes 
in age. Frisen grading did not significantly correlate with 
intracranial pressure level. 

Conclusions: Our findings demonstrate papilleodema 
is a highly specific sign for identifying raised ICP, and an 
absence of papilledema cannot be used to rule out raised 
ICP. Given this variation, there is no identifiable ICP value 
at which papilloedema ‘reliably’ occurs and moderate 
increases in ICP in this cohort did not get papilloedema. 
In contrast to similar studies, we found no difference in 
sensitivity when comparing different age groups, although 
our population was younger and a higher proportion had 
raised intracranial pressure. 

Circulating Brain Injury Biomarkers After 
Surgery for Craniosynostosis

MD Isak Michaëlsson1, MD, PhD Tobias Hallén1, Associate 
Professor Thomas Skoglund1, MD Robert Olsson1, MD, PhD 
Giovanni Maltese1, Associate Professor Peter Tarnow1, MD 
Madiha Bhatti-Søfteland1, Professor Henrik Zetterberg1, 
Professor Kaj Blennow1, Professor Lars Kölby1

1Department of Neurosurgery, Gothenburg, Sweden

Background: There are numerous surgical techniques 
described for the treatment of craniosynostosis, ranging from 
large cranial vault procedure to more minimally invasive 
spring assisted craniotomies. The extent of possible brain injury 
during these surgeries is not known. In this prospective study of 
patients undergoing surgery for sagittal or metopic synostosis, 
a novel approach to detect possible neuronal damage after 
surgery is presented.

Methods: Consecutive patients operated for sagittal or 
metopic synostosis at the Craniofacial Unit at Sahlgrenska 
University Hospital, Sweden between June 2019 to September 
2020 were included. Sagittal synostosis was corrected by 
either a pi-plasty procedure or strip craniotomy with spring 
insertion. Metopic synostosis was operated with frontal 
remodeling. All spring-patients underwent spring extraction 6 
months after insertion. Plasma concentrations of brain injury 
biomarkers (glial fibrillary acidic protein [GFAP], tau, and 
neurofilament light [NFL]) were measured immediately before 
induction of anesthesia, immediately before and after surgery, 
and on the first and the third postoperative days, using 
enzyme-linked immunosorbent assays.

Results: Seventy four patients were included; 20 underwent 
surgery for metopic synostosis; for sagittal synostosis 10 patients 
underwent pi-plasty procedure and 44 strip craniotomy 
with spring insertion. Spring extraction was performed in 35 
patients. Compared to baseline, GFAP showed a maximal 
significant increase at day 1 after surgery for metopic and 
pi-plasty procedures (p=0.0004 and p=0.005, respectively), 
but there was no postoperative increase in GFAP after strip 
craniotomy with spring insertion or after spring extraction. For 
NFL, a maximal significant increase was seen at day 3 after 
surgery for both cranial vault procedures and strip craniotomy 
with spring insertion. A significantly higher NFL concentration 
was seen for the cranial vault procedures compared to strip 
craniotomy with spring insertion (p<0.001). No postoperative 
increase in NFL was seen after spring extraction. For tau, 
a slight increase was seen directly after surgery for spring 
extraction (p=0.039), but not after any other procedure.

Conclusion: In conclusion, the plasma levels of brain injury 
biomarkers were significantly higher after larger cranial 
vault procedures compared to spring assisted craniotomies, 
suggesting a larger neuronal and astroglial injury during the 
more extensive surgeries. 
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Characterising Optic Nerve Head 
Morphological Variation in Craniosynostosis: 
A Cohort Study

Dr Sohaib Rufai1, Dr Vasiliki Panteli2, Professor Richard 
Hayward2, Professor David Dunaway2, Dr Frank Proudlock2, 
Mr Noor ul Owase Jeelani2, Mr Richard Bowman2

1University Of Leicester, Leicester, United Kingdom, 2Great Ormond 
Street Hospital for Children, London, United Kingdom

Background: Craniosynostosis can be associated with 
intracranial hypertension (IH), which can damage the brain 
and optic nerve head (ONH) if unaddressed. Handheld 
optical coherence tomography (OCT) can non-invasively 
achieve three-dimensional images of the optic nerve. In this 
world-first prospective cohort study, we used handheld OCT 
in children with non-IH associated craniosynostosis, to assess 
ONH morphological variation.

Methods: Children with craniosynostosis aged <18 years were 
included if they had stable visual acuity (within 1 logMAR line) 
and non-papilloedematous discs on fundoscopy >4 months 
following handheld OCT, stable visual evoked potentials, and/
or grand median ICP<20mmHg without prolonged spikes 
on intracranial pressure (ICP) monitoring, where available. 
Prolonged ICP spikes were defined as >2 ICP spikes at least 
double the baseline ICP and >20mmHg for >5 minutes. We 
compared ONH parameters for craniosynostosis (including 
FGFR1/2 mutations) vs. controls from a published dataset 
(Patel, Ophthalmology, 2016), using a linear mixed model to 
account for age, eye and spherical equivalent, and assessed 
handheld OCT feasibility in craniosynostosis.

Results: Handheld OCT was successful in 50 of 55 (91%) 
eligible children; 21 (42%) were female, 41 (82%) had non-
FGFR1/2-associated craniosynostosis and 9 (18%) FGFR1/2-
associated (Crouzon=4; Apert=3; Pfeiffer=2). Median age 
at OCT was 51 months (range: 2-157; IQR: 37-73); median 
follow-up was 10 months (range: 4-20; IQR: 7-12). Control 
data were available for 107 children. In FGFR1/2-associated 
craniosynostosis vs. controls, cup width was 41% smaller 
(p<0.001), cup-to-disc ratio 41% smaller (p<0.001), nasal rim 
height 25% greater (p=0.036), rim area 49% greater (p=0.033), 
temporal cup area 62% smaller (p=0.024), temporal Bruch’s-
membrane-opening-minimum-rim-width 22% greater (p-
0.026). In non-FGFR1/2-associated craniosynostosis vs. controls, 
rim width was 14% greater (p=0.013) and rim area 37% greater 
(p=0.001). There was no anterior displacement of Bruch’s 
membrane observed in any children within this cohort.

Conclusions: We found excellent feasibility of handheld 
OCT and significant variation in ONH morphology in this 
cohort, relating to the cup and rim. There were no significant 
differences relating to the retinal nerve fibre layer, total 
retinal thickness, or Bruch’s membrane configuration – these 
parameters may be helpful in detecting IH. Our findings could 
help guide the clinical management of craniosynostosis.

The Role of CSF Dynamics in the Early 
Morphological Changes After Endoscopy 
and Helmet Therapy for Scaphocephaly

Camila De Laurentis1,2, Laura Saint3, Dr Matthieu 
Vinchon1,2, Dr Sara Cabet5, Pr Arnaud Gleizal1,4,  
Pr Federico Di Rocco1,2

1Craniosynostosis National Reference Center, Hôpital Femme Mère 
Enfant, Hospices Civils de Lyon, University of Lyon, Lyon, France, 
2Pediatric Neurosurgery Department, Hôpital Femme Mère Enfant, 
Hospices Civils de Lyon, University of Lyon, Lyon, France, 3Lecante 
Orthoprothesist - Proteor Group, Lyon, France, 4Maxillofacial 
Surgery and Stomatology Department, Hôpital Femme Mère 
Enfant, Hospices Civils de Lyon, University of Lyon, Lyon, France, 
5Pediatric Medical Imaging Department, Hôpital Femme Mère 
Enfant, Hospices Civils de Lyon, University of Lyon, Lyon, France

Background: CSF spaces may be enlarged in 
scaphocephaly. However, the role that CSF dynamics may 
play in this craniosynostosis is still uncertain. Aim of this work 
was to analyse the early post-operative evolution in children 
with sagittal suture synostosis submitted to an endoscopic 
repair followed by helmet therapy according to their 
preoperative CSF spaces.

Method: Children with a sagittal synostosis submitted to an 
endoscopic removal of the sagittal bar and occipital and 
parietal decompression followed by helmet remodelling 
therapy between 2020 and 2021, were prospectively studied 
with a 3D optic scan before surgery (pre op), after surgery 
before helmet therapy (post-surgery) and at the end of 
helmet therapy (post-helmet). Children were divided in 
subgoups (large vs small ventricles, large pericerebral spaces 
vs small) based on preoperative CT scans.

Results: Twenty-one children were included. There were 2 
girls. The mean age at surgery was 4 months. A significant 
change in morphology could be appreciated in the 
immediate post-operative period. The mean preoperative 
cranial index (CI) was 67, the mean CI after surgery 
was 74.6 and the mean CI after helmet therapy was 81. 
Large ventricles were found in 13 children and enlarged 
pericerebral CSF spaces in 11. Though preoperative CI were 
similar (ventricular spaces analysis : 68.8 vs 66.8, p :0.29, 
pericerebral spaces analysis : 66.8 vs 69.1, p : 019), post 
surgical CI were significantly bigger in case of large ventricle 
(75.6 vs 71.8, p :0.04) and in case of large pericerebral spaces 
(76.1 vs 72.06, p :0.02). 

Conclusion: CSF dynamics may play a role in increasing 
the post-operative remodelling obtained by the a surgical 
parietal decompression. Conversely, the post-operative 
helmet therapy might be especially needed in children with 
small CSF spaces.
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Syringomyelia in Crouzon Syndrome: 
Watch the Back Long Term

Drs. Iris Cuperus1, Dr. Marie-Lise van Veelen2,  
Prof. dr. Irene Mathijssen1

1Dutch Craniofacial Centre, Erasmus Medical Centre - Sophia 
Children’s Hospital, Department of Plastic and Reconstructive 
Surgery and Hand Surgery, Rotterdam, Netherlands, 2Dutch 
Craniofacial Centre, Erasmus Medical Centre - Sophia Children’s 
Hospital, Department of Neurosurgery, , Netherlands

Background: Syringomyelia can lead to significant 
(neurological) disabilities raging from muscle weakness to 
paralysis. It has several possible causes, but is in the majority 
of cases associated with Chiari-I malformation (CM-I) 
and altered cerebrospinal fluid dynamics. Children with 
Crouzon syndrome have the highest prevalence of CM-I 
compared to other craniosynostosis syndromes, however 
which children are prone to develop syringomyelia 
is unknown. This retrospective cohort study aimed to 
investigate syringomyelia development and progression in 
Crouzon patients. 

Method: Records from 77 Crouzon patients were reviewed 
along with MRI and CT(A) data. Syringomyelia size, 
fronto-occipital horn ratio (FOHR), and tonsillar herniation 
(TH)/CM-I were determined for syringomyelia (Syr) 
and no syringomyelia (nSyr) patients. Presence of high 
intracranial pressure (ICP) was determined by presence 
of papilledema, hydrocephalus, or positive invasive 
ICP measurement. Relevant surgical procedures were 
obtained from electronic patient files. 

Results: Seven (9%) patients developed syringomyelia 
during follow-up. Median age of onset of syringomyelia 
was 12.1 years. Two (29%) patients had cervical, 4 
(57%) had cervicothoracic, and 1 (14%) had holocord 
syringomyelia. During follow-up 3(43%) Syr patients required 
foramen magnum decompression due to deterioration of 
neurological symptoms. In addition, in 1 of these patients 
there was severe syringomyelia size progression. Five (71%) 
of the Syr, and 30 (49%) of the nSyr patients had TH > 5mm 
during follow-up. In the Syr group 5(71%) and in the nSyr 
group 36 (51%) patients developed ventriculomegaly 
(FOHR > 0.4). Ultimately, 3 (43%) patients in the Syr 
group and 15 (21 %) in the nSyr group required a shunt 
or ventriculostomy. Papilledema developed in 5 (71%) 
patients in the Syr, and 40 (57%) of the nSyr group. 

Conclusion: These preliminary results indicate that in 
Crouzon syndrome syringomyelia is also associated 
with CM-I and possibly with high ICP. Almost all patients 
with syringomyelia developed syringomyelia during 
adolescence. Therefore, we recommend follow-up until at 
least adulthood.

Spring-Assisted Posterior Vault Expansion:  
A Parametric Study to Improve the 
Intracranial Volume Increase Prediction

Dr Alessandro Borghi1,2, Miss Lara Deliege1, Dr Gregory 
James2, Dr Juling Ong2, Dr Nuur ul Owase Jeelani2,  
Dr David Dunaway2, 
1University College Of London, London, United Kingdom,  
2Great Ormond Street Hospital, London, Royaume-Uni

Background: Spring-Assisted Posterior Vault Expansion 
(SAPVE) is used to treat syndromic craniosynostosis patients 
(SC). The surgical outcome is still uncertain due to procedure 
complexity and lack of understanding of cranial mechanics. 
We developed and validated a patient-specific finite 
element (FE) model able to predict the SAPVE post-expansion 
intracranial volume (ICV) increase and carried out a 
parametric study to improve the current understanding of the 
effect of surgical parameters.

Methods: Eighteen SAPVE patients (age = 2.6 ± 1.8 years) 
having preoperative (74 ± 106 days before surgery) and 
postoperative (257 ± 234 days after surgery) CT data were 
selected and classified by procedure (2 springs implanted 
on top or side of the skull, 4 springs implanted). Osteotomy 
location (antero-posterior position L, cranio-caudal position 
H, angle Ⅲ), spring models and location were recorded. 3D 
surface models were extracted from pre-procedural CT 
images and spring expansion was simulated: predicted post-
expansion intracranial volume (ICVFE) was compared to the 
value extracted from postoperative CT (ICVCT). A parametric 
study was performed to assess each parameter’s impact 
on the surgical outcome. For each patient, the osteotomy 
location (H, L, Ⅲ) was varied within a pre-defined parametric 
range and the corresponding post-SAPVE ICV was predicted; 
the local sensitivity of ICVFE to each parameter was analyzed 
and compared.

Results: The average postoperative ICVCT recorded was 
1394 ml ± 216 ml and the FE model yielded comparable 
values with an average of 1484 ml ± 267 ml (R2 = 0.76, p 
< 2.10-6). The results of the sensitivity analysis showed a 
consistency throughout the cohort but highlighted some 
differences in terms of intensity depending on the procedure 
performed: The ICV increase for 4-spring patients appears to 
have a statistically higher local sensitivity to the parameter L 
compared to the 2-spring groups. 

Conclusion: This work shows that our FE model can reliably 
predict the effect of spring insertion on SC patients and 
allows for parametric optimization of surgical cuts. The study 
indicates how to optimize the ICV increase according to the 
type of procedure and provides indication on the most robust 
surgical strategy. 
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How Low Should We Go? Safety and 
Craniometric Impact of the Low Occipital 
Osteotomy in Posterior Vault Remodeling

Dr Zachary Zapatero1, Dr Mychajlo Kosyk1, Dr. Christopher 
Kalmar1, Dr Liana Cheung1, Dr Anna Carlson1, Dr Gregory 
Heuer1, Dr. Scott Bartlett1, Dr Jesse Taylor1, Dr. Shih-Shan 
Lang1, Dr. Jordan Swanson1

1The Children’s Hospital Of Philadelphia, 3401 Civic Center Blvd, 
United States

Background: A larger volume cranial vault expansion is likely 
facilitated by a low posterior cranial osteotomy beneath the 
torcula; however, this may impart an increased risk of venous 
bleeding. This study compares the safety infra-torcular to 
supra-torcular osteotomy in patients undergoing posterior 
vault reconstruction (PVR) or posterior vault distraction 
osteogenesis (PVDO). We also analyzed volumetric changes.

Methods: Patients undergoing initial PVR and PVDO 
between 2009-2021 at our institution were grouped by 
occipital osteotomy location, and retrospectively analyzed. 
Craniometric analysis was performed if patients had high-
resolution CT scans available within 180 days pre-and post-
operatively.

Results: A total of 187 patients were included: 106 (57%) who 
underwent PVDO, and 81 (43%) PVR. Infra-torcular osteotomy 
was more common in PVR (n=65, 80%) than PVDO (n=61, 58%; 
p<0.002.). Blood transfused was similar between low and high 
osteotomy cohorts in PVDO (p=0.285) and PVR (p=0.342). 
However, median transfused blood volume per kilogram of 
patient weight was greater in the low- vs high-osteotomy 
PVDO (p=0.010) and PVR (p=0.041) cohorts. Intra-operative 
venous sinus injury was rare. In the PVDO cohort, there was 
increased median intracranial volumetric gain in the low (263 
mL) compared to high-osteotomy cohort (127 mL; p=0.043); 
however, when controlled for distraction distance only a trend 
was observed (p=0.221). Patients undergoing PVDO showed 
a larger median intracranial volume increase (168 mL) 
compared to those undergoing PVR (73 mL; p<0.001).

Conclusion: Infra-torcular osteotomy can be performed 
safely in most patients undergoing cranial vault remodeling, 
and does not appear associated with greater hemodynamic 
instability or sinus injury.

Posterior Vault Expansion and Remodelling 
in Bilateral Lambdoid and Posterior Sagittal 
Synostosis with Acute Posterior Angle: 
Birmingham Children’s Hospital Experience. 

Mr Pasquale Gallo1, Ms Jaime Grant1, Mr Jagajeevan 
Jagadeesan1, Mr Martin Evans1, Mr Stephen Dover1,  
Mr Pete Noons1, Mr Desiderio Rodrigues1

1Supraregional Craniofacial Unit, Birmingham Women’s  
And Children Hospital NHS Foundation Trust, Birmingham,  
United Kingdom

Background: Pure bilateral lambdoid and posterior sagittal 
synostosis (BLSS) represents less than 1% of all craniosynostosis 
(CS). First described by Neuhäuser et al. in 1976, it was later 
named Mercedes-Benz Syndrome (MBS) because of its 
resemblance with the logo of the German automotive brand. 
Ninety-two cases have been published so far—nearly 25% of 
them present with a prominence at the occipital region and 
an acute posterior angle. 

The aim of this study is to describe our current management, 
and the evolution of the surgical technique in the last 20 
years, for the more severe cases of BLSS presenting with 
typical posterior trigonocephaly (PT).

Method: We carried out a search in our craniofacial 
database of BLSS from 2001 to 2021. Cases with synostosis of 
other sutures or associated with faciocraniosynostosis were 
excluded. All pre-operative MRI and CT scans were reviewed 
to identify the patients with prominent occiput presenting with 
a PT. 

Results: Twenty-four children with BLSS underwent surgery 
in the period considered. Nine of these fitted the inclusion 
criteria. No significant genetic abnormalities were identified 
but an ERF variant of uncertain clinical significance in two 
patients. All children presented with a tonsillar descent 
greater than 10 mm and had a degree of moderate/severe 
ventriculomegaly. Two patients required an additional 
procedure beyond the main craniofacial surgery (in one case 
VP shunt, in another case endoscopic third ventriculostomy). 
The surgical technique has evolved over the years and 
involved several strategies to expand the posterior vault till the 
most effective was identified: a posterior vault expansion and 
remodelling (PVER) with a biparietal craniotomy employing 
the same concept of bandeau of the fronto-orbital 
advancement and remodelling. No child who underwent 
PVER required any further procedure and there were no intra 
or post-operative complications in this small series. 

Conclusions: BLSS presenting with severe posterior 
trigonocephaly is a rare and challenging craniosynostosis 
to handle because of the anatomical, bony and vascular, 
characteristics. We refined, over the years, a surgical 
technique of posterior vault expansion and remodelling which 
appears to be safe and effective in the management of 
these patients. 
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Recognition of Intracranial Hypertension 
in Children Using Handheld Optical 
Coherence Tomography

Dr Sohaib Rufai1, Dr Ravi Purohit3, Mr Richard Bowman2, 
Mr David Johnson3, Dr Frank Proudlock1, Mr Tim 
Lawrence3, Mr Noor ul Owase Jeelani2

1University Of Leicester, Leicester, United Kingdom, 2Great 
Ormond Street Hospital for Children, London, United Kingdom, 
3Oxford University Hospitals, Oxford, United Kingdom

Background: Intracranial hypertension (IH) can damage 
the brain and optic nerve head (ONH) if unaddressed. In 
this world-first diagnostic accuracy study, we assessed the 
role of handheld optical coherence tomography (OCT) to 
recognise IH in children.

Methods: We conducted a multi-centre, prospective 
diagnostic accuracy study at Great Ormond Street 
Hospital (GOSH) and Oxford. Children under 18 years with 
craniosynostosis, hydrocephalus, IIH, macrocephaly or 
Albright’s hereditary osteodystrophy were recruited between 
September 2020 and May 2022. Handheld OCT was 
performed at the time of 48-hour intracranial pressure (ICP) 
monitoring. The surgeons measuring/interpreting ICP were 
masked to OCT findings. We considered ICP raised if the 
overall median reading was above 20mmHg, or prolonged 
ICP spikes were present. Prolonged spikes were defined as 
>2 ICP spikes at least double the baseline ICP and >20mmHg 
for >5 minutes. Positive OCT parameters included anterior 
displacement of Bruch’s membrane, raised rim and cup, 
cup obliteration and atrophy. Sensitivity/specificity analysis 
was performed and Fisher’s exact test used to compare 
OCT parameters and ICP (raised/normal).

Results: Handheld OCT was successful in 26 of 27 (96%) 
eligible children. Diagnoses included craniosynostosis (non-
syndromic: n=12; syndromic: n=6), hydrocephalus (n=5), 
idiopathic intracranial hypertension (n=1), macrocephaly 
(n=1) and Albright’s hereditary osteodystrophy (n=1). 
Median age at examination was 85 months (range: 25-208 
months, IQR: 56, 160). One child had optic disc drusen, 
mimicking a raised rim and cup, hence was excluded from 
OCT analysis. When considering anterior displacement of 
Bruch’s membrane, cup obliteration and atrophy as positive 
OCT parameters, sensitivity was 67% and specificity 100% 
for IH. After adding raised rim and cup to positive OCT 
parameters, sensitivity became 87% and specificity 70%. 
Fisher’s exact test demonstrated significant differences 
between OCT and ICP groups using both criteria (p=0.001 
and p=0.009, respectively).

Conclusions: Handheld OCT is feasible in children at 
risk of IH. We have identified useful signs on handheld 
OCT for recognising IH in children with craniosynostosis, 
hydrocephalus and other conditions. The anterior 
displacement of Bruch’s membrane delivered 100% 
specificity and should be considered a ‘red flag’ OCT 
sign for IH. Our findings could help improve the clinical 
management of children at risk of IH.

Spring-Assisted Posterior Vault Expansion

MD PhD Karin Säljö1, MD Madiha Bhatti-Söfteland1, MD 
PhD, Associate Professor Peter Tarnow1, MD PhD Tobias 
Hallén2, MD Robert Olsson2, MD PhD, Professor Lars Kölby1, 
MD PhD Giovanni Maltese1

1Department of Plastic Surgery, Institute of Clinical Sciences, 
Sahlgrenska University Hospital, University of Gothenburg, 
Gothenburg, Gothenburg , Sweden, 2Department of Neurosurgery, 
Institute of Clinical Sciences, Sahlgrenska Academy, University of 
Gothenburg, Gothenburg, Sweden 

Background: Spring-assisted posterior vault expansion has 
previously been shown to be an effective technique for 
surgical correction of multisuture craniosynostosis during the 
first years of life. 

The aim of this study was to evaluate the results of spring-
assisted posterior vault expansion in children over 2 years 
of age with craniosynostosis and signs of high intracranial 
pressure (ICP). 

Methods: All consecutive patients over 2 years of age, 
operated with spring-assisted posterior vault expansion 
2018-2020 at the craniofacial unit at Sahlgrenska University 
Hospital were retrospectively analysed. In brief, a circumferent 
occipital osteotomy created an occipital bone flap that 
was left attached to the dura, and six springs were placed 
along the osteotomy. Low-dose computed tomography 
(CT) was performed prior to the operation, at the time of 
spring removal and one year postoperatively. The intracranial 
volumes were calculated from the CT images using Syngo.Via 
30 software at the Imagine center at Sahlgrenska University 
Hospital. Demographic data of all patients were collected. 
The presence of symptoms and objective signs of high ICP, i.e 
ophthalmoscopic findings, was evaluated before and after 
surgery. 

Results: In total, 15 patients operated with spring-assisted 
posterior vault expansion were identified. Four patients lacked 
adequate CT imaging prior to surgery and were excluded. 
The remaining patients (n=11, (Crouzon/Pfeiffer (n=5), Muenke 
(n=1), multiple craniosynostosis (n=5)) were included in 
the analysis. No major perioperative complications were 
observed. The median age at the time of surgery was 3.9 
(range 2.1-12.8) years and the time of spring removal was 
5 (1.4-8.3) months after insertion. In two patients, the springs 
were removed prematurely due to the risk of exposure 
or exposure of the springs and additionally one patient 
had wound problems following head trauma. The median 
increase in intracranial volume was 274 (129-365)cm3, which 
represents +19 (9-30)%, from insertion to removal of the springs 
and the effect persisted one year after surgery. Symptoms 
related to high ICP greatly improved/was absent at the 
clinical follow-up 1 and 12 months postoperatively, and the 
papilledema was resolved. 

Conclusion: Spring-assisted posterior vault expansion is an 
effective surgical treatment in children over 2 years of age 
with craniosynostosis and elevated ICP. 
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Posterior Vault Distraction Osteogenesis in 
Children Greater Than Four Years Old: A 
Single-Institution Case Series of Six Patients

BA Jamasb Sayadi1,2, MD Duncan Mackay1,2,  
MD H. Peter Lorenz1,2, MD Rohit Khosla1,2

1Division of Plastic & Reconstructive Surgery, Stanford University 
School of Medicine, Stanford, United States, 2Lucile Packard 
Children’s Hospital at Stanford, Palo Alto, United States

Background: Posterior vault distraction osteogenesis (PVDO) 
is an effective treatment for craniosynostosis in infants. It 
remains unclear if older patients adequately ossify after PVDO. 
Patients may require cranioplasty with autologous bone 
grafting or implants to address residual defects. The purpose 
of this study is to report outcomes associated with PVDO in a 
series of older patients treated at our institution.

Methods: Patients were included if they underwent PVDO 
and were at least four years old at the time of surgery. Primary 
diagnosis, operative details, previous surgeries, latency 
period, length of distraction, rate of distraction, length of 
consolidation, complications, and details of cranioplasty if 
applicable were then extracted for all included patients. The 
surface area of the total distraction site and residual cranial 
defects will be measured from computed tomography 
(CT) scans. The percentage of the distraction region with 
ossification will be calculated.

Results: Six patients underwent PVDO between September 
2016 and September 2021. The mean age at time of surgery 
was 10.6 years (4.3 – 18.7 years), and mean distraction length 
was 27.9 mm (14 – 52 mm). Mean latency period was 3.33 
days (0 – 5 days), and mean rate of distraction was 1 mm/day 
(0.4 – 1.7 mm/day). Three patients (50%) required definitive 
cranioplasty at time of hardware removal. There were three 
instances of hardware fracture in a single patient which was 
managed with replacement of distractors. There was one 
incident of hardware exposure in another patient which was 
managed with wound care and observation until hardware 
removal. The CT analysis is underway and will be complete 
prior to presentation.

Conclusions: PVDO is an effective treatment option for 
patients older than 4 years of age to treat symptoms of 
increased intracranial pressure. Complete ossification 
remains challenging in this age group and necessitates 
cranioplasty for definitive reconstruction. An extended period 
of consolidation does not seem to improve ossification. Bone 
gaps may be minimized in these patients with strategies such 
as a longer latency period and slower distraction rates. Future 
studies should assess the role of latency period and distraction 
rate in minimizing residual defects in this age group.

Cranio Cervical Instability in Syndromic 
Craniofacial Patients: 3 Cases Treated by 
Craniovertebral Junction (CVJ) Fixation and 
Proposal of Enlarged Diagnostic Protocol

Dr Giovanna Paternoster1, Dr Sandro Benichi1,  
Dr Eric Arnaud1, Dr Samer Haber1, Pr Hossein Khonsari1,  
Dr Syril James1

1Necker Enfants Malades, PARIS, France

Background: Craniovertebral anomalies, associated to 
Chiari malformations and/or syringomyelia, have been 
increasingly described in syndromic patients; the incidence, 
the mechanism and the possible influence of previous surgery 
have not been well defined. 

We propose a complete evaluation protocol to study all 
CVJ anomalies and we present 3 cases treated with cranio-
vertebral junction fixation to threat the instability responsible of 
severe central SAS or worsening symptomatic syringomyelia.

Methods: Prospectively, since year 2018, all syndromic 
patients with CVJ anomalies older than 4-y-old benefited from 
a standardized screening: dynamic cervical X-rays; medullary 
MRI and dynamic cervical MRI; Cervical CT scan; Sleep study; 
SEP.

2 Crouzon patients (8-y-old and 10-y-old) and one patient 
7-y-old with Mercedes syndrome, previously operated 
on several cranial vault surgeries and foramen magnum 
decompressive surgery, present progressive aggravation of 
the syringomyelia and in one case a severe central apnea 
syndrome (> 45 AIH/h).

In 2 cases a cranio-vertebral fixation and in one patient a C1-
C2 fixation have been realized.

Results: In all cases an immediate reduction of syringomyelia 
has been observed and the central apnoea disappeared 
after surgery (in this case a stent between fourth ventricle and 
cervical subdural spaces has been inserted 6 months after 
surgery for the persisting syringomyelia).

At 2 years of follow-up the radiological and clinical 
observations confirm the good results.

Conclusion: Different mechanism could participate to 
develop CVJ anomalies and subsequent Chiari/syringomyelia 
in multi operated syndromic patients.

All available tests to understand the possible physiopathology 
need to be performed and critically analysed.

The craniovertebral junction fixation can be a therapeutic 
approach in selected situations.
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Optic Nerve Head Asymmetry in 
Unicoronal Synostosis 

Dr Ravi Purohit1,2, Mr Chetan Kantibhai Patel1,  
Miss Kristina McMohan1, Mrs Rachel Edminson1,  
Miss Lucy Dabbs1, Mr Greg Thomas2,  
Mr David Johnson2

1Oxford Eye Hospital, John Radcliffe Hospital, Headly Way, 
United Kingdom, 2Oxford Craniofacial Unit, Oxford,  
United Kingdom

Unicoronal synostosis (UCS) results in larger ipsilateral cone 
volumes and the highest risk of refractive error and/or 
strabismus. The effect of this asymmetry on the optic nerve 
head (ONH) has not been investigated. This study used cross 
sectional optical coherence tomography (OCT) b-scans 
to characterise the ONH in UCS. We used a Spectralis Flex 
(Heidelberg Engineering) OCT to image the optic nerves 
in 62 patients with unicoronal synostosis, 47 with primary 
synostosis and 15 with syndromic synostosis. The control 
group consisted of 135 participants imaged using a Envisu 
C2300 Handheld OCT (Leica). 

The disk width was smaller in the ipsilateral eyes (1550.06 
± 143.26µm) of the patient group when compared to 
the control group (1622.69 ± 255.25µm, p=0.0351). Both 
ipsilateral and contralateral rim heights on nasal and 
temporal sides were greater than the control group (nasal 
rim height; ipsilateral 446.31 ± 102.89µm, contralateral 
422.33 ± 106.82µm, control 198.64 ± 85.59µm, p=0.000, 
p=0.000 respectively; temporal rim height; ipsilateral 295.44 
± 64.98µm, contralateral 316.70 ± 101.88µm, control 91.09 
± 46.25µm, p=0.000, p=0.000 respectively). Shallower cup 
depths were observed in the ipsilateral optic nerves of the 
patient group when compared to the control group (36.84 ± 
206.91µm and 123.64 ± 156.64µm respectively, p= 0.0012). 

This is the first study to characterise physiological differences 
in the ONH in unicoronal synostosis when compared to 
normal controls. Our results show smaller disks and greater 
crowding in the optic cup. We hypothesise lower cone 
volumes in the ipsilateral eye might be a contributing 
factor to disk asymmetry. The physiological elevation of the 
neuroretinal rim in UCS might reduce the accuracy of the 
detection of mild papilledema. 

Posterior Calvarial Distraction in Older 
Paediatric Population: Birmingham 
Craniofacial Unit Experience 

Mr Fardad T. Afshari1, Mr Pasquale Gallo1,  
Miss Jaime Grant1, Mr Martin Evans1, Mr Steve Dover1,  
Mr Desiderio Rodrigues1

1Craniofacial Unit, Birmingham Children’s Hospital, Birmingham, 
United Kingdom

Background: Posterior Calvarial distraction (PCD) is a safe 
and effective technique used to increase cranial vault 
volume and therefore reduce intracranial pressure in children 
with complex craniosynostosis. Optimal timing and method 
used for PCD is controversial. This procedure is usually 
performed in children younger than 2 years. Data regarding 
calvarial distraction in older children is limited. We report our 
experience in PCD in children aged 6 and above to outline 
the applications, benefits and challenges of employing this 
technique in older children.

Methods: A retrospective analysis of a database on 
craniofacial cases from 2006 to 2021 was performed. Patients 
undergoing PCD were identified and children aged 6 and 
above at the time of operation were included. Data on 
demographics and clinical outcomes were obtained from 
electronic records and relevant imaging was reviewed. All 
cases were reviewed by the multidisciplinary craniofacial 
team prior to surgery. 

Results: Overall 98 PCD cases were identified during the 
study period of which 20 cases were identified as having 
undergone PCD at age 6 or above with mean age of 8.8 
years (range 6-18 years). The most common indication was 
pansynostosis associated with raised intracranial pressure. 4 
cases had calvarial remodelling previously and represented 
with symptoms of raised intracranial pressure after their initial 
surgery, requiring PCD as a rescue procedure. The average 
duration of follow up was 3.5 years (0.3 to 11 years). Mean 
distraction distance achieved was 22.5 mm (18-29 mm). 
Five patients experienced complications related to wound 
infection or distractor. Follow up assessment in all patients 
demonstrated evidence of vault expansion and symptomatic 
improvement and resolution of intracranial pressure signs. 
Comparison with younger cohort did not reveal any 
difference in any parameters except lower rate of transfusion 
in the older cohort compared to young cohort (5% vs 38%).

Conclusion: PCD in older children is safe and effective for 
vault expansion and treatment of raised intracranial pressure.
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Re-Operation for Non-Syndromic Single 
Suture Craniosynostosis – A Single Centre’s 
Experience

Dr James Davis1, Dr Rehman Baig1, Mr Martin Evans1,  
Ms Jamie Grant1, Mr Pasquale Gallo1,  
Mr Desiderio Rodrigues1

1Birmingham Childrens Hospital, United Kingdom

Background: Craniosynostosis can be defined as syndromic 
or non-syndromic and according to the type of suture 
involved. In the majority of non-syndromic synostosis surgical 
correction is considered to be a one off operation and re-
operation is very rare.

Over last few decades significant advances have been 
made in our understanding of the pathophysiology and 
surgical techniques for correction of craniosynostosis .

Thomas et al. identified that 6.9% of sagittal craniosynostosis 
had elevated ICP post-operatively. Despite this, there remains 
limited data about recurrence requiring re-operation in non-
syndromic single suture craniosynostosis. 

In this study we aim to explore the incidence and potential 
reasons for re-operation. 

Methods: A retrospective analysis of 521 non-syndromic 
single suture craniosynostosis cases treated surgically by the 
Craniofacial unit of Birmingham Women’s and Children’s 
Hospital NHS Foundation Trust between 2009 – 2019. Data 
was collected from our departmental craniofacial database 
and hospital databases (Ormis and Lorenzo). We defined 
re-operation as need for further definitive craniofacial 
procedure. 

Results: A total of 521 patients underwent operation for non-
syndromic single suture craniosynostosis with a M:F ratio of 
2:1. The median age at time of first operation was 406 days. 
9 patients in our series required ICP bolt insertion after an 
equivocal clinical and radiological assessment. 5/521 patients 
required re-operation (0.95%). 274 patients in our series 
required surgery for sagittal synostosis and 1.8% these patients 
had elevated ICP.

All patients requiring re-operation initially underwent subtotal 
calvarial vault remodelling (CVR) and the median age of 
surgery was 6 montnhs. Of the patients requiring re-operation 
80% underwent posterior calvarial distraction. 

Conclusion: We identified a low rate of patients requiring 
re-operation in non-syndromic single suture craniosynostosis. 
Sagittal craniosynostosis was the only primary suture requiring 
re-operation. In our series those needing re-operation had 
subtotal (CVR) as the primary operation. These patients also 
underwent their initial operation at a comparatively younger 
age. We found that the incidence of raised ICP in our 
patients treated for sagittal synostosis is similar to that found in 
literature.

Prevalence of Ocular Anomalies and Effect 
of Strabismus Surgery in Children with 
Unicoronal Craniosynostosis

Yasmin Esser1, Drs. Parinaz Rostamzad2,  
Dr. Mieke Pleumeekers2, Dr. Sjoukje Loudon1

1Department of Ophthalmology, Erasmus Medical Center, 
Rotterdam, Netherlands, 2Department of Plastic and Reconstructive 
surgery, Erasmus Medical Center, Rotterdam, Netherlands

Background: The prevalence of unicoronal craniosynostosis 
(UCS) has been reported in 1 out of 10.000 births worldwide 
and is the third most common single-suture craniosynostosis. 
Asymmetry of the forehead and orbits in patients with 
non-syndromic UCS can lead to ocular anomalies. Eye 
muscle surgery can be performed to reduce strabismus, to 
prevent amblyopia and to improve the binocular vision. Little 
information is known on the prevalence of ocular anomalies 
and at which age patients with UCS should be screened. 
Therefore we aimed to determine the prevalence of ocular 
anomalies in patients with UCS. 

Methods: A retrospective case-series was performed of 
patients with non-syndromic UCS who have been seen at 
Erasmus Medical Center Rotterdam between 1980 and 
2022. Data was collected from the electronic medical 
records including ophthalmological and orthoptic 
examinations consisting of: demographic information, neuro-
ophthalmological manifestations, type of strabismus, visual 
activity, amblyopia, refractive errors, eye motility, binocular 
vision, color vision and torticollis. Patients were included if 
ophthalmological medical records were available at first 
and last screening. Patients were excluded if UCS was part 
of a syndrome, if there was multi-suture involvement, or if 
ophthalmological records were missing. 

Results: The preliminary results include 80 patients. Mean 
age at first and last examination were 38 and 105 months 
respectively (range 3 - 346 months). The preliminary result 
show that strabismus was the most frequent anomaly (60%), 
in which esotropia had the highest prevalence of 35%. 
Furthermore, 53% of the cases had a V-pattern, and elevation 
in adduction was the most frequent eye motility disorder 
present in 54% of the cases. Followed by exotropia with a 
prevalence of 26%, hypertropia 10% and hypotropia 5%. 
Moreover, hypermetropia was the most common refractive 
error with a prevalence of 82.5% (with at least one diopter). 

Conclusion: This study demonstrates the high prevalence 
of ocular anomalies in non-syndromic UCS. It is important 
to identify which ocular anomalies occur at which ages in 
patients with non-syndromic UCS in order to be able to screen 
and if treatment is required to provide the optimal treatment 
in these patients. 
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Machine Learning in Metopic 
Craniosynostosis: Relating Phenotypic 
Severity to OCT Parameters and Long-term 
Aesthetic Outcomes

Jessica Blum1, Justin Beiriger2, Dillan Villavisanis1,  
Dr. Daniel Cho1, Dr. Scott Bartlett1, Dr. Jesse Taylor1,  
Dr. Jesse Goldstein2, Dr. Jordan Swanson1

1Division of Plastic, Reconstructive and Oral Surgery, Children’s 
Hospital Of Philadelphia, Philadelphia, United States of America, 
2Department of Plastic Surgery, Children’s Hospital of Pittsburgh 
of University of Pittsburgh Medical Center, Pittsburgh,  
United States of America

Purpose: Treatment of metopic craniosynostosis addresses 
twin goals of relieving cephalocranial disproportion and 
improving frontal aesthetics. This study evaluates the 
relationship between metopic severity and both elevated 
intracranial pressure (ICP) and aesthetic outcomes.

Methods: Children with single-suture metopic 
craniosynostosis who were undergoing bi-frontal orbital 
advancement and remodeling (BFOAR) were prospectively 
enrolled and underwent optical coherence tomography 
(OCT) to measure optic nerve head morphology. 

Blinded three-rater aesthetic scoring of photographs 
evaluated Whitaker classification and presence or 
absence of temporal hollowing (TH), lateral orbital retrusion 
(LOR), frontal bone irregularities (FBI) and/or “any visible 
irregularities” (VI).

Severity was evaluated using pre-operative CT scans to 
measure endocranial bifrontal angle (EBFa), interfrontal 
angle (IFA), and CranioRateTM severity. CranioRateTM is a 
machine learning algorithm which generates quantitative 
severity ratings including metopic severity score (MSS) 
and cranial morphology deviation (CMD). Descriptive, 
comparative, and predictive testing was performed with 
significance at p<.05.

Results: Assessment of OCT yielded 49 subjects at an 
average age of 8.3 months at pre-operative CT and 15.2 
months at BFOAR. Fourteen patients (28.6%) had elevated 
OCT parameters suggestive of elevated ICP at the time 
of surgery. There were no significant associations between 
measures of metopic severity and ICP. There was a negative 
correlation between age at procedure and both MSS and 
CMD (r=-.512, p<.001, r=-.286, p=.046, respectively). 

Our aesthetic assessment yielded 43 patients with CT scans 
at an average age of 7.7 months and BFOAR at a mean of 
9.9 months. The average time from operation to aesthetic 
assessment was 5.4 ± 1.0 years. There was a significant 
negative correlation between MSS and age at CT (r =-.451, 
p=.004) and IFA (r=-.371, p=.034) and between IFA and 
age at surgery (r=-.383, p=.018). Decreased age at surgery 
(OR, 1.83; p=.002) and increased length of follow up was 
associated with a worse Whitaker score (OR 2.57, p<.001). 
IFA alone to significantly predicted Whitaker score, with 
a lower IFA predicting a worse Whitaker score (OR .628, 
p=.010).

Conclusion: We did not identify a significant association 
between metopic severity and elevated ICP; however, age 
at surgery, follow -up duration, and pre-operative metopic 
severity did predict long-term aesthetic outcomes.

Stable or Not? Machine Learning Analysis of 
Postoperative Results in Patients with Metopic 
Craniosynostosis 

Ms Anne Glenney , Mr. Joseph Mocharnuk1,  
Mr. Justin Beiriger1, Mr. Wenzheng Tao2, Dr. John Smetona1, 
Dr. Ross Whitaker2, Dr. Jesse Goldstein1

1University Of Pittsburgh School Of Medicine, Pittsburgh, United 
States, 2University of Utah School of Computing, Salt Lake City, 
United States

Introduction: Surgical correction of metopic craniosynostosis 
is variable, with many different techniques in practice. 
Operations range from no overcorrection to significant 
overcorrection of the bandeau anteriorly and temporal 
regions laterally. The purpose of this study is to objectively 
quantify the degree of overcorrection using our surgical 
technique and long-term morphological changes using 
CranioRateTM, a novel machine learning skull morphology 
assessment tool.    

Methods: Patients with preoperative and postoperative CT 
scans who underwent fronto-orbital advancement (FOA) 
for metopic craniosynostosis were included. CranioRateTM, 
a novel shape analysis algorithm, was used to quantify the 
severity of metopic synostosis at each time point; Metopic 
Severity Score (MSS) measures “metopic-ness” and Cranial 
Morphology Deviation (CMD) measures cumulative difference 
from a normal skull in a non-specific direction.    

Results: Fifty-five patients were included, average age at 
surgery 1.3 years. Twenty patients underwent long-term CT 
scan at an average of 1.8 years postoperatively. Preoperative 
MSS was 6.3 ± 2.5, postoperative MSS was -2.0 ± 1.9, and long-
term MSS was 1.3 ± 1.1. Preoperative CMD was 199.0 ± 39.1, 
postoperative CMD was 208.0 ± 27.1, and long-term CMD was 
179.8 ± 28.1. Both measures approached normal values at 
long-term follow-up (defined as MSS=0, CMD=182). There was 
a significant relationship between preoperative MSS and long-
term MSS (R2=0.70) but no relationship between preoperative 
MSS and postoperative MSS (R2=0.01).   

Conclusion: MSS and CMD show precise postoperative 
results that quantify surgical overcorrection and capture the 
normalization of head shape over time. The MSS outcomes 
show the result of overcorrection, as patients had a negative 
MSS value indicating a skull that is less “metopic” than a 
normal patient. CMD worsened postoperatively, which is a 
result of the bony changes and dysmorphology following 
FOA. All patients had statistically similar postoperative 
metopic severity, with no significant association with 
preoperative severity, a result that confirms that every patient 
receives the same overcorrection procedure regardless 
of presenting severity. However, more severe patients had 
worse long-term severity, which reinforces that regression 
to the metopic shape is a postoperative risk that increases 
with preoperative severity. This novel study demonstrates the 
quantification of short- and long-term follow-up in metopic 
patients.   
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Free Flaps Cranial Vault Remodelling for 
Sagittal Synostosis

Laura Valentini1, Md Veronica Saletti1, MD Alessandra 
Erbetta1, MD Enrico Gambatesa1, MD Mirella Sevso1, MD 
Ignazio Vetrano1

1Fondazione Istituto Neurologico Carlo Besta, Milano, Milan, Italy

Introduction: The best technique for Scaphocephaly 
(mininvasive vs open) correction is still a matter of debate, 
due to difficulties comparing aesthetic and functional 
results. In fact, cosmesis is hard to objectivate; cognitive and 
behavioral deficits are mild and need long-term observation 
and complex testing to be quantified. Due to this uncertainty 
in balancing intervention risks with the natural history, even 
surgical indications are discussed. We quantified the results of 
our technique.

Case series and Technique: 170 children were operated 
on for sagittal synostosis as documented by 3DCT, with a 
male prevalence (133/37). At surgery 142 children (group 
A) were <1 year (mean 6,8 months), 28 >1 year (B). Multiple 
craniectomies were performed with high-speed drill, by zig-
zag bicoronal approach; bone flaps were programmed on 
preoperative-CT; two broad, symmetric front-parieto-temporal 
free flaps were created, than each was divided, leaving a 
residual bone at vertex upon the sagittal sinus 2-4 cm wide, 
to prevent venous damage and late diastasis. This bridge was 
interrupted by 2-4 transversal cuts to allow vertical growth. 
The final shape was obtained by the molding effect of brain 
growth, without rigid fixation. Continuous resorbable suturing 
(“Denim”) to improve the scar.

Results: There was no mortality or infections; 2 children were 
re-operated to improve cosmesis, 1 for progressive bone 
defect, and for 1 CSF collection. Aesthetics was judged by 
doctors and parents in 150 children by serial photos, Eco 3D, 
and scar quality. Neuro-psychological results were evaluated 
on testing and school performance resulted in no delay in 
A children. Cranial index graphs measured improvement 
of shape and volume on volumetric CT in 100 cases. At 
late MRI none of 65 evaluable, A children presented Chiari 
Malformation while it was documented in 6/25 B children. 

Discussion & Conclusions: The present technique had a low 
morbidity rate and good efficacy, correcting cephalic and 
vertical index, increasing intracranial volumes, so preventing 
CM1, preserving cognition, and improving aesthetics. Another 
advantage was feasibility at any age, also in older children.

Persistent Discrepancies in Orbital 
Morphology After Surgical Treatment of 
Unicoronal Synostosis

Hanna Lif1, Johan Nysjö2, Johan Vegelius3,  
Dr Jesper Unander-Scharin1, Professor Per Enblad4,  
Dr Daniel Nowinski1

1Uppsala University, Department of Surgical sciences, Plastic- and 
Maxillofacial Surgery, Uppsala, Sweden, 2Uppsala University, 
Department of Information Technology, Division of Visual 
Information and Interaction, Uppsala, Sweden, 3Uppsala University, 
Department of Statistics, Uppsala, Sweden, 4Uppsala University, 
Department of Medical Sciences, Neurosurgery, Uppsala, Sweden

Background: Unicoronal synostosis (UCS) is characterised by 
complex bilateral orbital asymmetry and a high prevalence of 
ophthalmological disorders. This study aimed to quantitatively 
describe differences in orbital volume and shape in patients 
operated with Fronto-orbital advancement (FOA) with the 
goal to identify deviating tendencies of synostotic and 
nonsynostotic orbits.

Method: 147 orbits were analysed from computed 
tomography images of 20 preoperative (mean 9.3 months), 14 
follow-up (mean 3.0 years) patients and 43 matched controls. 
Orbital volume was calculated with a semi-automatic 
segmentation software. Statistical shape modelling was 
used to evaluate orbital shape by geometrical 3D models, 
signed distance maps, principal modes of variation and three 
objective parameters (mean absolute distance, Hausdorff 
distance and dice similarity coefficient).

Results: When comparing synostotic to nonsynostotic orbits, 
volume and all shape parameters were significantly different 
at both ages. Compared to controls, all shape parameters 
differed significantly, and orbital volume was significantly 
smaller on the synostotic side at follow-up. Intraindividual 
symmetry was significantly improved, but not when compared 
to controls. Preoperative synostotic orbits were larger in the 
anterior-superior and anterior-inferior regions and smaller in 
the lateral, medial and anterior regions. At follow-up, the 
synostotic sides were larger superiorly and anterolaterally, and 
remained smaller in the lateral and medial regions. The medial 
side was more asymmetric at follow-up whereas the inferior 
asymmetry was reduced. Differences in shape compared 
to controls was less pronounced for the nonsynostotic side. 
A variation around the mean shape was identified both 
preoperatively and at follow-up in both directions from the 
mean and was most evident on the nonsynostotic side at 
follow-up.

Conclusions: Discrepancies in orbital shape and volume 
persist in UCS after FOA and subsequent growth. This may 
have implications for the development of future surgical 
treatment protocols. Future studies connecting morphology 
to ophthalmological disorders, esthetics and genetics could 
provide further insight to enable better outcomes in UCS.
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Neurodevelopment in Craniosynostosis  
with Smad6

Dr Isabelle Verlut1,4, Pr Corinne Collet3, Dr Massimiliano 
Rossi2,5, Dr Pierre-Aurélien Beuriat1,4, Sofia Guernouche1,4, 
Pr Federico Di Rocco1,4

1Craniosynostosis National Reference Center Of Lyon, Lyon, 
France, 2Competence centre for constitutional bone diseases of 
Lyon University Hospital, Lyon, France, 3Genetics department 
of Robert Debré hospital-Paris University hospital, Paris, France, 
4Pediatric Neurosurgery Department, Hôpital Femme Mère 
Enfant, Hospices Civils de Lyon, University of Lyon, Lyon, France, 
5Genetics Department, Hôpital Femme Mère Enfant, Hospices 
Civils de Lyon, University of Lyon, Lyon, France

Background: Smad6 has been recently described to be 
involved in midline craniosynostosis. We reviewed our cases 
of patient with craniosynostosis and a genetically confirmed 
Smad6 variant. 

Method: Charts of children with synostosis operated on for 
a craniosynostosis between September 2018 and 2021 with 
a genetically confirmed variant of Smad6 were reviewed. 
All children were submitted to a neuropsychological testing 
according to age.

Results: A Smad6 variant was found in 8 children, 4 
boys and 4 girls: 6 patients with trigonocephaly, 1 with 
scaphocephaly, 1 with oxycephaly. They were aged from 
18 to 100 months (mean 36) at neuropsychological testing. 
A great variability among individuals was found. However 
all children over 30 months showed a cognitive impairment 
in executive functions. The scaphocephalic patient showed 
a normal development with a weakness for global motor. 
The oxycephalic patient and the trigonocephalic patients 
group showed an early detectable and specific delayed 
expression of language and cognitive development 
related with executive functions difficulties. The patient with 
oxycephaly had also an abnormal cardiac ultrasonography 
examination.

Conclusion: Our results highlight the importance of an 
early detection of underlying mutations. They indeed 
confirm the impact of Smad6 in the functional outcome 
of patients with craniosynostosis and enlarge the clinical 
spectrum of Smad6 related synostosis. An early recognition 
of neurodevelopmental issue, which can be obtained with 
appropriate tools, as well as long neuropsychological follow-
up in craniosynostosis, is of paramount importance for the 
overall outcome of the patients.

Measures of Posterior and Anterior 
Morphology in Sagittal Craniosynostosis: 
The Frontal Bossing and Occipital Bulleting 
Indices 

Dr. Griffin Bins1, Dr. Deborah Cull1, Ryan Latyon1,  
Dr. Samuel Kogan1, Dr. Christopher Runyan1

1Wake Forest Baptist Health, Winston-salem, United States

Background: Sagittal craniosynostosis (SC) is associated 
with scaphocephaly, an elongated narrow head shape. 
Assessment of regional severity in the scaphocephalic head is 
limited by the use of serial CT imaging or complex computer 
programing. Three-dimensional measurements of cranial 
surface morphology provide a radiation-free alternative for 
assessing cranial shape. This study describes the creation of a 
frontal bossing index (FBI) and Occipital Bulleting Index (OBI), 
a novel tool using surface morphology to assess the regional 
severity in patients with SC. 

Methods: Surface imaging from CT scans or 3D photographs 
of 360 individuals with sagittal craniosynostosis and 221 
normocephalic individuals were compared to identify 
differences in morphology. Cartesian grids were created on 
each individual’s surface mesh using equidistant axial and 
sagittal planes. Area under the curve (AUC) analyses were 
performed to identify trends in regional morphology and 
create measures capturing population differences.

Results: The largest differences were located in the superior 
lateral regions anteriorly and medial regions posteriorly. Using 
these population trends, measures were created maximizing 
AUC. The AUC of the frontal bossing index is 0.97 with a 
sensitivity and specificity of 94% and 93%. The Occipital 
Bulleting index has an AUC of 0.72 with a sensitivity of 74% 
and a specificity of 61%. Correlation between the two scores 
in individuals with SC was found to be negligible with an 
intraclass correlation coefficient of 0.018. Severity in both 
measures was found to be independent of age, sex, and 
imaging modality.

Conclusions: These indices are powerful tools for 
differentiating control head shapes from those with sagittal 
craniosynostosis, and have the potential to allow for 
objective evaluation of the regional severity, outcomes of 
different surgical techniques, and tracking shape changes in 
individuals over time, without the need for radiation. 
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The Craniofacial Surgeon’s Role in The 
Treatment of Head Tumour in Pediatrics

Urbano Urbani1, Md Francesca Grussu1, Giorgio 
Spuntarelli1, Guido Giprandi1, Giuseppe Maria Milano2, 
Mario Zama1

1Plastic and Maxillofacial Surgery Unit - Bambino Gesù Children’s 
Children’s Hospital, Rome, Italy, 2Department of Pediatric 
Hematology/Oncology - Bambino Gesù Children’s Hospital, Rome, 
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Background: The number of children affected with a 
craniofacial tumour is constantly increasing inside the Italian 
population. To make a precise diagnosis is much more difficult 
than in adults, because of a wide number of associated 
paediatric comorbidities. A standardized therapeutical 
approach is essential for a rapid diagnosis and a correlated 
proper care. The craniofacial surgeon is always involved in the 
whole therapeutic pathway.

Method: 350 new tumours are admitted every year at 
Bambino Gesu’ Children’s Hospital. 70 out of the total amount 
are pertinent to the skull and face segments as a first location. 
All these patients are submitted to a CT scan or an MRI as a 
first step. Analysis of the radiological examinations showed 
the lesion’s pattern and a possible correlated malignancy. 
Sometimes the imaging is clearly indicative for some 
most favourable areas to be biopsied. Hystopathological 
examination’s mandatory in order to submit the child to the 
most appropriate therapeutic protocol. Sparing surgery is 
mandatory for benign lesions even If when done, widest 
resections require an immediate reconstruction. Malignant 
neoplasms are treated according with the ongoing protocols 
as per Country. Surgical resection is the final expression of 
an interdisciplinary and multidisciplinary Teamwork sharing 
their experiences. Skull and maxillofacial reconstruction is a 
multifaceted procedure including different steps and is mainly 
due to the tumour’s prognosis and the head’s growth as well.

Results: Craniofacial surgeon has a leading role in the 
diagnosis and treatment of head and neck pediatric tumours. 
His immediate role consist in the correct sampling of the 
lesion. Biopsies are particularly challenging when orbital and 
Skull Base areas are affected. When the surgical removal 
of the lesion is clearly advocated, a more satisfactory 
reconstruction is obtained both for middle facial located and 
Skull Base tumours only If a standard craniofacial approach is 
performed.

Conclusion: Major principles for a surgical resection in 
pediatric patients affected by an onchologic disease are 
similar to principles used in craniofacial surgery. It’s preferable 
for an oncological Team to have one or more surgeons skilled 
with autologous bone reconstruction. Functionality and 
Aesthetic aspects have both to be preserved in a pediatric 
population.

Reconstruction of Hemifacial Microsomia 
Alters Visual Attention: A Prospective Eye-
Tracking Study

Dillan Villavisanis1,2, Clifford Workman2, Zachary 
Zapatero1,2, Giap Vu1,2, Jessica Blum1, Daniel Cho1,  
Jordan Swanson1, Scott Bartlett1, Anjan Chatterjee2,  
Jesse Taylor1

1Children’s Hospital of Philadelphia, Philadelphia, United States, 
2Preleman School of Medicine at the University of Pennsylvania, 
Philadelphia, United States

Introduction: Facial areas attracting visual attention in 
lateralizing craniofacial pathologies such as Hemifacial 
microsomia (HFM) are poorly understood, but are ideal for 
studying gaze patterns. This study aims to determine lay 
person visual attention of pre- and post- jaw reconstruction 
HFM patients using eye-tracking technology.

Methods: Sixty-eight images of patients with pre- and post-
jaw reconstruction were used in this study. Four discrete 
areas of interest (AOIs) were defined on the anomalous side 
as forehead/orbit (FO), cheek/ear (CE), nose/lip (NL), and 
mandible/chin (MC). The TobiiPro Nano eye-tracking system 
registered visual fixations, and linear mixed effect models 
(RStudio) compared visual fixations pre- and post-surgery. 

Result: 23,215 visual fixations were captured over 60 trials 
from 30 participants within defined AOIs. Analysis revealed 
significantly decreased postoperative visual fixations 
on MC [447 (55.4%) pre-reconstruction, 359 (44.6%) post 
reconstruction; Ⅲ=-0.220, SE=0.071, z=-3.084, p=0.002] and 
CE [1380 (52.3%) pre-reconstruction, 1260 (47.7%) post-
reconstruction; Ⅲ =-0.090, SE=0.040, z=-2.22, p=0.026]. Analysis 
revealed significantly increased postoperative visual fixations 
in the FO [5855 (49.3%) pre-reconstruction, 6032 (50.7%) post-
reconstruction; Ⅲ=0.066, SE=0.021, z=3.096, p=0.002].

Conclusions: Following surgery to improve jaw form and 
function in HFM, laypersons demonstrated significantly 
less visual attention to CE and MC regions and increased 
visual attention to the FO region. These findings suggest 
postoperative improvement towards aesthetic normalcy may 
reduce visual attention to previously anomalous anatomy.
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Visual Ability of Children with 
Craniosynostosis

Miss Sally Painter1, Miss Laura Wadlow1, Dr Jasvir Virdee1, 
Miss Shivani Kasbekar2

1Birmingham Children’s Hospital, Birmingham, United Kingdom, 
2University Hospital Coventry and Warwickshire, Coventry,  
United Kingdom

Background: Craniosynostosis can impact the visual 
development of a child in three main ways: by altering 
ocular alignment or inducing refractive error, preventing 
adequate lid closure, and causing raised intracranial 
pressure. Historically, children with craniosynostosis, 
particularly if associated with a genetic syndrome, had the 
potential to be blinded by their condition.  A combination 
of inadequate lid closure resulting in corneal exposure, 
or untreated or unrecognised raised intracranial pressure 
resulted in optic atrophy and blindness. We aimed to 
study the current incidence of ophthalmic pathology in 
craniosynostosis.

Method: Children aged 7-13 years attending a face to face 
ophthalmic craniofacial clinic between Feb 2020 and June 
2021 were included in a retrospective note review. Each 
child was assessed by an orthoptist and ophthalmologist 
specialising in craniofacial disorders and a complete 
assessment of visual ability and function was conducted. 

Data collection included diagnosis, previous craniofacial 
interventions, ophthalmic diagnoses and interventions. 
Objective measures of visual acuity, ocular alignment, optic 
nerve function and retinal nerve fibre layer condition on 
optical coherence topography (OCT) were recorded at the 
final visit.

Results: 42 children (22 girls) were assessed at a median 
age of 10.25 (7.9-13.1) years. Nine children had syndromic 
craniosynostosis, 6 multisuture synostosis, 27 had single suture 
synostosis. 36/42 had craniofacial surgery. 45% of the cohort 
had strabismus, 11/42 (25.6%) had squint surgery, 2/42 (4.6%) 
had had tarsorrhaphy for corneal protection. 4/42 (9.5%) 
had had papilledema detected, however, at final review, 
15/68 eyes showed some retinal nerve fibre layer changes 
on OCT imaging. All children had binocular visual acuity 
that reached driving standard; no children were registered 
sight impaired. 66% wear glasses and 16% have residual 
amblyopia. 

Conclusion: Craniofacial care has improved with better 
communication within multidisciplinary teams. Optic 
atrophy is rare and visual loss due to exposure keratopathy 
was not seen. As expected, a high incidence of strabismus, 
glasses wear and amblyopia is persistent despite corrective 
craniofacial surgery. Visual impairment was not seen in our 
cohort. The visual impact of craniosynostosis is significantly 
lower than in previously documented series.

Sickle Cell Disease Association with 
Premature Suture Fusion in Young Children

Dr. Monica Manrique1, Dr. Esperanza Mantilla-Rivas1,  
Sara Toro-Tobon1, Dr. Juliana Paredes-Gutierrez1,  
Dr. Albert Oh1, Dr. Gary Rogers1

1Children’s National Hospital, Washington, United States

Background: Sickle cell disease (SCD) leads to the formation 
of an atypical hemoglobin tetramer with reduced capacity 
to carry oxygen. Although correlation between SCD and 
craniosynostosis (CS) has been mentioned, these are mostly 
small series or case reports. This paper aims to study any 
correlation between these entities in a large pediatric 
population. 

Methods: We retrospectively reviewed head CT scans of 
SCD patients from 0-8 years of age who required a CT for 
issues unrelated to their head shape between 2012 and 2020. 
We excluded patients with known history of CS or any CS 
related syndrome, hydrocephalus, shunt placement, history 
of cranial surgery, or any reported cerebral or cranial shape 
abnormality.

Results: 94 CT scans were analyzed. The mean age at 
imaging was 4.48 ± 2.30 years. CS prevalence in this cohort 
was 19.1%. Analysis between independent variables and 
patients with +CS showed that SCD associated vasculopathy, 
first-degree relatives with SCD, and the use of folic acid had a 
statistically significant association with CS development. 

Conclusion: Approximately 20% of pediatric patients with 
SCD developed CS. This association was higher is those 
patients with a family history of SCD, used folic acid, and 
had SCD associated vasculopathy. While the clinical impact 
of these findings needs more extensive study, centers that 
manage patients with SCD should be aware of the relatively 
high concordance of these diagnoses, vigilantly monitor head 
shape and growth parameters, and understand the potential 
risks associated with unidentified or untreated CS. 
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Craniofacial Surgery-Related Hashtag 
Utilisation on Instagram

Ms Sarah Kilcoyne1, Ms Constance Rogers1,  
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1Oxford Craniofacial Unit, Headington, United Kingdom

Background: Very little research exists about the use of 
Instagram hashtags in relation to medical topics, with no 
current published research on the use of Instagram in relation 
to craniofacial surgery. 

Aims: The study aimed to investigate what craniofacial-
surgery related content is being posted to Instagram, who 
is responsible for posting this content, and the purpose and 
response to these posts. 

Methods: The study queried 12 Instagram craniofacial 
surgery-related hashtags. Quantitative and qualitative data 
was collected for each of the “top” 9 posts associated with 
each hashtag (76 posts). Duplicate posts, posts not in English 
and those not relevant to craniofacial surgery were excluded.

Thematic analysis was used to qualitatively evaluate the 
captions and comments of each of the nine “top” posts 
associated with each hashtag. 

Results: A total number of 151,738 posts were identified using 
the 12 hashtags studied in this project, with #craniofacial 
being the most popular hashtag (87% of posts). Parents 
(n=25, 33%) and surgeons (n=25, 33%) were responsible for 
the majority of posts, and other groups were eliminated from 
further analysis.

Results indicated that parents and surgeons posted 
significantly different images (chi-squared with Yates 
correlation is 25.0519, p<0.00001). Parents’ posts were 
predominantly images of patients (n=24) compared to 
surgeons (n=6). Posts by surgeons were predominantly images 
of professionals (n=20) compared to patients (n=1).

Results of qualitative analysis of captions of posts indicated 
a significant difference in themes that emerged between 
parents and surgeons; with surgeons largely using Instagram 
for information giving, and parents for sharing of experiences 
(chi square (n=108) = 40.83, p<0.00001).

There was a significant difference (two tailed t-test, p=0.002) 
in engagement (measured by the number of likes on posts) 
on posts by parents (mean= 3778) compared to posts by 
surgeons (mean = 135.4) 

Conclusions: Results indicate that #craniofacial posts on 
Instagram provide a medium to allow individuals and families 
with rare disorders to connect and share their experiences. 
The use of Instagram to share information about craniofacial 
abnormalities via Instagram has the potential to be used by 
healthcare professionals to educate and support patients 
and families. 

Reducing Inappropriate Referrals Using a 
Standardised Referral and Photographic 
Assessment at the National Paediatric 
Craniofacial Centre in Ireland

Ms Maire Caitlin Casey1, Ms Emma Holohan1,  
Ms Linda Comey1, Ms Noelle O’Mahony1,  
Ms Shirley Bracken1, Mr Dylan Murray1

1National Paediatric Craniofacial Centre, Ireland, Dublin, Ireland

Introduction: The National Paediatric Craniofacial Centre 
(NPCC) provides treatment for a myriad of craniofacial 
conditions. Each year, approximately 700 patients are 
seen, including 230 new patients. An audit of practice in 
2016, showed the majority of referrals received queried 
craniosynostosis, and that 40% of patients were discharged 
upon first review, with no abnormality identified. To address 
this, the NPCC referral pathway was standardised with 
the introduction of a designated referral form. Despite this 
and other interventions, we receive inconsistent referral 
information and see increasing numbers of children 
presenting with normal head shapes that do not require 
craniofacial expert care. On the 1st of October 2019 a quality 
improvement (QI) initiative was undertaken whereby the 
NPCC referral form was required for all “head shape” referrals 
and accompanied by photographs. The aim of this study was 
to assess the impact of standardising the referral pathway. 

Methods: A retrospective audit of practice was conducted 
examining a year prior to the introduction of the QI initiative 
October 2018 to September 2019, and the subsequent year, 
October 2019 to September 2020. Rate of discharge upon 
first review, patient pathology, patient re-referral and time to 
review were primarily assessed. 

Results: In this 24 month period, 293 new patients were 
reviewed at clinic with an ‘abnormal head shape’. The rate 
of discharge upon first review reduced from 65% (n=119/182) 
pre- standardisation to 56% (n=62/111) post. A significant 
reduction of 50% was found in the number of patients 
reviewed in the two periods with “normal head shapes”, 
from 28% (51/182) to 14% (15/111) (p=0.02). This group 
represents the inappropriate referrals seen as they do not 
require craniofacial expert care. Following standardisation, 
105 referrals were also rejected as they had no craniofacial-
related abnormality identified. Four of whom were referred 
secondly and subsequently reviewed with no change to the 
clinical diagnosis. A 67% reduction in time to review a new 
patient was also identified, from 24weeks pre-standardisation, 
to 8weeks thereafter.

Conclusion: The introduction of a standardised referral 
pathway significantly impacted on our clinical practice, 
reducing unnecessary patient review and time to review 
enabling the provision of a more efficient service. 
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The Natural History and Management of 
Fibrous Dysplasia of the Orbit

Craniofacial Research Fellow Jessica Blum1,  
Dillan Villavisanis1, Dr. Daniel Cho1, Jinggang Ng1,  
Dr. Jordan Swanson1, Dr. Jesse Taylor1, Dr. Scott Bartlett1

1Children’s Hospital Of Philadelphia, Philadelphia, United States

Background: Fibrous dysplasia (FD) is the most common 
craniofacial tumor encountered by plastic surgeons. A 
subset of FD patients will have disease affect the optic 
canal, threatening compressive neuropathy and irreversible 
vision loss. The purpose of this study is to evaluate the 
natural history and visual outcomes of 36 patients with 
orbital fibrous dysplasia (FDO).

Methods: All patients treated for FD from 2015 to 2021 
were identified by ICD-10-CM codes for monostotic and 
polyostotic disease, yielding 186 patients. Of these patients, 
36 had orbital involvement. Demographic information and 
disease course were obtained by chart review. Serial head 
CTs were evaluated to track the natural history of tumor 
growth, and operative records were reviewed to determine 
surgical pathway (conservative, moderate, or “radical”).

Results: Average patient age at FD diagnosis was 10.6 ± 
4.8 years (range 0.7 – 18.8 years). The average timespan 
covered by CT was 3.8 ± 4.4 years (range 0.7 – 16.7 years), 
with an average in-person follow up of 5.4 ± 4.7 years 
(range 0.15 – 16.6 years). Eleven patients (30.6%) had 
polyostotic FD, including five patients (13.9%) with McCune 
Albright syndrome (MAS). There was no FDO growth in the 
absence of simultaneous craniofacial FD growth. Of the 72 
optic nerves evaluated, 36 nerves (50.0%) belonging to 28 
(77.8%) patients were at least partially encased by FD, with 
83.3% completely encased. Patients with 100% encasement 
were not significantly more likely than those with partial 
encasement to require orbital decompression (p=.298). 
Thirteen patients (36.1%) required at least one therapeutic 
optic nerve decompression. Younger age at diagnosis 
was significantly associated with increased number of 
surgical interventions (r=-.458, p=.008), younger age at first 
optic canal decompression (Ⅲ=.678, t(35)=3.963, p=.003) 
and worse visual outcomes (Ⅲ=-.402, OR=0.669, p=.209) as 
determined by stable visual loss from their pre-operative 
evaluation. MAS was not significantly associated with the 
requirement for orbital decompression (p>.05). 

Conclusion: In our cohort, patients with FDO diagnosed at 
a younger age required more surgeries, earlier optic canal 
decompression, and had worse visual outcomes.

Craniofacial Approaches to Transgender 
Facial Feminization 

Drew Schnitt1

1Inspire Aesthetics, Delray Beach , United States

Background: With growing exposure and acceptance 
of the transgender community worldwide and the ever 
growing number of patients seeking surgical improvement of 
appearance in this population, there is a significant lack of 
training and discussion regarding technique, outcome and 
patient satisfaction. 

Method: 20 years of retrospective data and surgical 
methodology was analyzed with regard to age, specific areas 
of treatment and outcome along with patient satisfaction. 
Fifteen consecutive facial feminization cases starting from 
the latest and counting back over the past five years were 
compared with the fifteen years prior to that to evaluate any 
changes in technique, outcome and patient satisfaction 
based on records and patient reviews. 

Results: The specific techniques have changed very little over 
the past 20 years with some minor adjustments. The specific 
techniques and changes will be discussed by photo and 
video presentation. Before and after photos of the previous 
consecutive fifteen patients will be demonstrated. All patients 
reviewed were satisfied with the overall outcome of their 
surgery. There were 3 complications which included one 
cheek implant extrusion, one transient cranial nerve VI palsy 
and one patient with notching on the bony part of their nasal 
bone. 

Discussion: There is a growing need for craniofacial surgeons 
who have the knowledge and skill to perform transgender 
facial feminization surgery. Very few centers around the globe 
present surgical technique nor offer training to surgeons 
searching to learn this highly specialized area of craniofacial 
surgery. Data review reveals an extremely high patient 
satisfaction rate with a relatively low complication rate. 
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The Functional and Psychosocial Benefits 
of Tongue Reduction Surgery (TRS) for 
Macroglossia in Beck with Wiedemann 
Syndrome (BWSm) - Findings from a 10 Year 
Cohort Study

Ms Caroleen Shipster1, Mr Juling Ong1,  
Professor David Dunaway1

Great Ormond Street Children’s Hospital, london, United Kingdom

Background: TRS is recommended for children who have 
macroglossia associated with BWS to overcome or reduce the 
secondary negative effects of the macroglossia on cosmesis 
and a variety of functions including feeding and speech. 
However, studies to date have provided little detail about the 
range of functional difficulties caused by the macroglossia 
and the degree of improvement that is achieved following 
TRS. Furthermore, few studies describe the assessment 
measures used to evaluate the presenting difficulties in 
unoperated macroglossia and the changes that occur post-
surgery making the interpretation of reported outcomes within 
the literature difficult.

Study Aims: In contrast, the main aim of this prospective 
study carried out at the UK multidisciplinary national service 
for children with BWSm, was to systematically evaluate the 
pre-operative functional and psychosocial effects of the 
macroglossia and the changes that occur post-operatively 
using an assessment tool specifically designed to capture 
functional effects caused by the macroglossia in the following 
areas: feeding, speech, drooling, and the presentation of the 
lips and the tongue. 

The views of parents and older children regarding their 
satisfaction with the outcomes and psychosocial benefits 
following surgery were also obtained via qualitative 
questionnaires. 

Method: Between April 2012 and March 2022, a consecutive 
series of 202 participants underwent TRS at Great Ormond 
Street Hospital (GOSH). Age at surgery ranged between 
1 and 17 years. 80 % had surgery below 3 years of age. 
All were evaluated pre-operatively and 3-8 months post –
operatively using the same assessment tools and qualitative 
questionnaires. 

Results: Articulatory errors and feeding difficulties were 
present in the majority pre-operatively and were eliminated 
by TRS. Excessive drooling was present in 80% pre-operatively 
and significantly reduced or eliminated post-operatively. 
Positive psychosocial changes and satisfaction with the 
functional changes following surgery were reported by 
parents and older children in all cases. 

Conclusion: Macroglossia causes distinct articulatory and 
feeding difficulties; increased drooling and psychosocial 
difficulties directly related to the macroglossia. TRS has a 
positive impact on these difficulties with consistently good 
outcomes for children with BWS across a broad age range. 
This is the largest cohort of children with BWSm studied 
to date.

The Surgical Experience of Patients 
Undergoing Tongue Reduction surgery (TRS) 
for Macroglossia in Beckwith Wiedemann 
Syndrome (BWS) - A 10 Year Experience from 
the National BWS Macroglossia Service

Mr Juling Ong1, Professor David Dunaway1,  
Ms Caroleen Shipster1

1Great Ormond Street Hospital For Children, London, United 
Kingdom

Background: TRS is recommended for children who have 
macroglossia associated with BWS to overcome or reduce the 
secondary negative effects of the macroglossia on cosmesis 
and a variety of functions including feeding and speech. 
However, studies to date have provided little detail about the 
perioperative experience and complication rates of patients 
undergoing TRS. 

Study Aims: The aim of this study carried out at the UK 
multidisciplinary national service for children with BWSm, was 
to systematically evaluate the peri-operative experience 
of a large cohort of patients being managed by a highly 
specialized TRS service. 

Method: Between April 2012 and March 2022, a consecutive 
series of 202 participants underwent TRS at Great Ormond 
Street Hospital (GOSH). All data was prospectively collected 
from patients undergoing TRS in the BWS macroglossia service. 

Results: Between April 2012 and March 2022, a consecutive 
series of 202 participants underwent TRS at Great Ormond 
Street Hospital (GOSH). Age at surgery ranged between 1 and 
17 years (mean 3.0 years). The average length of inpatient 
stay was 3.7 days and patients returned to normal feeding in 
1.7 weeks. The overall complication rate was 16%. 21 patients 
required a secondary tongue reduction surgery

Conclusio:n: Macroglossia causes distinct functional 
(articulatory and feeding difficulties) and aesthetic morbidity. 
TRS has a positive impact on these difficulties and this work 
demonstrates that surgery can be performed safely, with a 
low complication rate. This is the largest cohort of children 
with BWS macroglossia studied to date.



O
RA

L 
A

BSTRA
C

TS

63

SATURDAY 24 SEPTEMBER

Prenatal Ultrasound Parameters of Twins with 
Sagittal Suture Craniosynostosis Question 
Mechanical Constraint as the Leading 
Cause

Irene M.J. Mathijssen1, Kevin Cinca, Catherine de 
Planque1, Nina Peters, Sarah Versnel1

Erasmus MC, Rotterdam, Netherlands

Background: Multiple pregnancy is a known predisposing 
factor for sagittal suture synostosis, and intrauterine constraint 
has been suggested as a potential cause. This study evaluates 
prenatal images of single and multiple pregnancies of 
children with sagittal suture synostosis to assess the possible 
pathogenesis.

Methods: Prenatal ultrasound data of scaphocephaly twins 
treated at Erasmus MC was retrieved retrospectively. The 
head circumference (HC), cephalic index (CI) and biparietal 
diameter (BPD) were analyzed. Data was compared to the 
non-affected sibling, singletons with scaphocephaly and to 
general fetal growth reference values. 

Results: Data of 8 twin pregnancies with 10 cases of 
scaphocephaly was gathered. For the HC no difference 
was found between affected fetuses and reference values 
throughout pregnancy. For the BPD a reduced growth was 
found, compared to control values. The growth curve for the 
CI of the affected twins is lower from the start and declines 
over time. When comparing affected fetuses to non-affected 
fetuses, the same differences for the BPD and CI were found 
as compared to controls. No differences in growth parameters 
were found between the non-affected siblings and reference 
values, nor between the affected scaphocephaly twins and 
singletons with scaphocephaly. 

Conclusions: Scaphocephaly in twin pregnancy develops 
early on in pregnancy, similar to singleton pregnancy, 
making the theory of constraint as a cause less likely. The 
development of scaphocephaly in twins is likely to be 
attributed to the same disturbed developmental processes in 
suture development as in singletons, and not to mechanical 
constraint.
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Maxillofacial & Orthodontic Aspects  
of Craniofacial Surgery

The Use of 3D Planning & 3D Molds in 
Craniosynostosis

Hans Delye1, Marloes Nienhuijs1

1Radboud University Medical Centre, Nijmegen, Netherlands

Background: In craniosynostosis, one or more cranial sutures 
are closed too early, as a result of which normal growth is 
disrupted. Surgical skull correction is often required, with the 
aim of cosmetic correction and facilitating normal growth of 
the brain. With timely diagnosis, endoscopic treatment can 
take place. If craniosynostosis is diagnosed later, extensive, 
open skull reconstruction is necessary. Good preparation by 
using a 3D Virtual Surgical Planning (VSP), helps to make this 
procedure as efficient as possible. 

Method: A digital 3D model of the skull is made based on 
a CT scan. Using a 3D model of an average, healthy skull 
at the same age as reference, various surgery scenarios 
are simulated. The average skull shape is reconstructed as 
optimally as possible with as few bone segments as possible. 
When the final plan is established, 3D molds are created that 
help the surgeon to cut the planned bone segments into the 
correct shape (marking template) and return them to the 
planned position (reconstruction template). 

Results and Conclusion: By the use 3D Virtual Surgical 
Planning (VSP), including the templates as mentioned above, 
the mean OR time could be reduced by several hours, blood 
loss to 40 ml and postoperative ICU admission to 1 night. The 
end result approximates the average skull shape. So, with the 
use of 3D Virtual Surgical Planning and 3D printed surgical 
templates, skull reconstructions can be optimized even further. 

Vascular Anomalies May Affect Dental 
Maturation and Development

Sami Leinonen1, Pia Vuola1, David Rice1,2, Arja Heliövaara1

1Department of Plastic Surgery, Cleft Palate and Craniofacial Center, 
Helsinki University Hospital, Helsinki, Finland., , Finland, 2Department 
of Oral and Maxillofacial Diseases, University of Helsinki and Helsinki 
University Hospital, Helsinki, Finland., , Finland

Background: Vascular anomalies are often associated with 
hypertrophy and asymmetry of bony structures and dental 
anomalies. The aim of this retrospective cross-sectional 
radiographic study was to evaluate dental maturation in 
patients with facial vascular anomalies and congenital 
infiltrating lipomatosis.

Method: A sample of 342 patients with different vascular 
anomalies or congenital infiltrating lipomatosis involving the 
head and neck area from the Register of Vascular Anomalies 
was narrowed down to 26 patients with dental panoramic 
radiographs taken in mixed dentition. The anomaly was 
described to be left or right side dominant if applicable. Each 
individual permanent tooth was then given a maturation 
score from 1 to 12 and alveolar eruption stage according to 
Haavikko et al 1970.

Differences in maturation per tooth between affected and 
unaffected sides were recorded. Missing teeth and other 
dental anomalies were also noted.

Results: The vascular anomalies in this study were Sturge-
Weber and Klippel-Trenaunay syndromes, infantile 
hemangiomas, venous, capillary, lymphatic and AV-
malformations, and congenital

lipomatoses. Dental maturation scores and alveolar eruption 
stages differed bilaterally between affected and unaffected 
sides. Although the dental maturation scores of the incisors 
did not differ significantly, the more posterior teeth showed 
differences. On the level of individual teeth, an acceleration 
of dental development on the side of the malformation 
was found in 10 patients affecting most commonly at least 
two teeth. These differences occurred more frequently in 
the maxilla (9 patients) than in the mandible (4 patients). 
Interestingly all the patients with Sturge- Weber syndrome 
(n=3) and infiltrating lipomatosis (n=2) showed unilateral 
accelerated dental maturation of multiple permanent teeth. 
Alveolar eruption pattern closely follows the pattern of dental 
maturation. Extensive unilateral dental root resorption was 
found in two patients. Macrodontia of teeth with accelerated 
development was also noted in 3 patients from clinical 
photographs.

Conclusion: Accelerated development and eruption 
of permanent teeth unilaterally in patients with vascular 
anomalies may have a significant impact on the developing 
occlusion and should be thus evaluated by an orthodontist. 
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Allograft Vs Autograft Cranioplasty 
Outcomes, A 21-Year Review

Dr. Griffin Bins1, Dr. Ana Patel1, Dr. Samuel Kogan1, Amelia 
Davidson1, Dr. Daniel Couture1, Dr. Christopher Runyan1

1Wake Forest Baptist Health, Winston-salem, United States

Cranioplasty is a standard neurosurgical procedure used to 
reconstruct skull defects using either native bone (autograft) 
or foreign material (alloplast). Though often performed and 
well-studied, cranioplasty still presents a clinical challenge in 
minimizing negative outcomes that may lead to graft removal 
and revision. We hypothesized that the use of alloplastic graft 
material is associated with a lower rate of complications, and 
that comorbidities traditionally associated with poor wound 
healing (e.g., diabetes, prior radiation, smoking) would lead 
to a higher rate of complications. 

Four hundred and twenty-two adult cranioplasty patients 
between treated from 2000-2021 were studied retrospectively. 
Demographics, comorbidities and graft materials were 
assessed. Graft complication as was defined as events 
requiring surgical revision or removal.

The overall complication rate was 19.5%. There were 40 
revisionary surgeries. Head and neck (HENT) radiation 
and autograft are associated with an increased risk of 
complications (p=0.028 and p=0.004, respectively). The 
rate of complications differed by indication for surgery, with 
tumor resection having the highest rate at 38.5% (p=0.003). 
Equal numbers of alloplast (50.9%) and autograft (48.0%) 
were used. Smokers were more likely to have an autograft 
(47.1%, p=0.021). Fifty-nine patients (15.7%) had a revisionary 
operation. A graft concern was the most common indication 
for revision. We found no statistically significant association 
between indication for surgery and indication for revision. In 
multivariate analysis, HENT radiation alone increased odds 
of a graft complication by 15.63 fold (p=0.007). No other 
variables were statistically significant. 

In our cohort, previous HENT radiation was associated with 
increased cranioplasty complication rate. Prospective work 
must be done to identify positive predictors of cranioplasty 
outcomes.

Patient Specific Implant Cranioplasty:  
A Single Center Experience 

Dr Moath Shummo1, Dr Taimoor Al Balushi
1Khoula Hospital, Muscat, Oman

Background: Performing Cranioplasty in patients 
with cranial defects is crucial to restoring their form 
and function. The aim of this study is to share our 
experience and complications with using patient specific 
polyetheretherketone (PEEK) implants 

Method: 15 patients with cranial defects following 
compressive craniotomies underwent cranioplasty with PEEK 
implants. 

Results: Cranioplasty with Patient specific PEEK implants 
demonstrated reduced operating time, reduced hospital 
stay and excellent patient satisfaction. Few cases required 
drainage of post operative collection.

Conclusion: Cranioplasty is a common procedure and 
Patient Specific PEEK implant is a safe option that gives 
excellent cosmesis.

Neurosurgical Aspects of  
Craniofacial Surgery
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Growth Trajectories of The Occipito-Cervical 
Junction in Children: Geometry, Anatomy, 
and Biomechanics

Maxime Taverne1, Angèle Ganet1, Giovanna Paternoster,1 
Syril James1, Sandro Benichi1, Roman Hossein Khonsari1 
1Hôpital Necker - Enfants Malades, 149 Rue, France

Keywords: Bone density, Geometric morphometrics, Growth 
model, Joint congruence, Ligament density, Upper cervical 
spine.

Objectives: Decisions to operate children presenting with 
occipito-cervical junction (OCJ) anomalies are difficult, mostly 
because little is known about the normal growth of this region, 
and regarding the natural history of the conditions affecting 
this joint. The present study aims at quantifying the growth of 
the OCJ in a cohort of normal children to pave the way for 
future studies that will provide objective insights to surgeons 
about whether and when to operate.

Materials and Methods: The CT-scans and MRIs of 90 control 
children aged 0-18 years were included to reconstruct 3D 
surfaces of the skull base, the first two cervical vertebra, 
and the ligament network. Their 3D shape was quantified 
using geometric morphometrics. Growth trajectories of 
morphological variation were computed using 2-blocks partial 
least-squares regressions. The evolution of the biomechanics 
of OCJ was quantified based on the congruence of articular 
surfaces, and on density variations of bones and ligaments.

Expected Results: 3D geometric morphometrics is widely 
used to describe morphological variation quantitatively and 
in relation with functional and clinical variables. Hence, we 
expect the bone morphology to strongly covary with age, 
and joint congruence to increase as the musculoskeletal 
system gets mature. We also hypothesize that ligament 
density will covary with that of the bone, especially at 
insertion sites. Finally, we expect the ligament stiffness to 
compensate for the extreme mobility of this region.

Conclusions: We expect the results obtained to provide 
objective information on the normal evolution of patients who 
do not need surgery. Furthermore, these results will pave the 
way for further research on cohorts including patients with 
congenital anomalies, that will help to better understand 
their anatomical specificities, and to anticipate their 
morphological and functional evolution, should they undergo 
surgery or not.

A Systematic Review Comparing Endoscopic 
Strip Craniectomy with Molding Helmet 
Therapy Versus Spring Assisted Cranioplasty 
for The Treatment of Non-Syndromic Single 
Suture Sagittal Craniosynostosis

Dr Alexandra Valetopoulou1, Dr Maria Constantinides2,  
Mr Greg James3, Mr Adikarige Haritha Dulanka Silva3

1Royal Free NHS Trust, London, United Kingdom, 2Barts NHS Health 
Trust, London, United Kingdom, 3Department of Neurosurgery, 
Great Ormond Street Hospital, London, United Kingdom

Background: Common minimally invasive techniques for the 
correction of non-syndromic sagittal craniosynostosis include 
endoscopic strip craniectomy with post-operative molding 
helmet therapy (ESC-H) and spring assisted cranioplasty 
(SAC). There remains a paucity of evidence comparing the 
two techniques. 

Methods: This systematic review was reported according to 
the 2020 PRISMA statement. Four databases were searched 
from inception to 19th February 2021. We collected data for 
the following outcomes: blood transfusion; estimated blood 
loss; operative time; complications; re-operations; post-
operative ICU admission; length of hospital stay; and cephalic 
index.

Results: We identified 21 eligible studies, including 1,047 
patients - of which 489 (47%) underwent SAC and 558 (53%) 
underwent ESC-H for non-syndromic sagittal craniosynostosis. 
No difference was found between ESC-H and SAC groups 
for the following outcomes: operative time, length of stay, 
estimated blood loss, cephalic index, and reoperation rate. 
ESC-H was associated with a higher blood transfusion (12.7% 
vs 2.1%) and post-operative ICU admission rate (5.1% vs 0.0%). 
SAC was associated with a higher complication rate (7.1% vs 
3.5%). 

Conclusion: This systematic review shows that outcomes 
are similar between ESC-H and SAC for the treatment of 
non-syndromic sagittal craniosynostosis. However, the 
available literature is limited by predominantly single centre 
retrospective studies of low methodological quality. To 
generate robust and generalisable data, there is a need for 
international multi-centre randomised trials comparing these 
techniques. 

Neurosurgical Aspects of 
Craniofacial Surgery
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Non-Surgical Aspects of  
Craniofacial Surgery

Comparison of Two Intra-Operative 
Multimodal Analgesia Strategies in Frontal 
Orbital Advancement and Remodelling 
(FOAR) Surgery: Retrospective Case Series

Dr Arjun Ardeshana1, Dr Steve Roberts1

1Alder Hey Children’s Hospital, Liverpool, United Kingdom

Background: Effective pain relief is an important aspect of 
care for patients undergoing craniosynostosis surgery. There 
is a paucity of evidence on the optimal intra-operative 
analgesia regime, though work has been carried out to 
identify trends in post-operative analgesia in this group. We 
aim to compare two intra-operative multimodal analgesia 
strategies used at our institution and their effect on rescue 
analgesia consumption and PONV.

Method: All patients undergoing FOAR surgery between 
29/04/2019 and 28/04/2021 were included. Data was 
gathered from anaesthetic records, electronic prescriptions 
and inpatient notes. Primary outcome measures included 
rescue oral morphine consumption on post-operative day 
(POD) 0-2 and incidence of vomiting. Data was also collected 
on demographics including weight, presence of syndromes, 
length of stay, pain scores and time to first oral intake. 

Results: Fifty-eight cases were identified. All patients received 
intra-operative remifentanil infusion, IV paracetamol, LA 
wound infiltration, IV dexamethasone and a variable dose 
of IV ketamine and clonidine. Additionally, 38 of 58 patients 
received IV morphine 0.05 - 0.22mg/kg intra-operatively 
(opioid group) and the remaining patients did not receive 
long-acting opioids (opioid free group). Post-operatively, 
each patient received regular IV paracetamol, regular 
ibuprofen and PRN oral morphine (0.2mg/kg). 

Overall, 40 (86.2%) patients required a rescue dose of oral 
morphine on POD 0-2. This was 33 (86.8%) patients in the 
opioid group and 17 (85.0%) in the opioid free group. The 
risk of requiring a rescue dose of morphine in the opioid free 
group was similar to the opioid group (0.98 95% CI 0.78 - 1.22). 

All patients received regular IV dexamethasone (0.1mg/kg) 
8 hourly for 2 doses and regular IV ondansetron (0.1mg/kg) 8 
hourly for 48 hours. The mean daily incidence of vomiting on 
POD 0 to 2 was 0.72 in the opioid group compared with 0.58 in 
the opioid free group (p = 0.47).

Conclusion: The decision to include or omit morphine from 
the intra-operative analgesia regime has minimal effect on 
post-operative rescue analgesia consumption and emesis 
events in patients undergoing FOAR surgery. In contrast to 
other studies, we have also demonstrated that patients do 
not require IV opioids in the early post-operative period.

Parental Patient-Reported Outcomes 
Measures Questionnaire to Improve Follow-
Up of Craniosynostosis Surgery

Federico Di Rocco1,2, Sofia Guernouche1,2, 
 Ludivine Huguet1,2, Dr Julie Chauvel Picard3,  
Dr Carmine Mottolese1,2, Dr Isabelle Verlut1,2

1Craniosynostosis National Reference Center, Hôpital Femme 
Mère Enfant, Hospices Civils de Lyon, University of Lyon, Lyon, 
France, 2Pediatric Neurosurgery Department, Hôpital Femme 
Mère Enfant, Hospices Civils de Lyon, University of Lyon, Lyon, 
France, 3Maxillofacial Surgery and Stomatology Department, 
Hôpital Femme Mère Enfant, Hospices Civils de Lyon, University 
of Lyon, Lyon, France

Background: Following the experience of other major 
craniofacial centres, we adapted in french a Parental 
Patient-Reported Outcomes Measures (PPROM) 
questionnaire inquiring several aspects of the issues 
that parents might have during the follow-up after 
craniosynostosis. Aim of this report is to discuss our 
preliminary experience in the early follow-up.

Method: Our cohort included all children under the age 
of 7 years coming to the medical out-patient consultation 
for the follow-up of a non-syndromic craniosynostosis at 
our center from november to december 2021. All patients 
included have been operated on at least 2 years before 
the assessment by the PPROM.

Results: Eighty PPROM questionnaires concerning 54 
children (34 boys and 20 girls) were completed: 27 sagittal, 
16 metopic and 11 coronal suture craniosynostosis. The 
average age of the children was 3.7 years. Both parents 
filled separately a PPROM in 23 of the cases whereas in the 
remaining 31 only one parent was present.

Most recurrent anxieties concerned the items on behavior 
and emotions, the shape of the child’s skull and the scar. 
The worst scores were for the shape of the child’s skull. 
Conversely, parents showed little distress for the child’s 
cognitive development, acquisition, autonomy and 
relationships with others.

Interestingly, 22% of the parents were not able to answer 
correctly what type their synostosis their child had despite 
several pre and post operative consultations. 

When comparing maternal and paternal PPROM when 
available (43%), in 75% of those, we found a difference of at 
least 2 points in at least one item of the PPROM.

Conclusion: This questionnaire facilitates the expression of 
parental worries during the consultation with the surgeon. 
The PPROM was useful to recognize the discrepancy 
between the parents in their views. 

In conclusion, PPROM facilitates the multidisciplinary 
management (medical, paramedical, psychological and 
scholar) in the follow-up of patients with craniosynostosis.

Based on our results, we have developed a therapeutic 
education program aiming to improve the understanding 
of the craniosynostosis and the quality of life.
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Obstetrical Impact of Craniosynostosis

Pr Pierre Guerreschi2, Dr Matthieu Vinchon1,  
Dr Mélodie-Anne Karnoub2, Dr Amelie Toubol2

1Hospices Civils De Lyon, Bron, France, 2university hospital, Lille, 
France

Background and purpose: Cranial sutures play a role no 
just during calvarial growth, but also during birth, providing 
adaptability to the fetus’ head in order to ensure normal 
progression during labor. The impact of craniosynostoses on 
birth difficulties is poorly documented

Material and Methods: We reviewed retrospectively our 
experience with craniosynostoses during the last five years 
and noted all cases having presented with birth difficulties, 
and among these the number requiring cesarean section, as 
well as children victim of birth head injuries.

Results: Among 233 new cases of craniosynostosis, in 
106 (45.5%) birth was associated with difficult labor. In 35, 
obstetrical maneuvers and/or fetal distress occurred, but not 
ending in C-section; 57 (24.4%) were born by C-section for 
fetal distress and 14 (%) by C-section because of maternal 
reasons. Overall, 30.5%, were born by C-section, a figure 
to be compared with 20% in the general population. The 
prevalence of C-section was higher in boys than in girls (31.9% 
VS 25.7% NS). Four children (1.7%) presented with traumatic 
head injuries after vaginal delivery.

Conclusions: The high prevalence of birth difficulties in 
children with craniosynostosis confirms the important role of 
sutures in the biomechanics of labor. The prenatal diagnosis 
of craniosynostosis has implications regarding the risks of 
delivery, and information should be shared with parents and 
obstetricians.

Prevalence of Mendosal Suture Patency in 
Infants Up to 18 Months of Age

Esperanza Mantilla Rivas1, Joseph M. Escandon1,  
Daniela Duarte Bateman1, Monica Manrique1,  
Albert K. Oh1, Gary F. Rogers1

1Children’s National Hospital, 111 Michigan Ave, Nw, United States

Background: The mendosal suture joins the interparietal and 
inferior portions of the occipital bone. Persistent patency of 
this suture can result in bathrocephaly, an abnormal occipital 
projection. This study aims to determine normal temporal 
fusion of the mendosal suture and cranial shape of the 
patients with persistent suture patency. 

Methods: A retrospective review of head CT scans in patients 
aged 0 to 18 months who presented to the emergency 
department between 2010-2020 was completed. Presence 
and patency of the mendosal suture were assessed. Cranial 
shape analysis (CSA) was conducted in the cases presented 
with 100% suture patency and age matched controls. An 
exponential regression model was used to forecast the timing 
of suture fusion.

Results: 378 patients met inclusion criteria. Median age at 
imaging was 6.8 months (IQR 2.9, 11.6). Initiation of mendosal 
suture fusion was observed as early as 4 days of age and was 
completed in all instances by age 18 months. Most patients 
had either a complete or partial suture fusion (66.7% vs. 
30.7%, respectively), and 2.6% of patients had 100% suture 
patency. CSA demonstrated increased occipital projection in 
patients with 100% suture patency compared to their controls. 
Exponential regression model suggested that the mendosal 
suture closure begins prenatally and typically progresses to full 
closure at age 6 months.

Conclusions: Prevalence of a patent mendosal suture was 
2.6%. Mendosal suture fusion initiates in-utero and completes 
ex-utero within the first year of life. Delayed closure results in 
greater occipital projection. 
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Experience of the Earwell Infant Ear 
Correction Device in Ten Children with  
Ear Anomalies 

Mr. Derek Mendonca1

1Al Jalila Children’s Hospital/ Mohammed Bin Rashid University 
School of Medicine, Jaddaf, United Arab Emirates

Introduction: Children born with ear anomalies exhibit a 
wide spectrum of deformities, ranging from the simple to the 
complex. Non-surgical interventions are gathering increasing 
interest from parents seeking early treatment in the infancy 
stage. The aim of this study is to investigate our experience 
with the Earwell infant ear correction device in a diverse 
Middle Eastern and Asian population.

Materials and methods. This was a prospective study of all 
patients treated with the Earwell infant correction device. 
We included all patients with ear anomalies who had a 
grossly intact ear framework. Children with microtia and 
anotia were excluded from the study. Case notes were 
prospectively evaluated, and data collected for time of 
application, duration, device related problems and final 
outcomes. Improvement in ear deformity was graded into 
minimal improvement (0-25%), mild improvement (25-50%), 
good improvement (50-75%) and excellent improvement (75-
100%). Pre and post treatment photographs were obtained 
for documentation. 

Results: A total of 10 patients were treated with ear 
anomalies. The deformities ranged from prominent ears to 
conchal crus, Stahls ear, lop ear to constricted ear. The mean 
time to start treatment was 2 months (1-6), mean duration of 
treatment 6.5 weeks (6-8), duration of application 35 minutes 
(31-40). All Earwell devices were applied in the daycare ward 
or outpatient clinic. One patient failed treatment due to 
severe skin reaction related to the device adhesive. Nine of 
ten patients (90%) had an improvement in their ear deformity. 
Two patients had minor skin ulcerations, which healed 
conservatively. Children treated before 5 months had good to 
excellent improvement, while children treated after 5 months 
had a mild improvement in the ear deformity. Technical 
details of application and tips for success will be presented. 

Conclusion: The Earwell infant correction device is safe, 
effective and can be applied to all forms of ear anomalies., 
except for microtia. The device is well accepted by parents, 
but needs close follow up to detect minor device related 
issues. Children treated before 5 months had good to 
excellent improvement, while children treated after 5 months 
had a mild improvement in the ear deformity.

Outcomes of Patient and Public 
Involvement for a European Clinical 
Guideline on Robin Sequence

Elin Weissbach1, ERN CRANIO Working group on  
Robin Sequence
1Erasmus Mc, Rotterdam, Netherlands

Background: A European Guideline on Robin sequence 
(RS) was initiated by the European Reference Network for 
Craniofacial Anomalies and ENT disorders (ERN-CRANIO) 
to understand the current state of evidence for its 
diagnostic criteria and treatment. To gain insight in parents’ 
experiences on the organization of care and information 
management and to identify encountered obstacles and 
needs in the organization of care, a so called patient and 
public involvement (PPI) was performed.

Method: A survey in eight different languages was 
shared with parents of RS patients in twelve participating 
hospitals of ERN-CRANIO with closed-ended and open-
ended questions. Open-ended questions were utilized to 
invite parents to specify positive and negative aspects 
in the organization of care during treatment phases. 
Subsequently, the quantitative survey data was analyzed 
using descriptive tools such as cross tables. The open-ended 
questions were reviewed and ordered by open descriptive 
and thematic coding.

Results: 94 parents from eight countries participated in 
the survey. 58.5% of the parents reported difficulties in the 
organization of care in the first few weeks after birth. The 
following themes were most commonly addressed: (1) 
problems with early recognition of the disease and referral 
to specialized multidisciplinary teams; (2) importance of 
prenatal suspicion of RS and early access to specialized 
care takers and facilities; (3) improving information and 
practical instructions on feeding and breathing in non-
expert centers as well as accessory material; (4) need 
of multidisciplinary expert centers with a contact point 
for parents and a coordinator for both, specialized care 
and communication with external/ regional health care 
providers; (5) importance of structural psychological 
counseling.

Conclusion: Although national health systems differ 
within the ERN-CRANIO network, parents report common 
obstacles in the care for children with RS, often related to 
the first weeks of life. The experiences of parents emphasize 
the need of early recognition of RS , the multidisciplinary 
aspect of care and the importance of practical support 
for breathing and feeding in the first weeks of the child’s 
life. Based on these findings, recommendations regarding 
the organization of care are addressed in the European 
guideline.
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Parents of Children with Craniosynostosis 
and Their Satisfaction with The Hospital Care 
Provided

Mrs Anna Stenson Zerpe1, Dr Daniel Nowinski1,  
Dr Mia Ramklint3, Mrs Caisa Öster3

1Department of Surgical Sciences, Uppsala University, Uppsala, 
Sweden, 2Department of Plastic and Maxillofacial Surgery, 
Uppsala University Hospital, Uppsala, Sweden, 3Department of 
Neuroscience Psychiatry, Uppsala University, Uppsala, Sweden

Background: Craniosynostosis is usually diagnosed in early 
infancy. Treatment almost always involves surgery, and care 
is optimally organized around an interdisciplinary team of 
specialists. Parents’ satisfaction can be used as an indicator 
of quality in paediatric care, and previous research shows 
that parents are generally satisfied with the care provided 
around their child’s craniosynostosis surgery. However, there 
are no studies of this in a Scandinavian context. This study 
aimed to explore how satisfied Swedish parents of children 
with non-syndromic craniosynostosis are with the hospital care 
provided around the surgery. 

Method: A questionnaire, consisting of 29 questions divided 
into seven domains about parents’ satisfaction with care, 
was sent by post to all parents of children who had surgery 
for craniosynostosis at the Uppsala Craniofacial Centre 
from January 2018 to April 2022. The questionnaire ended 
with a free text area to enable parents to write comments 
and suggestions for improvement. Questionnaire data were 
compiled with descriptive statistics, and the free-text answers 
were analysed with qualitative content analysis. 

Result: The data indicated high satisfaction with care among 
the parents. However, the range of scores in some domains 
implied that some parents perceived lower quality of care. 
This was especially seen in the domains: Information Routines, 
Accessibility and Information Illness. Parents’ assessment of 
overall quality of care was high with a mean of 8.79 (Sd 1.57, 
range 1-10). The analysis of the comments rendered nine 
categories: Information and planning, disturbing the staff, 
deficiencies in care, continuity of staff, how one felt, staff 
competence and attitude, facilities, care experience overall, 
and feedback to staff. 

Conclusion: In line with earlier research, most parents 
are satisfied with the care provided. Nevertheless, lack of 
information about routines and illness as well as lack of 
accessibility affects the parents’ overall experience which is 
also evident in the free-text comments. These results are part 
of a mixed-method study and will, later on, be merged with 
results from interviews with parents collected during the same 
period of time. 

Non-Surgical Aspects of  
Craniofacial Surgery

Non-Syndromic Craniosynostosis Creation of 
the Scaphocephalic Index

Dr. Griffin Bins1, Dr. Deborah Cull1, Ryan Layton1,  
Blake Dunson1, Jose Neri1, Dr. Christopher Runyan1

1Wake Forest Baptist Health, Winston-salem, United States

Introduction: The cephalic index is based on measuring the 
largest magnitude of length and width in an individual, by 
identifying population trends and measuring length and width 
at specific locations, the measure becomes more effective 
at both diagnosing and describing pathology. Further, the 
CI allows for only global description of severity, without 
identification of specific regional severity. By utilizing a system 
of regional indices, one is able to more accurately describe 
the global abnormality of sagittal craniosynostosis while still 
evaluating regional morphology. 

Methods: Using the FBI, OBI, and VNI, a measure of W/L 
analogous to the cephalic index can be created. These 
measures were combined to create a global score which 
was compared between the two populations. Area under 
the curve (AUC) analyses were performed to identify trends 
in regional morphology and create measures capturing 
population differences.

Results: The measures can be simply combined to form a DCI 
with an AUC of 0.9997 with a sensitivity and specificity of 99.4% 
and 99.5%. The population means were 63(±5) and 88(±5) for 
the SC and control populations respectively. 

Conclusion: This system of measurements creates a tool 
that can be used without the need for radiation that has the 
ability to diagnose with accuracy near that of a CT scan. It 
is fully automated and can be applied to a surface mesh 
that has been landmarked and oriented using the selion and 
bilateral tragion. This tool allows surgeons to appreciate an 
individual’s regional severity and global severity to better 
plan preoperatively and track individual patient progress 
postoperatively without the need for radiation. 
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Public Perceptions of Normal and Ideal 
Head Shape – A Crowd Sourced Survey 
Analysis 

Dr. Griffin Bins1, Dr. Megan Newsom2, Dr. Jungwon Park1,  
r. Kshipra Hemal3, Dr. Christopher Runyan1

1Wake Forest Baptist Health, Winston-salem, United States, 
2Virginia Commonwealth University Department of Plastic 
Surgery, Richmond, United States, 3New York University 
Department of Plastic Surgery, New York, United States

Background: Cephalic index is an objective measure 
of head shape used by craniofacial surgeons to support 
a diagnosis of head shape abnormality. However, the 
consensus on what values correspond to a normal head 
shape are changing following the Back to Sleep campaign. 
Recent data has shown a change in head shape with a 
new mean CI of 84.1 This is much higher than historic data 
which describes a mean of 74.2 Following this shift, no 
study has been undertaken to view the lay population’s 
perception of normal head shape. 

Methods: 1020 subjects, 18 or older, were recruited through 
Amazon Turk crowdsourcing platform. Subjects were asked 
to select the head shapes they considered most normal in 
a series of questions identifying ideal head shape in children 
6 months or younger. Demographic information was 
recorded for study participants to identify differing ethnic 
perceptions of head shape.

Results: The mean cephalic index preferred by a 
crowdsourced population was 81.84 (SD 2.48). There was 
a difference in mean preferred CI between people who 
identified as black (CI = 82.875) and people who identified 
as white (CI = 81.500; p = 0.00062). There was no difference 
in mean preferred CI between males and females. 
Education level, age healthcare occupation status, 
medical literacy, and work involving children did not affect 
preference. 

Conclusions: The typical head shape has changed 
following the Back to Sleep campaign and the current 
general public’s perception of ideal head shape aligns with 
the newly described CI norm of 79-89 as opposed to the 
historic population data suggesting a normal CI between 
69-79. Criteria for intervention and outcome goals should be 
adjusted accordingly.

Measurement of the Width Abnormality 
in Sagittal Craniosynostosis: The Vertex 
Narrowing Index

Dr. Griffin Bins1, Dr. Deborah Cull1, Ryan Layton1,  
Larry Zhou1, Dr. Christopher Runyan1

1Wake Forest Baptist Health, Winston-salem, United States

Introduction: Premature fusion is termed sagittal 
craniosynostosis (SC) and is described by a classic 
dysmorphology, scaphocephaly. Scaphocephaly results 
as lateral bi-parietal expansion is inhibited and anterior 
and posterior compensatory elongation occurs. Specific 
regional quantification has previously been undertaken in 
the development of the FBI and OBI which together describe 
the compensatory length irregularities. The VNI allows for the 
measurement of the primary restriction of lateral width as an 
isolated measure. 

Methods: Surface imaging from CT scans or 3D photographs 
of 360 individuals with sagittal craniosynostosis and 221 
normocephalic individuals were compared to identify 
differences in frontal morphology. Cartesian grids were 
created on each individual’s surface mesh using equidistant 
sagittal and coronal planes. Area under the curve (AUC) 
analyses were performed to identify trends in regional 
morphology and create measures capturing population 
differences.

Results: Control crania were observed to round while those 
with SC consistently slope inward, with a more triangular 
appearance. Population differences increased as more 
superior regions were evaluated, with difference peaking 
just posterior to the AP midline at a height 70% of the way 
between the tragion and vertex. The AUC using width at 
this point was is 0.97 with a sensitivity and specificity of 93% 
and 92%. Severity is independent of age (<5 years), sex, and 
imaging modality.

Conclusion: The VNI allows surgeons to measure and 
track the primary pathology of SC. Allowing for the 
isolated measurement of the width abnormality of sagittal 
craniosynostosis, vertex narrowing. 
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Utility of The Vertex-Nasion-Opisthocranion 
Angle as a Screening Tool for Diagnosing 
Sagittal Craniosynostosis

Dr. Daniel Cho1, Ms. Jessica Blum1, Mr. Dillan Villavisanis1, 
Dr. Jordan Swanson1, Dr. Scott Bartlett1, Dr. Jesse Taylor1

1Children’s Hospital of Philadelphia, Philadelphia, United States

Background: This study assesses the diagnostic accuracy 
of a novel photogrammetric measurement using the vertex-
nasion-opisthocranion (VNO) angle to identify sagittal 
craniosynostosis.

Methods: Patients with radiographically confirmed sagittal 
craniosynostosis (SS, n =177), patients with suspected sagittal 
synostosis based on clinical examination but patent sutures 
on CT imaging (SNS, n=30), and control patients (n=100) at 
the Children’s Hospital of Philadelphia were included in this 
study. A novel measurement reflecting the anterior-posterior 
location of the vertex was measured by an angle drawn 
between the cranial vertex, nasion, and opisthocranion 
(VNO) in profile view with the head in a neutral position on all 
clinical photographs (n=172) and 3D head CT reconstructions 
(n=307). Cranial index was measured based on axial CT 
images; photographs were reviewed to determine the 
presence of frontal bossing (FB) and occipital bulleting (OCB). 
To determine the best combination of clinical findings to 
diagnose sagittal synostosis, receiver operating characteristic 
analysis (ROC) was conducted for the various permutations of 
VNO, FB, OCB, and CI.

Results: The average VNO angle measured on clinical photos 
was 54.7°±3.8° for the SS group and 41.1°± 3.7° for controls 
(p<.001) while the average CI was 70.4±8.2 and 77.4±6.2 
respectively. ROC analysis yielded a cutoff of 50° to diagnose 
SS versus controls. AUC for the permutations of VNO angle, 
FB, OCB, and CI demonstrated that the greatest diagnostic 
accuracy was from VNO angle alone. The overall sensitivity 
and specificity of the VNO angle in diagnosing sagittal 
craniosynostosis was 96.6% and 99.2% respectively. 

When evaluating these parameters for patients with 
presumed sagittal synostosis based on physical exam but 
patient sutures on CT imaging, the average CI was 71.9±4.4 
while the VNO angle was 43.1°± 2.2°, demonstrating sufficient 
diagnostic sensitivity to distinguish between true synostosis 
and false positives based on photogrammetric analysis alone.

Conclusions: Measurement of the VNO angle is a reliable 
photogrammetric screening tool to diagnose sagittal 
craniosynostosis with high sensitivity and specificity. This 
method relies on the anterior displacement of the cranial 
vertex to approach the diagnostic accuracy of CT imaging.

 

Non-Surgical Aspects of  
Craniofacial Surgery

Clinical Interest of Molecular Study in Cases 
of Isolated Midline Craniostenosis 

Pr Federico Di Rocco1,4, Dr Massimiliano Rossi2,5,  
Dr Alexandru Szathmari1,4, Dr Isabelle Verlut1,4,  
Sofia Guernouche1,4, Pr Corinne Collet3

1Craniosynostosis National Reference Center of Lyon University 
Hospital , Lyon, France, 2Competence centre for constitutional 
bone diseases of Lyon University Hospital, Lyon, France, 3Genetics 
department of Robert Debré hospital-Paris University hospital, 
Paris, France, 4Pediatric Neurosurgery Department, Hôpital Femme 
Mère Enfant, Hospices Civils de Lyon, University of Lyon, Lyon, 
France, 5Genetics Department, Hôpital Femme Mère Enfant, 
Hospices Civils de Lyon, University of Lyon, Lyon, France

Background: An underlying mutation can be found in some 
cases in infants with an apparently isolated single suture 
synostosis. Our objective was to determine the molecular 
substratum in isolated sagittal and metopic craniosynostosis.

Method: Our cohort included all infants who presented 
an isolated midline synostosis (sagittal or metopic) who 
have been operated on at the craniosynostosis national 
reference center of Lyon University Hospital from 2018 to 
2020. All patients presented a clinically and radiologically 
confirmed premature fusion of the sagittal or the metopic 
suture. Children with a teratogenic exposure were excluded 
as well as patients with clinical and radiological signs of 
syndromic craniosynostosis. All patients were examined by 
a multidisciplinary team including neurosurgeons, clinical 
geneticists and neuropsychologist.

Results: Among 101 children tested, a total of 13 variants 
were found in 13 patients, in other words, 12.8% of the patients 
displayed a variant in genes known in craniosynostosis. We 
found 6 patients with a SMAD6 variants (4.6%), 2 in FGFR2 (1.5 
%), 2 in TWIST1 (1.5%), one in FREM1 (0.8%), one in ALX4 (0.8%) 
and one combination of variants in TCF12 and ALX4 (0.8%). 
All variants were detected at heterozygous level in genes 
associated with an autosomal dominant craniosynostosis. No 
homozygous or compound heterozygous genotypes were 
identified. 

Discussion: We found herein a high percentage of affected 
young children who carry SMAD6 variants especially 
in isolated trigonocephaly. Moreover, variants in other 
genes were also represented in midline craniosynostosis. 
The interpretation of their pathogenicity has to take into 
account the incomplete penetrance, usually observed in 
craniosynostosis. 

Our results highlight the interest to realize molecular 
analysis in the context of isolated sagittal and/or 
metopic craniosynostosis to enhance understanding the 
physiopathology of midline craniosynostosis.
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A Consensus-Based Photo Score for 
Scaphocephaly: An ERN CRANIO Study

Linda Gaillard1, on behalf of the ERN CRANIO 
Craniosynostosis Working Group
1Erasmus MC – Sophia Children’s hospital, University Medical 
Center Rotterdam, Rotterdam, The Netherlands

Background: European Reference Networks (ERNs) are 
networks of healthcare providers across Europe, specialized 
in the care of rare and complex diseases. ERN CRANIO is 
focused on rare craniofacial anomalies and ear, nose and 
throat disorders and has disease-specific working groups. 
Within the craniosynostosis working group we aimed to 
develop consensus-based suture-specific photo scores 
to grade the phenotypic presentation. This study aimed 
to investigate the development and performance of a 
photo score for scaphocephaly within a large group of 
experienced Plastic surgeons and Neurosurgeons. 

Method: We included pre- and postoperative photosets 
of patients with scaphocephaly from 5 different centers 
in different countries. Each photoset included bird’s eye, 
lateral and anterior-posterior views. The scaphocephaly 
photo score was discussed extensively in the working group 
and consensus on its’ contents was obtained through 
discussion. Agreement among raters was assessed with 
Fleiss’ Kappa and Intraclass Correlation Coefficients (ICC). 

Results: The photo score for scaphocephaly consisted 
of: Frontal bossing, length of the skull, narrowness of the 
skull, temporal hollowing, vertex line depression, occipital 
bullet and overall phenotype. Each item was scored as 
normal, mild, moderate or severe. Preliminary results from 
36 scaphocephaly patients scored by 21 raters show low 
Kappa values, ranging from 0.1 (temporal hollowing) to 0.4 
(frontal bossing, occipital bullet, overall phenotype). ICC 
ranged from 0.3 (temporal hollowing) to 0.7 (frontal bossing, 
occipital bullet, length, overall phenotype). 

Conclusion: Although consensus was obtained on items 
that should be included in the scaphocephaly photo score 
and the fact that each participant received the same 
instructions, the kappa values and ICC indicate only poor to 
moderate agreement among raters for the scaphocephaly 
photo score. Interpretation of each item appears to differ 
strongly among surgeons from different European countries. 
This is in contrast to previous single-center studies which 
suggest a good agreement among raters, and highlights 
the need for objective measures to assess severity of 
craniosynostosis phenotypes. 

A Consensus-Based Photo Score for 
Trigonocephaly: An ERN CRANIO Study

Linda Gaillard1, on behalf of the ERN CRANIO 
Craniosynostosis Working Group
1Erasmus MC – Sophia Children’s hospital, University Medical 
Center Rotterdam, Rotterdam, The Netherlands

Background: We aimed to develop suture-specific photo 
scores for single suture craniosynostosis to grade phenotypic 
severity within the craniosynostosis workgroup of European 
Reference Network ERN CRANIO. This study aimed to 
investigate the development and performance of a photo 
score for trigonocephaly within an experienced group of 
Plastic surgeons and Neurosurgeons. 

Method: We included pre- and postoperative photosets 
of patients with trigonocephaly from 5 different centers 
in different countries. Each photoset included bird’s eye, 
lateral and anterior-posterior views. The photo score for 
trigonocephaly was obtained through discussion within the 
ERN CRANIO craniosynostosis working group. Before scoring, 
all participants received the same instructions. We calculated 
Fleiss’ Kappa and Intraclass Correlation Coefficients (ICC) to 
assess agreement among raters. 

Results: The photo score for trigonocephaly consists of 
severity of wedging of the forehead, hypotelorism, temporal 
hollowing, biparietal widening and overall severity. Each 
item was scored as normal, mild, moderate or severe. Photos 
from trigonocephaly patients are currently being scored by 
additional raters. Preliminary results from 44 subjects by the 
first 10 raters show varying kappa values and ICC. We found 
poor agreement for temporal hollowing, biparietal widening, 
and hypotelorism which all had a Fleiss’ kappa of 0.2 and ICC 
0.5. The best agreement was obtained for the wedging of the 
forehead and overall severity assessment with a Fleiss Kappa 
of 0.4 and ICC of 0.7, indicating moderate agreement. 

Conclusion: We obtained consensus on items that should be 
included in the suture-specific trigonocephaly photo score. 
However, our initial results show that agreement varies strongly 
depending on the item, with the best agreement obtained for 
overall phenotype assessment and wedging of the forehead, 
and poorest agreement for temporal hollowing, biparietal 
widening, and hypotelorism. These findings are similar to our 
preliminary findings from a photo score for scaphocephaly. 
The poor agreement among surgeons from different European 
countries likely reflects that surgeons focus on different 
aspects of the phenotypic presentation during treatment and 
underline the need for objective measures of phenotypic 
presentation of craniosynostosis. 
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Racial Disparities in Early Evaluation 
and Management of Patients with Non-
Syndromic Craniosynostosis 

Ms Annie Glenney1, Mr. Justin Beiriger1, Dr. Casey 
Tompkins-Rhoades1, Dr. Erin Anstadt1, Mr. Joseph 
Mocharnuk1, Dr. Madeleine Bruce1, Dr. Abraham Williams1,  
Dr. Miles Pfaff1, Dr. Jesse Goldstein1

1University Of Pittsburgh School Of Medicine, Pittsburgh,  
United States

Introduction: Craniosynostosis is a congenital skull deformity 
that results from the premature fusion of the bony plates of an 
infant’s skull. Untreated, this condition can lead to increased 
intracranial pressure, cognitive impairment, vision problems, 
and abnormal speech and hearing. These sequelae can be 
minimized or avoided with early recognition of symptoms and 
referral for intervention. The role of primary care providers 
is early recognition and referral to a plastic surgeon. The 
purpose of this analysis is to understand the disparities in 
diagnosis and management between Black, Indigenous, and 
People of Color (BIPOC) patients and white patients. 

Methods: A retrospective chart review of patients with 
suspected craniosynostosis who were evaluated between 
2012 and 2017 within the Division of Pediatric Plastic Surgery 
at the University of Pittsburgh Pediatric Cleft-Craniofacial 
Center was completed. Demographic, radiologic, and 
surgical intervention data were recorded. Outcomes assessed 
included age at CT imaging and age at definitive treatment. 
Rates of CT imaging and surgery were compared between 
the two groups. Descriptive and comparative statistics 
were performed to analyze differences observed between 
management of BIPOC patients and white patients. 

Results: A total of 823 patients were evaluated by a plastic 
surgeon. Patients with syndromic diagnosis and those who 
underwent prior surgery were excluded (n=118). A total of 
705 patients met inclusion criteria. 83% identified as white 
(n=585), 15% black (n=109), 1.3% Hispanic (n=9) and 0.3% 
(n=2) Indigenous American. 89.1% of white patients (n=521) 
underwent CT scan compared to 75.8% of BIPOC patients 
(n=91) (p<0.001). 54.5% of white patients (n=319) underwent 
surgery compared to 25.0% of BIPOC patients (n=30) 
(p<0.001). Among patients who underwent CT scan, 58.7% of 
white patients (n=306) underwent surgery compared to 33.0% 
of BIPOC patients (n=30) (p<0.001). 

Conclusion: BIPOC patients experience delays in 
diagnostic imaging and lower rates of surgery for suspected 
craniosynostosis compared to white patients. Further studies 
are necessary to analyze the differences in severity of 
symptoms, comorbidities and functional outcomes between 
BIPOC and white patients to understand why this population 
experiences comparatively delayed diagnosis and less 
surgical treatment as well as the impact of these differences 
on development and long-term outcomes. 

Blood Transfusion and Donor Exposure in 
Surgical Management of Trigonocephaly 
Patients – The Alder Hey Experience

Ms Anusha Hennedige1, Mr Benjamin Rapaport1,  
Mr Christian Duncan1, Mr David Richardson1,  
Mr Christopher Parks1, Mr Ajay Sinha1

1Alder Hey Children’s Hospital, Liverpool, United Kingdom

Trigonocephaly is a craniofacial malformation caused by 
premature fusion of the metopic suture. Surgical correction 
frequently results in the need for blood transfusion. Transfusion 
complications include transfusion-transmitted infections (TTIs), 
immune-mediated reactions and volume overload. Donor 
exposure (DE) describes the number of blood products from 
unique donors with increasing DE equating to an increase risk 
of TTI. 

We evaluate data on 204 trigonocephaly patients covering 
20 years of practice with respect to blood transfusions and DE. 
This represents the largest series from a single unit to date.

A protocol based on our experiences has been devised that 
summarises the key interventions we recommend to minimise 
blood transfusions and DE in craniofacial surgery.

Patients operated on between 2000 to 2020 were included. 
DE, and a range of values were calculated including 
estimated red cell loss (ERCL) and estimated red cell volume 
transfused (ERCVT). Groups were established by relevant 
interventions and compared using the Mann-Whitney U test.

Mean DE fell from 1.46 at baseline to 0.85 (p < 0.05). Median 
allogenic transfusion volume fell from 350 ml at baseline to 250 
ml (p < 0.05). Median ERCL fell from 15.05 ml/kg at baseline to 
12.39 ml/kg and median ERCVT fell from 20.85 ml/kg to 15.98 
ml/kg. Changes in ERCL and ERCVT did not reach statistical 
significance.

DE can be minimised with the introduction of key interventions 
such as a restrictive transfusion policy, preoperative iron, 
cell saver, tranexamic acid and use of a matchstick burr for 
osteotomies. 

We propose that paediatric major vault surgery should be 
performed in high volume paediatric craniofacial units who 
have the surgical and anaesthetic resources to manage this 
cohort of patients and minimise surgical risks.

Non-Surgical Aspects of  
Craniofacial Surgery
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Service Improvement Project on The 
Decision-Making Process Regarding 
Surgery at The Oxford Craniofacial Unit

Dr Samuel White2 , Miss Corah Lewis1

1Oxford Health NHS Foundation Trust, Oxford, United Kingdom, 
2Oxford University Hospitals NHS Foundation Trust, Oxford, 
United Kingdom

Background: Corrective surgery is an important part of 
treatment for non-syndromic craniosynostosis and is offered 
to children with Craniosynostosis at the Oxford Craniofacial 
Unit. The decision whether to proceed with surgery lies with 
the child’s parents or guardians. 

The integrated theories ‘Theory of Reasoned Action’ 
and ‘Theory of Planned Behaviour’ are commonly used 
to explain decision-making processes. The combined 
theories explore how an individual’s attitude, beliefs around 
societal norms and perceived control over carrying out 
the behaviour influence the decision to engage in that 
behaviour. It recognises several external variables that can 
influence each of the three aforementioned domains. 

There is limited research into this decision-making process 
in craniosynostosis. This Service Improvement Project 
examines the current decision-making process at the 
Oxford Craniofacial Unit, guided by the Theories of 
Reasoned Action and Planned Behaviour. The project 
explores how parents reach a decision about surgery and 
what information is important to families. It asks about what 
is currently being done well at the Oxford Craniofacial Unit, 
as well as what could be improved. The results will be used 
to ensure that parents have all the information they need to 
make an informed decision about their child’s surgery. 

Aims:

• To explore the decision-making process of parents 
of infants with non-syndromic craniosynostosis at the 
Oxford Craniofacial Unit. 

• To investigate shared decision-making.

• To explore what may help parents in this process.

Methods: Qualitative surveys will be undertaken with 20 – 
30 parents of children with non-syndromic craniosynostosis 
and the Oxford Craniofacial MDT. Parents will be recruited 
at their 3-month post-surgery follow up appointment. The 
surveys ask about timings of decisions, what information 
parents base their decision on as well as asking about 
how parents feel making this decision. Both parent and 
MDT surveys were developed with input from experts by 
experience and were based on the Theories of Planned 
Behaviour and Reasoned Action. Each set of data will be 
analysed separately, using Thematic Analysis. 

Results: This project is currently at data collection phase. 
Data will be analysed during the summer and results will be 
ready to be presented by the conference. 

Health-related Quality of Life of Children 
Treated for Non-syndromic Craniosynostosis

Dr Marizela Kljajic1, Dr Giovanni Maltese1, Dr Peter Tarnow1, 
Dr Peter Sand2, Prof. Lars Kölby1

1Department of Plastic Surgery, Institute of Clinical Sciences, 
Sahlgrenska Academy, Gothenburg University, Sahlgrenska 
University Hospital, Gothenburg, Sweden, 2Department of 
Psychiatry and Neurochemistry, Institute of Neuroscience and 
Physiology, Sahlgrenska Academy, Gothenburg University, 
Sahlgrenska University Hospital, Gothenburg, Sweden

Background: Health-related quality of life (HRQoL) allows 
acquisition of the subjective perspective of patients regarding 
their health and function; yet a very few studies have been 
evaluated HRQoL of patients treated for craniosynostosis (CS). 

Methods: School-aged children (7–16 years) treated for 
non-syndromic CS were assessed using the Pediatric Quality 
of Life Inventory (PedsQL) 4.0 Generic Core Scales via both 
self- and proxy reports and compared to a normative sample. 
Cognitive functioning was controlled by assessed intelligence 
quotient and adaptive behavior skills.

Results: Seventy-three patients and their parents responded 
to the PedsQL (response rate: 80.2%). Patients generally 
estimated average HRQoL with no difference compared 
to the normal population sample. Further, no difference in 
HRQoL was found between treated sagittal (SS) or metopic 
synostosis. In the SS group, surgical methods involving spring-
assisted surgery and pi-plasty were unrelated to HRQoL 
outcomes. Additionally, HRQoL was highly correlated with 
intelligence quotient (IQ) and adaptive behavior skills (ABAS). 
Furthermore, we observed differences in estimated HRQoL 
between self- and proxy reports (i.e., parents estimated child 
HRQoL as higher than did the children). 

Conclusions: Children treated for CS have a generally 
average HRQoL, and neither CS type nor surgical method 
influenced HRQoL outcomes. Moreover, children and parents 
estimated HRQoL differently, suggesting the importance 
of using both self- and proxy reporting in patient-reported 
measures. We found that HRQoL was strongly related to IQ 
and ABAS, indicating that the PedsQL can be used as a 
screening instrument to identify craniofacial patients in need 
of further psychological assessment. 
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The Use of a Single-Piece Bone Flap 
for Cranial Reshaping in Anterior 
Craniosynostosis Patients: Clinical 
Experience and a Description of a Novel 
Technique

Dr. Hatan Mortada1, Dr. Ikhlas Altuawijri2,  
Dr. Taghreed Alhumsi1

1Plastic Surgery Division, Surgery Department, King Saud University 
Medical City (KSUMC), King Saud University, Riyadh, Saudi Arabia, 
Riyadh 12253 3205, Saudi Arabia, 2Neurosurgery Division, Surgery 
Department, King Saud University Medical City (KSUMC), King 
Saud University, Riyadh, Saudi Arabia., Riyadh 12253, Saudi Arabia

Background: Craniosynostosis is known as premature closure 
of one or more of the cranial sutures. Anterior craniosynostosis 
involves anterior plagiocephaly and trigonocephaly. One 
of the issues in anterior craniosynostosis skull reshaping is 
maintaining an aesthetically pleasing forehead curve. 
Therefore, in this article, we demonstrate our novel technique 
of using a single-piece bone flap for cranial reshaping 
of the anterior mold in patients diagnosed with anterior 
craniosynostosis. 

Methods: A retrospective record review of patients who 
underwent single piece bone flap cranial reshaping for 
correction of unicoronal synostosis (UCS) and metopic 
synostosis (MS) at King Saud University Medical City in Riyadh, 
Saudi Arabia, between 2018 and 2020, was conducted. We 
excluded syndromic patients and those with hydrocephalus 
or with intracranial abnormalities. Patient demographics, 
including age, sex, and weight, were extracted from 
the medical records. In addition, length of hospital stay, 
pediatric intensive care unit (PICU) stay time, total operative 
time, anesthetic duration, intraoperative blood transfusion, 
estimated blood loss volume (ml), and surgical complications 
(e.g., infection, bleeding, wound healing issues, seizures, need 
for exploration) were reviewed.

Results: Six non-syndromic consecutive patients were 
included. Three of the patients had MS. The mean age at 
surgery was 11.16 months (range, 6–19 months). Mean hospital 
stay was 8.16 days (range, 6–11 days), and all patients 
stayed 1 day in PICU after surgery. The average OR time was 
315 min (range, 263–368 min). The average intraoperative 
blood loss was 225 ml (range, 100–400 ml). Only one patient 
developed a small dural tear intraoperatively. In our series, 
no complications such as intracranial hemorrhage, infection, 
wound dehiscence, or mortality were encountered. All 
patients had achieved acceptable functional and aesthetic 
results.

Conclusion: The use of a single-piece bone flap for 
cranial reshaping of patients diagnosed with anterior 
craniosynostosis is an innovative, simple, safe, effective, and 
efficient reconstructive technique to address MS and UCS 
simultaneously. It can minimize intraoperative bleeding and 
time of surgery. The technique addresses all aspects of the 
deformity and gives superior aesthetic outcomes. However, 
more studies with more cases are required 

Ophthalmological Findings in Children 
Operated for Non-syndromic Unilateral 
Coronal Craniosynostosis - A Preliminary 
Report

Evangelia Ntoula1, Daniel Nowinski2, Gerd Holmström1,  
Eva Larsson1

1Department of Ophthalmology Uppsala University, Uppsala, 
Sweden, 2Department of Plastic Surgery Uppsala University, 
Uppsala, Sweden

Background: The aim was to report the ophthalmological 
findings and evaluate the outcomes of craniofacial surgery 
in children operated for unilateral coronal craniosynostosis 
(UCS).

Method: Children operated with fronto-orbital advancement 
at the Department of Plastic surgery, Uppsala University 
Hospital at a mean age of 12.6 months were assessed 
ophthalmologically at 3 years of age. Patients with 
craniosynostosis syndromes were excluded. Visual acuity 
was measured with logMar optotypes (LEA). Strabismus and 
eye motility were noted. The refraction was measured in 
cycloplegia and fundoscopy was performed. 

Results: Twenty-two children were included, 16 (72.7%) 
with right and 6 (27.3%) with left UCS. The mean age at 
examination was 3.6 years. Visual acuity (VA) was considered 
subnormal (VA≥ 0.3LogMar) on either eye in 7/20 children 
(35%), related to strabismus or anisometropia. The mean 
refraction, spherical equivalent was +2.2 Diopters (D) in 
their right eyes (RE) and +2.2 D in their left eyes. Spherical 
anisometropia ≥ 1D was found in 7/21 (33.3%), and astigmatic 
anisometropia ≥ 1D in 6/21 children (28.6%). In the majority 
of cases (5/6), higher astigmatism was detected in the 
contralateral eye in regard to the side of craniosynostosis. 
Strabismus was found in 14/22 children (63.6%), of which 
eight were new cases of strabismus postoperatively. The most 
common type was exotropia with vertical component. Ten 
children (71.4%) had the deviation in the contralateral side. 
No child had disc oedema or a pale disc. 

Conclusion: Children operated for UCS with fronto-
orbital technique had high prevalence of strabismus and 
anisometropia postoperatively. This can be attributed to the 
orbital dysmorphology seen in UCS, as well as possible ocular 
muscle imbalance caused by orbital remodelling in order to 
address the skull deformity. Further studies of orbital form and 
volume correlating to the ophthalmological manifestations 
are needed.

Non-Surgical Aspects of  
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Views on The Pathogenesis of Raised 
Intracranial Pressure in Non-syndromic 
Sagittal Craniosynostosis

Mr David Christopher Schramm1, Mr Jayaratnam Jaya 
Mohan1, Mr David Johnson1

1Oxford Craniofacial Unit, Oxford University Hospitals NHS Trust, 
Oxford, United Kingdom

Background: Non-syndromic sagittal craniosynostosis 
(nSC) is the most common form of craniosynostosis, and 
many children with nSC develop scaphocephaly. Surgery is 
undertaken to improve head shape but may also prevent 
or treat raised intracranial pressure (rICP), which occurs in 
10% to 15% of nSC patients. rICP can cause headaches, 
irritability, and potentially cognitive impairment. The 
Monro-Kellie hypothesis postulates four methods that rICP 
can occur: reduced intracranial volume (ICV) increased 
cerebrospinal fluid, increased brain volume, or increased 
cerebral blood volume. While the theories underpinning 
the pathogenesis of rICP in syndromic craniosynostoses 
are reasonably well defined, those explaining rICP in nSC 
are less defined. This review aims to present and evaluate 
existing theories on the pathogenesis of rICP in nSC.

Methods: A MEDLINE and SCOPUS database was 
searched for articles containing either “intracranial 
pressure” or “intracranial hypertension” and either “sagittal 
craniosynostosis” or “scaphocephaly. Articles were selected 
that described patients with rICP in nSC or contained 
opinions about the pathogenesis of rICP in nSC. 120 articles 
were identified and 25 articles were included.

Results: Preoperative rICP in nSC may be due to reduced 
ICV since rICP consistently resolves after surgery. rICP is 
correlated between the age at which a child is treated 
for nSC, lending evidence to the theory of reduced 
ICV. Venous hypertension may be involved when nSC 
presents alongside other diseases. However, no definitive 
evidence links either to rICP. Postoperative rICP is likely 
due to reduced ICV, but this is largely conjectural and 
does not explain the absence of an association between 
secondary craniostenosis—which reduces ICV—and rICP. 
Most of the studies were case series or case reports, making 
these conclusions speculative. There is wide variability in 
nSC’s treatment indications and the type of procedures 
used to address it, creating heterogeneity that hinders the 
transferability of conclusions. 

Conclusions: Reduced ICV and venous hypertension 
are the most compelling links to preoperative rICP. 
Postoperative rICP is also likely due to reduced ICV, 
though other forms of pathogenesis are not well studied. 
Prospective controlled studies across multiple centres would 
improve the quality of evidence linking rICP to the theories 
underpinning its pathogenesis.

A Systematic Review of The Literature on 
Cognitive Development in Children with 
Non-Syndromic Craniosynostosis

Karl Olsson1, Mia Ramklint, Daniel Nowinski1,  
Åsa Munkhammar1, Jonas Engman1, Matilda Frick1

1Akademiska Sjukhuset, Region Uppsala, Uppsala, Sweden

Background: There is conflicting evidence as to whether 
non-syndromic craniosynostosis (NSC) is linked to adverse 
cognitive development. This study represents the first attempt 
to obtain and systematically review all published studies using 
objective measures of cognition in NSC, to assess the level of 
evidence for a link between NSC and cognition.

Methods: A systematic literature search was conducted in 
accordance with the PRISMA statement and eligible studies 
were GRADE assessed for inclusion. Assignment of quality 
was performed using the NIMH guidelines for grading of 
correlational studies. 

Results: Forty-one studies published between 1995 and 
2021 met the inclusion criteria. Overall, there was substantial 
evidence for small but significant effects on both general 
and specific cognitive functions across development, with 
a more favorable outcome for sagittal NSC compared to 
other suture-specific subtypes of NSC. Methodologies varied 
substantially among the included studies and there was a 
lack of longitudinal studies using broad assessment batteries 
as a majority of the studies used a general Intelligence or 
development quotient (IQ/DQ) as the cognitive outcome 
measure. We found no studies reporting data on adults and 
only one cohort study (the Infant Learning Project, which 
provided data to several of the included articles) that 
employed formal reliability checks on the measures. Sample 
sizes were generally small, with some notable exceptions.

Conclusion: There is a need for more longitudinal studies 
using adequate sample sizes, appropriate control groups, 
reliability checks, broader assessment batteries testing global 
as well as specific neuropsychological functions and adult 
samples in the field. 
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Evaluating Etiological Risk Factors for 
Craniosynostosis; Parental Age, IVF, Plurality 
and Fetal Constraint

Madiha Söfteland1, Lars Ladfors, Peter Tarnow1,  
Giovanni Maltese1, Lars Kölby1

1Sahlgrenska University Hospital, Gothenburg, Sweden

Introduction: The etiology of isolated craniosynostosis (CS) 
is largely unknown. Several risk factors have been proposed, 
and foetal constraint is frequently proposed as an underlying 
mechanism, but the basis for this theory is unclear. 

Methods: All cases diagnosed with CS between 1995- 2016 
were extracted from the Gothenburg craniofacial registry. 
The corresponding maternal data were retrieved from 
the Swedish Birth Registry and paternal age from Statistics 
Sweden. All cases with a family history of CS were excluded. 
Uni- and multivariate analyses of risk factors were performed 
on the entire CS group (syndromic and non-syndromic), and 
further suture-specific analyses were carried out for sagittal 
and metopic synostosis. Fetal constraint-related factors 
studied were twins, breech, and nulliparity.

Results: The study population comprised 814 cases of CS 
and 2,228,126 controls. Paternal age was not a risk factor, 
while maternal age was an independent risk factor for CS 
in general (OR 1.02; [1.01-1.04], p<0.001) and for sagittal 
synostosis (OR 1.02; [1.00-1.04], p=0.026). ART was an 
independent risk factor only for metopic synostosis (OR 1.79; 
[1.08-2.98], p=0.025). Twins were more common in CS (3.7 %) 
than in controls (2.9 %) but was an independent risk factor 
only for metopic synostosis (OR 1.98; [1.11-3.53], p=0.02). 
Breech malpresentation was significantly higher in the overall 
CS group (4.9 %) than in controls (3.7 %) but was not an 
independent risk factor for sagittal or metopic synostosis. 
Nulliparity was evenly distributed between CS cases and 
controls (57 % both), thus not a risk factor. 

Conclusions: Maternal age was an independent risk factor 
for CS in general. Conception by IVF and being a twin were 
only independent risk factors for metopic synostosis. The 
finding that neither nulliparity nor breech were risk factors for 
CS excludes fetal constraint as an etiological factor in CS. 

Incidence of Non-syndromic and Syndromic 
Craniosynostosis in Sweden

Peter Tarnow1, Lars Kölby1, Giovanni Maltese1,  
Madiha Bhatti Söfteland1, Anders Lewén2, Pelle Nilsson2, 
Per Enblad2, Daniel Nowinski3

1Dept of Plastic Sugery, Sahlgrenska University Hospital, 
Gothenburg, Sweden, Gothenburg, Sweden, 2Department of 
Neurosciences, Neurosurgery, Uppsala University Hospital, 
Uppsala, Sweden, 3Department of Surgical Sciences, Plastic and 
Maxillofacial Surgery, Uppsala University Hospital, Uppsala, Sweden

Background: Premature craniosynostosis is a rare condition, 
with a wide range of incidence estimations in the literature. 
The aim of this study was to establish the current incidence 
among the Swedish population. 

Method: Since the surgical care for these children is 
centralized to the two centres of Sahlgrenska University 
Hospital and Uppsala University Hospital, the two craniofacial 
hospital registries were examined for surgically treated 
children, all having a CT verified diagnosis. 

Results: Results show an incidence of 7.7 cases per 10.000 live 
births, including 0.60/10.000 syndromic craniosynostosis. 

Conclusion: Due to information programs among health 
care staff and a system for early diagnosis through rapid 
communication, these results seem to mirror the true 
incidence of craniosynostosis in the Swedish population. 
The up-dated incidence data will facilitate healthcare 
planning and make future studies of possible changes in 
craniosynostosis incidence more accurate. 

Non-Surgical Aspects of  
Craniofacial Surgery
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The Rate of Caesarean Section is Increased 
in Births of Children with Sagittal Synostosis - 
a Population-Based Study

Pia Vuola1, Iina Elfving1, Annukka Ritvanen2, Mika Gissler2, 
Junnu Leikola1, Arja Heliövaara1

1Cleft And Craniofacial Centre, Helsinki University Hospital, 
Helsinki, Finland, 2Finnish Institute for Health and Welfare, , Finland

Background: The calvarial sutures allow molding of the 
head in the birth canal. Premature ossification of a suture, 
craniosynostosis, can complicate the delivery. The aim of 
this study is to evaluate perinatal features and the rate of 
cesarean section and assisted vaginal delivery in children with 
sagittal synostosis (SS).

Methods: Births (including stillbirths) with non-syndromic SS 
in 1987–2010 were collected from the nation-wide registers 
maintained by the Finnish Institute for Health and Welfare: 
the Register of Congenital Malformations, the Medical Birth 
Register, the Hospital Care Register (all hospital inpatient 
discharges and outpatient visits of public hospitals in Finland) 
and from the Cause of Death data, Statistics Finland. The 
SS diagnosis was confirmed from the individual medical 
records. Data for 568 patients with SS were extracted from 
the registers. The Medical Birth Register data of all cases were 
evaluated and compared with the official statistics of Finnish 
newborns (2010, 61 372 births).

Results: Perinatal mortality was zero: there were no stillbirths 
or deaths under the age of seven days. Infant mortality 
(deaths under the age of one year) was 2/568, both died 
in the postoperative period of skull surgery. The birth data 
of 539 patients whose diagnosis was confirmed in cranial 
surgery were more closely studied. 79.2% were boys, median 
birth weight was 3600g. 147 had a cesarean section (27.3%) 
which was significantly higher rate than in general population 
(16.3%, p<0.0001), including planned c-sections 10.4% (6.4%, 
p<0.0001), and urgent or emergency c-sections 16.9% (9.9% 
p<0.0001). 41 patients had an assisted vaginal delivery (7.6%) 
with vacuum extractor, forceps or a difficult breech delivery. 
Assisted vaginal delivery was not more common in the SS 
group compared to the general population (9.4%. p=0.155). 
Six children were resuscitated (5 c-sections, 1 vacuum 
extraction). In addition, 20 patients suffered from asphyxia (11 
c-sections, 6 vacuum extraction). 

Conclusion: The cesarean section rate was significantly 
higher in sagittal synostosis group compared to the general 
population and was associated with serious complications. 
Diagnostics of SS during pregnancy should be improved and 
the deliveries should be planned individually.

Health Related Quality of Life in Robin 
Sequence

Jacoba Kats1, ERN Cranio working group guideline 
Robin Sequence, Karolijn Dulfer
1Erasmus Mc, Department of Plastic Reconstructive surgery and 
Handsurgery, Rotterdam, Netherlands

Background: This study aimed to review physical and 
psychosocial health-related quality of life (HRQoL) of 
children with Robin Sequence (RS) and their parents. 

Method: A systematic search on Embase, Medline ALL 
Ovid, web of science and Cochrane was conducted. 
Studies published after the year 2000 and assessing HRQoL 
in children with RS or their parents were included.

Results: Six papers analyzing 295 patients were included. 
Studies examining the benefits of Mandibular Distraction 
Osteogenesis (MDO) indicated improvement of physical 
and psychosocial HRQoL.. Studies comparing MDO and 
Tongue-Lip adhesion (TLA) indicated improvement on 
physical scores. There were no differences between both 
treatments.

The most recent study was assessed self-reported oral-
specific, vocal-specific, and generic QoL. Compared with 
norm data, RS children had comparable oral-specific QoL. 
Their voice-related physical QoL was better than norm data 
from children with comparable pathologies.

Parents of children with RS reported more problems with 
sleep and physical functioning, compared to the normal 
population. There was no difference in psychosocial 
functioning compared to the normal population. More 
caregiver concerns in parents of children with RS compared 
to the normal population were reported. Parental distress 
was higher in the group who needed respiratory support.

Conclusion: Physical HRQoL in children with RS was worse 
compared to norm data, but oral-specific HRQol was 
comparable with norm data. 

Regarding the psychosocial HRQoL in RS was comparable 
or better compared to norm data. 

Parents of children with RS reported more stress and 
caregiver concerns than the norm.

Considerations: Parents should have a key role in the 
management of their child with RS.

Screen parents’ assessment of their child’s HRQoL using 
validated, multidimensional, generic as well as disease 
specific instruments.

Consider screening the impact of parenting a child with RS 
on parents’ own HRQoL 

Consider the use of patient-reported outcome measures 
(PROMS) to improve evaluation of all patients care in 
relation to their QoL.

Other
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Social Media and Website Use: The 
Experiences of Parents and Carers Accessing 
Care at The Oxford Craniofacial Unit.

Ms Sarah Kilcoyne1, Ms Sarah Overton1, Ms Sally 
Brockbank1, Dr Samuel White1, Dr Matthew Hotton1,  
Dr Rosanna Samuels1, Dr Jennifer Cropper1, Dr Benjamin 
McArdle1, Miss Rosanna Ching1, Mr Gregory Thomas,1  
Mr David Johnson1

1Oxford Craniofacial Unit, Headington, United Kingdom

Several studies have identified that parents of children with 
cleft lip and palate use social media to research more about 
their child’s diagnosis. We present the results of a study that 
investigated the use of social media and websites by parents 
of children with craniosynostosis. 

A cross-sectional survey-based design was employed. 
Participants were parents of children with craniosynostosis 
attending multidisciplinary craniofacial clinics within the 
Oxford Craniofacial Unit. A questionnaire assessing social 
media and website use in relation to craniosynostosis 
adapted from the questionnaire created by Khouri et 
al. (2016) and Huggons et al. (2019) was administered. 
The surveys were administered over an 18-month period 
(November 2020 – May 2022). 

Results: The final sample comprised 82 parents (70 mothers; 
10 fathers; 1 sister/carer and 1 parent). The children were 
aged 11 months – 16 years of age (average age 6 years 3 
months). Children had a variety of diagnoses: 31 sagittal, 
16 metopic, 8 syndromic craniosynostosis, 8 unicoronal, 6 
multisuture, 3 bicoronal, 1 unilambdoid,

Results showed that 93% (n=76/82) of parents used the 
internet to find out more about craniosynostosis, with 72% 
(n=59/82) of parents specifically using social media to find out 
more about craniosynostosis. The social media platforms used 
included: Facebook 64% (n=53/82), Instagram 24% (n=20/82), 
Blogs 12% (n=10/82), Twitter 4% (n= 4/82), Tik Tok 2% (n=2/82), 
and Snapchat 0.1% (n=1/82).

Parents found the parent support groups on Facebook to be 
the most helpful source of information about craniosynostosis 
(52%: n=43/82). Parents indicated that they started using 
social media to find out more about craniosynostosis when 
their child received a diagnosis (70%: n=58/82), before their 
child’s surgery (34%: n=28/82), and before their appointment 
(30%: n=25/30), and when child was older (17%:n=14/84). 
Forty percent (n=33/82) of parents said that a diagnosis of 
craniosynostosis made no difference to their social media use, 
whereas 34% (n=28/82) of parents used social media more, 
and 20% (n=16/82) used them less. 

Results highlight that parents use social media and other 
websites to access information relating to craniosynostosis. 
Future research should examine whether parent’s use of 
social media changes as their child grows. 

Respiratory Management in Relation with 
Growth in Infants with Robin Sequence;  
A Prospective Study

Pleun P.J.M. van der Plas1, Gwen G.M. van Heesch2, 
Maarten J. Koudstaal1, Bas Pullens3, Irene M.J. Mathijssen4, 
Eppo B. Wolvius1, Koen F.M. Joosten2

1Department of Oral and Maxillofacial Surgery, Sophia Children’s 
Hospital – Erasmus Medical Center, Rotterdam, Netherlands, 
2Department of Pediatric Intensive Care, Sophia Children’s Hospital 
– Erasmus Medical Center, Rotterdam, Netherlands, 3Department 
of Otorhinolaryngology, Sophia Children’s Hospital – Erasmus 
Medical Center, Rotterdam, Netherlands, 4Department of Plastic 
and Reconstructive Hand Surgery, Sophia Children’s Hospital – 
Erasmus Medical Center, Rotterdam, Netherlands

Background: The spectrum of upper airway obstruction 
(UAO) in Robin Sequence (RS) patients is broad: ranging from 
mild obstruction that only occurs during sleep to continuous 
obstruction, requiring immediate intervention. Feeding 
difficulties (FD) occur in around 80% of the patients, which 
is associated with an increased risk of limited intake and 
impaired growth. The aim of this study was to prospectively 
evaluate clinical outcomes following our non-surgical 
respiratory treatment protocol in the first year of life.

Method: A prospective study was conducted on children 
diagnosed with RS, treated in our center. Demographic 
data, polysomnographic findings, respiratory management, 
requirement of additional tube feeding (no-mild FD; 
moderate FD; severe FD), and growth outcomes (standard 
deviation score (SDS) weight for age (WFA)) were gathered 
and analyzed on the following time points: 1)start treatment; 
2)stop treatment; 3)age of 1 year. 

Results: A total of 36 patients were included, of whom 22 
presented with non-isolated RS. Twenty patients were treated 
with prone positioning (PP) alone, whilst 16 patients required 
respiratory support of whom one deceased during follow-up. 
Thirty patients experienced FD, which resolved in 21 during 
their first year of life. At time of start treatment, mean SDS WFA 
was -0,476 (±1,292 SD), and was significantly lower in infants 
who received respiratory support compared to those treated 
with PP alone (p=0.007). At time of stop treatment (mean age 
3,6 (±2,2 SD) months), mean SDS WFA was -0,770 (±1,362 SD), 
and was significantly lower in non-isolated RS compared to 
isolated RS infants (p=0.012). At the age of 1 year, mean SDS 
WFA was -1,118 (±1,065), which was significantly lower than 
at time of start treatment (p=0.005). No significant differences 
in SDS WFA were found between infants treated with PP or 
respiratory support and between isolated or non-isolated RS 
infants.

Conclusion: A high prevalence of FD and impaired WFA 
were found in non-surgically treated RS patients. Following 
treatment, at the age of 1 year, FD resolved in 2/3 of patients. 
Nonetheless, the decline in SDS WFA at 1 year follow-up 
warrants attention. Future studies should focus on long-term 
feeding and growth outcomes (>1 year) in these patients.

Other
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Biodegradable Iron-Manganese for 
Craniofacial Application 

Dr Alessandro Borghi1,2, Dr Sara Ajami1,2, Prof Silvia 
Schievano1,2, Mr Jacopo Fiocchi3, Dr Carlo Alberto Biffi3, 
Prof David Dunaway1,2, Mr Noor Ul Owase Jeelani1,2 
1University College London, London, United Kingdom, 2 

Great Ormond Street Hospital, London, United Kingdom,  
3CNR ICMATE, Lecco, Italy

Introduction: Craniosynostosis (CS) is a craniofacial disorder 
characterised by premature fusion of cranial sutures. To 
date, surgical correction remains the primary treatment 
for CS. Stainless steel (SS) spring distractors are used to 
perform minimally invasive cranioplasty, with the only 
drawback being the need for a second surgery to remove 
the distractor. To avoid the second surgery, SS can be 
replaced with biodegradable metal alloys. Iron-Manganese 
(FE-MN) has shown good biocompatibility when implanted 
in the cardiovascular system, but little is known about the 
biocompatibility with the neurological system. Therefore, in 
the present study we investigated if FE-MN could exert toxic 
effects on in vitro neuronal cell model.

Materials and Methods: Fe-20Mn wt.% and AISI316 SS discs 
of 1.5 mm thickness and 11.0 mm diameter were used in 
this study. Samples were sterilised using 70% ethanol and 
UV irradiation. Extracts of both materials were prepared 
according to ISO 10993-12: Discs were incubated in RPMI 
1640 media supplemented with 0.5% fetal bovine serum, 
and 1% horse serum at surface area /volume of 3 cm2/ml 
for 24hr under cell culture conditions (5% CO2, 37°C). 

PC12 cells from rat adrenal gland were cultured in 
collagen IV coated well plates, induced to differentiate 
into neuron-like cells for 6 days using nerve growth factor-Ⅲ, 
and subsequently treated with the extract media. Cell 
cytotoxicity (5000 cells/well ,96-well plate, n=6) and 
morphology (4000 cells/well ,12-well plate, n=3) were 
evaluated up to 3 and 7 days of exposure to extract media 
respectively. A Mann Whitney-U test was used to compare 
groups where p values < 0.05 were considered significant.

Results and Discussion: Cell cytotoxicity was significantly 
higher for Fe-20Mn at day 1 when compared to SS (p<0.05), 
however no significant differences were found at later time 
points (days 2 and 3). Neurite outgrowth is an important 
morphological indication of healthy cell functioning in 
PC12 cells. Results showed that the number of neurites and 
neurites length was not affected by Fe-Mn extract media in 
comparison to SS. 

In conclusion, our preliminary in vitro results revealed that 
Fe-20Mn is a biocompatible material and has the potential 
to be adopted in craniofacial applications.

Exploring Patient Experiences in the 
Organization of Care in Craniofacial 
Microsomia: A Qualitative Study

Elin Weissbach1, ERN CRANIO Working group on 
Craniofacial Microsomia
1Erasmus Mc, Rotterdam, Netherlands

Background: This study explores the experiences of 
parents of children with craniofacial microsomia (CFM) in 
The Netherlands and aims to understand helpful factors 
and eventual obstacles in the organization of care and 
information management.

Method: Participants were recruited through the Dutch 
craniofacial center and the national patient organization 
Laposa. Nine individual semi-structured interviews were 
conducted focusing on gaps in care provision with specific 
emphasis on problems in the diagnostic phase and referrals, 
information management and communication, continuity 
of care and psychological guidance. The interviews were 
transcribed, iteratively coded, and thematically analyzed. 

Results: Five themes were found in the data. The following 
subthemes were most evident to cause obstacles: (1) poor 
information exchange between care providers in different 
hospitals, (2) information deficit about CFM and unclear 
communication towards the parents, (3) delay in recognition 
of CFM and referrals, (4) lack of presenting a long-term care 
pathway, and (5) lack of psychologic support of parents and 
patients. 

Conclusions: Obstacles in both organization of care and 
information management were identified. Most evident were 
problems in the information exchange between different 
hospitals and a lack of information about CFM and care 
paths on long-term. Quick referrals to a specialist center, 
multidisciplinary teamwork, clear treatment paths and a 
contact person inside the multidisciplinary team were found 
crucial aspects. The findings in this study should be used to 
improve quality of care and guidance in patients with CFM 
in The Netherlands. Patients should be treated in expertise 
centers with a multidisciplinary team and a care coordinator 
to guarantee provision of clear information and guidance. 

Science/Innovation
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Design of an Instrumented Orthosis 
Prototype for Helmet Therapy

Dr Alessandro Borghi1,2, Miss Begona Garate 
Andikoetxea1, Mr Ahmed Elawadly2, Mr Greg James1,2,  
Mr Noor Ul Owase Jeelani1,2, Prof Silvia Schievano1,2,  
Prof David Dunaway1,2

1University College London, London, United Kingdom,  
2Great Ormond Street Hospital, London, United Kingdom

Surgical treatment of metopic craniosynostosis (MC) involves 
extensive skull reshaping. Minimally invasive endoscopy 
suturectomy in conjunction with helmet therapy (ESCH) 
has shown very promising aesthetic and functional results. 
Although a successful therapy, side effects and complications 
remain common in ESCH. A better understanding of the 
helmet-calvarium interaction will help address the individual 
needs of ESCH patients.

A 4 month MC patient was treated with ESCH. The patient 3D 
scans (Rodin4D®) obtained postoperatively (pre-treatment 
– PRE, age 4.8 months) and after three months of treatment 
(POST, age 8.3 months) were processed to create 3D models 
to simulate the effect of helmet remoulding. Solidworks® 
was used to produce 3D shape of the soft tissue surfaces, 
the skull shape was replicated by offsetting by a constant 
amount and osteotomy was replicated according to post-op 
notes. A moulding helmet model was created and imported 
along with soft tissue and skull models in ANSYS for numerical 
simulation. Helmet positioning was simulated for both PRE 
and POST models using linear elastic properties for both skull 
and suture and skin. The 3D model of the helmet and the PRE 
and POST head model were then 3D printed on a Stratasys 
Connect 360. A set of strain gauge rosettes were positioned 
on the helmet in the areas where maximum strain was 
predicted by the FE model. The helmet prototype was then 
positioned on the PRE model to simulate helmet insertion and 
on the POST model to simulate changes recorded at follow 
up. Mechanical strains were recorded and the maximum 
principal strain was derived.

Positioning of the instrumented helmet model on the PRE 
model showed a marked and measurable maximum 
principal strain in the area predicted by the FE model. Helmet 
positioning caused markedly different strain pattern for the 
PRE (strain range 55~ 1191 µstrain) and POST (strain range 
359~ 879 µstrain) models, with high strain areas highlighting 
the areas of most pronounced head reshaping. 

This work shows that the interaction between helmet and 
patient head can be monitored by means of instrumented 
helmet orthosis and that strain sensor locations can be 
optimized by means of numerical modelling.

Skull Bone Quality as A Biomarker for 
Craniofacial Surgical Success

Dr Alessandro Borghi1,2, Dr Sara Ajami1,2, Prof Silvia 
Schievano1,2, Mr Greg James1,2, Mr Juling Ong2,  
Prof David Dunaway1,2, Mr Noor Ul Owase Jeelani1,2 
1University College London, London, United Kingdom,  
2Great Ormond Street Hospital, London, United Kingdom

Numerous surgical techniques have been developed to treat 
craniosynostosis (CS). Although surgical intervention reduce 
risk of raised intracranial pressure and normalise the head 
shape, unpredictable outcomes and incomplete correction 
of deformities have been reported. This has been a severe 
limitation, especially in communication with patients and their 
families. 

Diagnosis of CS relies on physical and radiographic 
examination. Determining the material properties of the 
cranial bone in CS patients would provide an insight into bone 
response to surgical procedures. However, the assessment 
of skull bone quality (SBQ) based only on the radiographs 
remains elusive and high radiation doses limit the number of 
patients receiving this examination: a clinically translatable 
biomarker which is indicative of SBQ would improve surgical 
planning and ensure optimal skull reshaping. The aim of this 
study was to investigate if SBQ can be used as a biomarker to 
predict final head changes in craniofacial procedures. 

Following ethical approval, cranial bone samples were 
collected from 34 patients (age: 17 ± 34 months) surgically 
treated for CS at GOSH (London, UK). Specimens’ structures 
were characterised using micro-CT (Skyscan 1172) and bone 
material quality was examined using OsteoProbe (Active Life 
Scientific), a portable handheld microindenter, specifically 
designed for clinical practice. Osteoprobe quantifies bone’s 
resistance to indentation as bone material strength index 
(BMSi). Surgical outcome was assessed by changes in 
cephalic index (CI) pre and post operation. 

Bone structure was classified into one- or three-layered, the 
latter indicating the existence of a diploë cavity. Our results 
revealed CI was significantly higher in one-layered sample 
(3.4 ± 2.8%) compared to three-layered (0.5 ± 4.2 %, p=.04). 
Using OsteoProbe differences in the structure of the bone 
samples were identified: a significantly higher BMSi was 
determined when three-layered and one-layered samples 
(57.5 ± 12.5 vs 38.9 ± 6.2, p<0.01) were compared. In addition, 
lower BMSi values were associated with increase in CI (r=-0.4, 
p=.04). No correlations were found between patients age 
and CI. Our results revealed to achieve optimal surgical 
outcomes, SBQ should be considered prior to surgery.

This work was supported by the NIHR GOSH BRC (20DS45).

Science/Innovation
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Modelling the Effects of Helmet Therapy 
During Sagittal Craniosynostosis Correction

Mr Connor Cross1, Dr. Hans Delye2, Prof. Yiannis Ventikos1, 
Dr. Mehran Moazen1

1University College London, London, United Kingdom, 2Department 
of Neurosurgery, Radboudumc, Nijmegen, The Netherlands

Background: The clinical management of scaphocephaly 
highlights several methods for surgical correction, such as 
endoscopically assisted strip craniectomy followed by helmet 
therapy. Although this option results in a good aesthetic 
shape, the effects of the postoperative helmet are not 
well understood. Computational models are a promising 
tool to predict the calvarial growth and understand the 
biomechanics behind the corrective process. This study 
aimed to predict the effects various helmeting durations 
for the treatment of sagittal craniosynostosis could have on 
postoperative outcomes from a biomechanical perspective.

Materials and Methods: A single computed tomography 
image of a single preoperative sagittal craniosynostosis child 
skull at the age of 4 months was used for model development. 
The calvarial bones, sutures, and the complete intracranial 
volume (ICV) were segmented. The virtual operation was 
performed and the calvarial growth was simulated from the 
preoperative age of 4 months to the follow up age of 36 
months. The effects of the helmet were replicated here by 
placing constraints across the frontal, occipital and temporal 
bones. A 2 cm wide gap was permitted across the dorsal 
growth before being constrained. The helmet was applied 
across three postoperative durations (2 months, 5 months, 
and 8 months). A control scenario, in which no helmet was 
introduced, was also introduced. Impacts on the cephalic 
index and contact pressure across the ICV were compared.

Results: Results highlighted that the helmet had a positive 
impact on the predicted calvarial shape, with the prolonging 
of helmet placement estimating the best cephalic index 
outcome. A lack of a helmet was seen to negatively impact 
the skull shape, resulting in a lowering of the cephalic index. 
Although higher regional ICV pressure was seen the longer the 
helmet remained across the skull, by 36 months, all predictions 
represented similar pressure distributions across the ICV. 

Conclusions: We believe the present study provides a 
critical understanding of the mechanical aspects behind 
helmet therapy for the treatment of sagittal craniosynostosis. 
Although the models’ predictions lack validation, such results 
could aid surgeons in optimising the outcomes behind the use 
of this treatment option.

A Finite Element Modelling Platform to 
Predict Vertical Vector Posterior Vault 
Expansion Outcomes

Miss Lara Deliege1, Dr Gregory James2, Dr Juling Ong2,  
Dr Noor ul Owase Jeelani2, Dr David Dunaway2,  
Mr Dulanka Silva2, Dr Alessandro Borghi1

1University College Of London, London, United Kingdom,  
2Great Ormond Street Hospital, London, United Kingdom

Background: Vertical Vector Posterior Vault Expansion 
(VVPVE) is a surgical procedure adopted in Great Ormond 
Street Hospital (GOSH) for reshaping and enlarging the 
posterior cranial vault of patients affected by syndromic 
and non-syndromic craniosynostosis (SC, NSC – premature 
suture fusion causing abnormal skull growth). We 
developed, tested and validated a three-dimensional finite 
element (FE) simulation platform to predict the head shape 
and intracranial volume (ICV), using information retrievable 
from computed tomography (CT) scans. 

Methods: Data relative to eight patients who underwent 
a VVPVE in GOSH since late 2019 (age at surgery = 3.3 
± 1.7 years; age range [7 months – 6.2 years]), having 
preoperative CT (160 ± 60 days before surgery) and 
postoperative CT (206 ± 239 days after surgery) were 
collected and processed to create 3D models. An ICV 
growth curve was used to account for time difference 
between preoperative CT and the surgical procedure. 
Osteotomy dimensions, spring models and location 
were recorded from post-operative CT scans and notes. 
Surgical cuts were replicated and the spring expansion 
was simulated in ANSYS 2020 (Canonsburg, Pennsylvania, 
US). The calvarium and the scalp were simulated as linear 
elastic materials with properties retrieved from literature. 
Viscoelastic material models were used to model skull 
and scalp reshaping due to skull-spring interaction. For 
each patient, the predicted postoperative skull shape was 
retrieved and compared with the respective postoperative 
3D model. Predicted (calculated using a computational 
algorithm) and postoperative ICVs (ICV_FE, ICV_CT) were 
extracted and compared.

Results: Comparison of the simulated post-expansion skull 
with the postoperative CT skull reconstruction showed very 
similar extent of expansion. The average postoperative 
ICV_CT recorded was 1402 ml ± 187 ml and the simulated 
model yielded comparable values with an average of 1448 
ml ± 185 ml (R² = 0.93, p<0.0002). 

Conclusion: A patient specific model of VVPVE was 
created, using 3D data from medical imaging. This work 
shows that our FE model can reliably predict the effect of 
spring insertion within the population. Further refinement will 
include a surgical parameters optimization, such as spring 
location and size of the osteotomies, to ensure suitable 
functional outcomes.

Science/Innovation
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CranioRate: An Image-Based, Deep-
Phenotyping Analysis Toolset and 
Online Clinician Interface for Metopic 
Craniosynostosis  

Ms Annie Gleeney, Mr. Justin Beiriger1, Mr. Wenzheng Tao2, 
Dr. Madeleine Bruce1, Mr. Joseph Mocharnuk1, Dr. John 
Smetona1, Dr. Ross Whitaker2, Dr. Jesse Goldstein1

1University Of Pittsburgh School Of Medicine, Pittsburgh, United 
States, 2University of Utah School of Computing, Salt Lake City, 
United States

Introduction: The diagnosis and management of metopic 
craniosynostosis involves subjective decision-making at 
the point of care. The purpose of this work is to describe 
a quantitative severity metric and point-of-care user 
interface to aid clinicians in the management of metopic 
craniosynostosis and to provide a platform for future research 
through deep phenotyping. 

Methods: Two machine-learning algorithms were 
developed that quantify the severity of craniosynostosis – 
a supervised model specific to metopic craniosynostosis 
(Metopic Severity Score) and an unsupervised model used 
for cranial morphology in general (Cranial Morphology 
Deviation). CT imaging from multiple institutions were 
compiled to establish the spectrum of severity and a point-of-
care tool was developed and validated. 

Results: Over the study period (2019-2021), 254 patients 
with metopic craniosynostosis and 92 control patients who 
underwent CT scan between the ages of 6 and 18 months 
were included. Scans were processed using an unsupervised 
machine-learning based dysmorphology quantification tool, 
CranioRateTM. The average Metopic severity score (MSS) for 
normal controls was 0.0±1.0 and for metopic synostosis was 
4.9±2.3 (p<0.001). The average Cranial Morphology Deviation 
(CMD) for normal controls was 85.2±19.2 and for metopic 
synostosis was 189.9±43.4 (p<0.001). A point-of-care user 
interface (craniorate.org) has processed 46 CT images from 
10 institutions. 

Conclusion: The resulting quantification of severity using 
MSS and CMD has shown an improved capacity, relative 
to conventional measures, to automatically classify normal 
controls versus patients with metopic synostosis. We have 
mathematically described, in an objective and quantifiable 
manner, the distribution of phenotypes in metopic 
craniosynostosis. 

Autologous Calvarial Bone Grafting for 
Reconstruction of Large Calvarial Defects in 
a Pediatric Population: A Novel Interlocking 
Strip Split Technique

Mr Moorthy Halsnad1, Mr Meharpal Sangra1

1Scottish National Centre for Craniofacial Surgery,  
Royal Hospital For Children, Glasgow, Glasgow, United Kingdom

Aim: To assess the outcomes of autologous split calvarial 
bone grafting for large, acquired skull defects in a pediatric 
population with an interlocking strip split technique (ISST)

Introduction: Acquired skull defects can be the result of 
various insults to the calvarium with the most common reason 
being loss of a bone flap after decompressive craniectomy 
after trauma or infection. Whilst the merits of autologous 
bone for reconstruction are recognized, this method has 
traditionally been avoided in a pediatric population with 
large calvarial defects due to perceived difficulty in splitting 
the thinner calvarial bone. Here we review the literature 
surrounding cranioplasty in a pediatric population and 
present a novel technique in our small case series of patients 
who underwent a unique type of split calvarial bone grafting 
for large, acquired skull defects that enabled satisfactory 
reconstruction.

Methods: A literature review for cranioplasty in a pediatric 
population was performed and the existing evidence 
reviewed. All patients who underwent ISST calvarial bone 
grafting in our unit were assessed in terms of primary healing, 
complications and bony continuity of the calvarium. The 
poster will show the preparatory virtual surgical plan (VSP) 
from patient’s CT scan & the technique of ISST with clinical 
photographs and illustrations.

Results: All patients had successful outcomes in terms 
of healing, lack of complications and bony continuity as 
assessed clinically and radiologically. 

Conclusion: The technique of ISST allows a safe and reliable 
autologous reconstruction of challenging large cranial 
defects in a pediatric population. A VSP can facilitate this 
technique to achieve consistent satisfactory outcomes.
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Virtual Surgical Plan Guided ‘Modified 
Melbourne Technique-Total Calvarial 
Remodelling’ for a Late Presenting 
Scaphocephaly 

Mr Moorthy Halsnad1, Mr Ahad Shafi1, Mr Ojas Krishnan1, 
Miss Catherine Turner1, Mr Meharpal Sangra1

1Royal Hospital For Children, Glasgow, United Kingdom

Introduction: Isolated sagittal synostosis (SS) is the most 
frequently occurring type of non-syndromic single-suture 
synostosis and its management principles have evolved from 
a simple suturectomy to more advanced techniques such as 
early remodelling that extends to total calvarium as well as 
minimal access procedures with endoscopes. 

However, a total calvarial remodelling (TCR) remains the 
preferred option for SS cases with severe deformity. Amongst 
different types of TCR techniques, Melbourne Technique (MT) 
as described by Greensmith et al in their case series of much 
younger age group with average age of 7.5months, seems 
to be a well-designed remodelling that addresses majority 
of the deformity secondary to SS. Therefore, authors felt the 
existing MT-TCR could be modified with assistance of Virtual 
Surgical Planning for an improved outcome to manage late 
presenting scaphocephaly cases.

Aims: We propose and describe our VSP technique with 3D 
printed guides to manage a late presenting scaphocephaly 
in a child of 27month age. 

Methods: A low dose computed tomography (CT) scan was 
performed preoperatively and the DICOM data were used 
for VSP of a Modified Melbourne type of TCR to achieve 
satisfactory correction of the child’s scaphocephaly. After the 
digital workflow preparation by our maxillofacial laboratory 
technician, interlocking osteotomy guides were designed and 
printed. The sterilized guides were used intra operatively to 
facilitate accurate craniotomies that allowed completion of 
satisfactory TCR with very minimal osseous defects.

Results: The VSP allowed us to identify the salient anatomy 
and design craniotomy appropriately. This allowed an efficient 
course through the operative stages with accurate bone 
positions for a better result.

Conclusion: In scaphocephaly cases with deformity towards 
the severe end of the spectrum with added complexity 
of delayed presentation, a VSP assisted TCR can achieve 
good results. Authors feel the modifications proposed would 
refine the conventional MT-TCR to make it more suited for 
late presenting cases of scaphocephaly. This technical note 
also highlights the cost-effective aspect of an in-house 3d 
technology that allows the practice of advanced craniofacial 
surgery safely.

Repair of Congenital Enlarged Parietal 
Foramina with Porous Polyethylene 
Implants

Dr Petros Konofaos1, Dr Robert Wallace1

1Division Plastic Surgery, University Of Tennessee Health Science 
Center, Memphis, United States

Background: Congenital parietal foramina (CPF) is caused 
by intramembranous ossification defects of the parietal 
bones and manifests as symmetric bilateral round or oval 
defects on each parietal bone. The purpose of the current 
study is to present our experience using a custom-made 
porous polyethylene implants (PPI for reconstruction of CPFs 
in 4 pediatric patients.

Method: Preoperatively, PPIs were fabricated to fit the 
defect using fine-cut CT imaging. A bi-coronal incision was 
made posterior to the skull vertex but superior to the CPF, 
so the PPI did not lie directly underneath the incision. The 
defect was approached in the subgaleal plane and any 
residual pericranial flap was elevated through subperiosteal 
dissection, and the bony margins of the defect were 
exposed, freed of the underlying dura and trimmed, if 
necessary, in order to refine its shape to fit the defect. The 
implant was soaked in antibiotic solution prior to placement. 
Fixation to the patient’s skull was performed with titanium 
plates/screws.

Results: Four patients with large CPF were treated with 
custom-made PPIs. Age ranged from 3 to 14 years. The size 
of the bone defects ranged from 2 to 4 cm. All the patients 
were discharged the 1st postoperative day. The follow-up 
ranged from 6 to 31 months. All the patients had good 
contour and symmetry with stable wounds without exposed 
hardware at the latest follow-up.

Conclusions: Although there is no consensus regarding 
the means of reconstruction for CPF, in all the available 
series the main indication for cranioplasty is the size of the 
bone defect. Such large bone defects (larger than 2 cm), 
especially in pediatric patients, are high risk for potential 
brain injury, especially in young active children. This is 
the first report on the surgical management of enlarged 
CPFs using PPIs. Its use provides an efficient and simplified 
approach for the reconstruction of such bone defects with 
minimal morbidity and excellent cosmesis.
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The Results of Using the Method of 
Electrosurgical Welding of Defects of Dura 
Mater in Radical Removal of Frontal Sinus 
Tumours with IntracranialInvading

Miss Olena Kvasha1, Mr Dmytro Zabolotnyi1

1Institute Of Otorhinolaryngology of National Academy of medical 
sciences of Ukraine, Kyiv, Ukraine

Introduction: Invading of tumours of paranasal sinuses into 
the cranial cavity occurs in 2.5% of patients. Intracranial 
spreading of frontal sinus tumours are found in these patients 
at a frequency of 31,7% and are characterized by an 
aggressive course.

Materials and methods. Group I (main, 20 patients) - 
intraoperative sealing of dura mater defects with our bipolar 
tools. Group II (control, 20 patients) - sealing of dura mater 
defects using suture material - polypropylene. For welding 
tissues, we developed 3 automatic modes of the hardware 
welded complex: 1) dura mater with dura mater; 2) dura 
mater with fascia lata; 3) fascia lata with fascia lata. Modes 
were performed according to Heaviside step function with 
a gradual stepwise increase of the original current in 15 
conventional units, that corresponds to a total of 50% of 
the maximum power of the complex, which we choose as 
optimal, based on the previous experimental studies. The 
parameters in these 3 modes were in the range from 123 to 
243 Ⅲ for the determination of bioimpedance according to 
the scale of Dodde et al., 2012.

Results: Biological welding ensured the formation of an 
adequate seam. The traditional seam (with polypropylene) 
required additional sutures due to insufficient tightness in the 
control group in 4 cases (20%, p <0,05), in the main group – 
there wasn`t need for additional tightness (0%, p <0, 05). The 
amount of subaponeurotic accumulation of cerebrospinal 
fluid was chosen as one of the integral indicators. In group 
1, pseudomeningocele was not detected at all, in group 
2 (control) - detected in 3 patients (15%, p <0,05). Epidural 
drainages in the main group were removed on day 12 + 2.3 (p 
<0.05), in the control group - on 15 + 2.9 days (p <0.05).

Conclusion: Usage of biological welding contributes to 
a significant reduction of postoperative complications, 
facilitating the work of the surgeon, shortening the operation 
time, reduced duration of postoperative treatment 
compared to traditional methods. 

The Vertical Vector Spring PVE

Mr Juling Ong1, Mr Luke Smith1, Dr Alessandro Borghi1, 
Mr Greg James1, Mr Dulanka Silva1, Mr NUO Jeelani1, 
Professor David Dunaway1

1Great Ormond Street Hospital For Children, London,  
United Kingdom

Background: Posterior vault expansion is an effective surgical 
treatment for raised ICP in children with craniosynostosis. 
Raised ICP can occur in patients with CS irrespective of their 
head shape even after primary surgery for CS in the early 
years of life. When PVE is performed using traditional cranial 
distractors it achieves volume by expansion in a horizontal 
vector. 

At our institution, we use a range of dynamic, spring assisted 
techniques vault remodeling techniques which achieve 
cranial expansion by utilizing a rotational movement to 
address both aesthetic posterior vault remodelling as well as 
to treat ICP secondary to cephalocranial disproportion.This 
work demonstrates the indications, techniques and outcomes 
of the vertical vector spring PVE as well as the subtypes of this 
technique.

Methods: A retrospective analysis of all patients undergoing 
spring assisted PVEs was conducted. Patient demographics, 
as well as operative and complication data was recorded. 

Results: All springs assisted PVEs between January 2018 – 
June 2022 were included. Over the last 4.5 years we have 
performed 84 spring assisted PVEs of which 37 are the 
Vertical Vector type. The indication for the majority was to 
address function with 19/84 for aesthetic reasons. There were 
41 classical PVEs, 6 unilateral PVEs and 37 Vertical Vector 
PVEs (4 Type 1, 14 Type 2, 9 Type 3 and 10 Type 4). 9/84 
patients undergoing PVE had a complication of which spring 
extrusion was the most common.  This procedure was the 
primary procedure in 70/84 and secondary procedure in 14 
patients. 29/41 patients undergoing the classical PVE required 
transfusion (Mean: 110 mls) while 24/37 VVPVE required a 
transfusion (Mean: 157 mls). 

Conclusion: Spring driven posterior vault expansion is an 
effective method for addressing cephalocranial disproportion. 
The vertical vector technique has a complication profile 
which is comparable to the classical vector spring PVE and 
posterior vault expansion by distraction and is an alternative 
technique for vault expansion for patients having primary or 
secondary surgery. 
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Prone Positioning Made Easy!

Mr Ahad Shafi1, Dr Simon Young1, Dr Joceyln Erskine1,  
Mr Kevin Jerome1, Mr Moorthy Halsnad1, Mr Raju 
Sangra1

1Royal Hospital for Children, Glasgow, United Kingdom

Positioning of patients for access to the posterior cranial 
region can be a challenge, but can often be a key aspect 
in achieving the main surgical objectives. A prone position is 
inevitably required for calvarial remodelling, posterior vault 
distraction and foramen magnum decompression. In total 
calvarial remodelling, a variety of approaches are utilised; 
these include supine to prone switch, a sphinx position and 
lateral positions. A variety of adjuncts have also been used 
to aid cases where a prone position is utilised.

Prone positioning creates an additional challenge for the 
entire theatre team. Care must be taken to manage the 
patient’s endotracheal tube, protect their eyes and to 
prevent pressure sores. Central line, peripheral line and 
electroencephalogram positioning also require some 
added thought.

The use of sponges is often practiced to help support and 
protect the head and face, however modifying these and 
ensuring consistent protection can be difficult, as well as 
time consuming.

We illustrate a stock made face cushion, which is available 
in a variety of sizes. The ‘Prone-Easy Face Cushion’ by JMW 
Resources Ltd; has a preformed cushioning support to the 
facial buttresses, while leaving space for the eyes and 
endotracheal tube. There is also a mirror in the trough for 
the eyes, which allows the location of the eyes to be easily 
viewed throughout the positioning.

With the help of this device, we have had no instances of 
ocular trauma, pressure sores or issues with line and airway 
management.

Our series of pictures illustrates the product in use. 

Feasibility of a Portable Optical Coherence 
Tomography System in Children with 
Craniosynostosis

Dr Ravi Purohit1,3, Dr Sohaib Rufai2, Mr Chetan Kantibhai 
Patel1, Mr Greg Thomas3, Mr Noor ul Owase Jeelani4,  
Mr David Johnson3, Mr Tim Lawrence3

1Oxford Eye Hospital, John Radcliffe Hospital, Headly Way, United 
Kingdom, 2University of Leicester, Leicester, United Kingdom, 
3Oxford Craniofacial Unit, John Radcliffe Hospital, Headly Way, 
United Kingdom, 4Great Ormand Street Craniofacial Unit, London, 
United Kingdom

Optical coherence tomography (OCT) is a non-invasive 
retinal imaging technique. OCT has demonstrated promise as 
a non-invasive surrogate marker for IH, but standard table-
mounted OCT devices are difficult to use in infants and young 
children. We assessed the feasibility of a portable OCT device 
in children with craniosynostosis.

Fifty children aged under 18 years with a clinical and/
or genetic diagnosis of craniosynostosis were included. A 
Spectralis Flex (Heidelberg Engineering) was used. Success 
rates were recorded for the bilateral and unilateral acquisition 
of optic nerve head (ONH) images of analysable quality. 
This study was approved by Oxford University Hospitals Audit 
Department (registration ID: 5956)

47 children were imaged at the Oxford Craniofacial Unit and 
three were imaged at Great Ormond Street Hospital (GOSH). 
28 patients were male (56%), 22 were female (44%), 12 had 
syndromic craniosynostosis (24%), 38 had non-syndromic 
craniosynostosis (76%). Median age was 47 months (IQR: 11-
80). All patients were awake during imaging, with an assistant 
operating the computer. No patients were dilated. Bilateral 
imaging was successful in 39 (78%) and unilateral imaging 
successful in 44 (88%). The main reason for non-acquisition was 
poor patient compliance.

This is the first study to demonstrate that portable OCT 
imaging using the Spectralis Flex is feasible in children with 
craniosynostosis. The success rates for bilateral and unilateral 
ONH imaging were similar to those recently obtained at 
GOSH, using a handheld OCT device, and higher than that 
reported by Patel et al in a large study of children without eye 
disease (n=351). 
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Cranial Volumetric Changes After 
Scaphocephaly Correction: Analysis of 10 
Patients Using 3D-CT Scan Measurement

Urbano Urbani1, Francesca Grussu1, Giorgio Spuntarelli1, 
Simone Faustino Marino1, Luca Borro2, Mario Zama1

1Plastic and Maxillofacial Surgery Unit - Bambino Gesù Children’s 
Children’s Hospital, Rome, Italy, 2Advanced Cardiovascular 
Radiology - Bambino Gesù Children’s Children’s Hospital,  
Rome, Italy

Background: It’s commonly accepted that craniosynostosis 
are responsible for a reduced cranial capacity even If 
some studies have shown a normal skull volume in pediatric 
patients aged more than 6mos. A premature ossification 
of the cranial sutures could be responsible for multiple 
functional and cosmetic problems: the most important factor 
affecting is an increasing intracranial pressure yet evident 
in the first months of the life. That is why the correction of 
a craniosynostosis is better performed during this time and 
are not usually recommended after a complete ossification 
of the skull intervene. Scaphocephaly is the most common 
craniosynostosis and with the biggest morphologic anomalies 
of the shape but without a true influence on the volume and 
the intracranial pressure. A significant problem in craniofacial 
surgery in the past was due to the absence of an accurate, 
reproducible and simple tool of measuring the intracranial 
capacity. Moreover, in the first 12 months of life the skull would 
increase both with or without a surgical correction.

Method: 10 patients affected by a scaphocephaly were 
enrolled in this study and underwent a surgical correction. CT 
scans were obtained in each patient prior and immediately 
after the surgical procedure. The surgical technique has 
been the same in each case: the venetian blind technique 
modification is followed by a frontal expansion and an 
intraoperative reduction of the longitudinal diameter. The 
time of surgery was done between 4 and 8mos of age.

Results: The CT software investigated both cranial volume 
and skull diameters before and after surgery. A comparison 
between different diameter’s changes and the intracranial 
volume has been performed. All patients showed a little 
volume increase If compared to wide diameter modifications.

Conclusion: The surgical correction of scaphocephaly must 
include a P-A diameter reduction and at the same time an 
increase of the biparietal diameter in order to obtain a final 
refashioned shape of the cranial vault. The volumetric analysis 
obtained by 3D-CT scans should indicate If the entire surgical 
procedure has been carried out in the proper way.

An Analysis of Outcomes with the Use of 
Periorbital Steroids to Reduce Facial Swelling 
in Fronto-Orbital Advancement

Dr. Daniel Cho1, Ms. Jessica Blum1, Mr. Dillan Villavisanis1, 
Dr. Jordan Swanson1, Dr. Jesse Taylor1, Dr. Richard Hopper2, 
Dr. Scott Bartlett1, Dr. Craig Birgfeld2

1Children’s Hospital of Philadelphia, Philadelphia, United States, 
2Seattle Children’s Hospital, Seattle, United States

Background: Facial swelling is a known consequence of 
craniofacial surgery but there is little published data regarding 
the use of steroids in pediatric craniofacial procedures. This 
study aims to evaluate the outcomes associated with two 
different techniques of periorbital steroid administration 
in fronto-orbital advancement (FOA) at two high volume 
craniofacial centers.

Method: A multi-institutional retrospective chart review of 
patients who underwent FOA between 2012 and 2021 at 
Seattle Children’s Hospital and the Children’s Hospital of 
Philadelphia was completed. Patients were divided into three 
cohorts based on method of steroid administration including 
tumescent infiltration of a dilute solution of triamcinolone (120 
μg/mL) in the periorbital region (INJ), application of gelfoam 
saturated with triamcinolone (10 mg/mL) on the bandeau 
(GEL), or no periorbital steroids (NON). Significance between 
outcome measures was determined using one-way ANOVA 
or chi-square test, with appropriate post-hoc testing. Variables 
predictive of infectious complications were explored using 
multiple logistic regression. 

Results: A total of 412 patients were included with 249(60.4%) 
in the INJ group, 87(21.1%) in the GEL group, and 76(18.4%) in 
the NON group. There was no significant difference between 
cohorts in age or weight at surgery. The INJ group had a 
higher ASA class (2.4 vs. 2.1 vs. 2.1, p<.001) while the NON 
group was significantly more likely to be syndromic (p<.001) 
and have multisuture craniosynostosis (p<.001). The INJ group 
had a significantly shorter operative time, less blood loss, 
and lower total volume transfused (p<.001). The infection 
rates for each cohort were NON: 2.6%, INJ: 4.4%, and GEL: 
10.3%. There was no significant difference between groups in 
hospital length of stay, a proxy for periorbital swelling, (p=.654) 
or rate of post-operative infectious complications (p=.061). 
Regression revealed increased ASA class (adjusted OR=2.995, 
p=.016) and increased length of stay (adjusted OR=1.015, 
p=.011) as independent predictors of increased infectious 
complications. 

Conclusion: A dose dependent relationship between 
periorbital triamcinolone and rate of infectious complications 
emerged with key contributions from ASA class and hospital 
length of stay. Careful consideration of the value of periorbital 
steroids in FOA is indicated given the lack of evident benefit 
and potential risk of infectious complications.

Successes, Complications and 
Challenges
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Single Centre Retrospective Cohort Study 
on the Surgical Management of Paediatric 
Head and Neck Rhabdomyosarcoma

Dr Mahaveer Sangha1, Dr Marinka Hol2, Professor David 
Dunaway3, Dr Olga Slater4, Mr Simon Eccles3, Mr Richard 
Hewett5, Mr Juling Ong3

1University College London, London, United Kingdom, 2University 
Medical Center Utrecht, Department of Otorhinolaryngology and 
Head and Neck Cancer, Utrecht, The Netherlands, 3Great Ormond 
Street Hospital for Children NHS Foundation Trust, Craniofacial 
Unit, London, United Kingdom, 4Great Ormond Street Hospital 
for Children NHS Foundation Trust, Department of Haematology 
and Oncology, London, United Kingdom, 5Great Ormond Street 
Hospital for Children NHS Foundation Trust, Department of Ear, 
Nose and Throat (ENT), London, United Kingdom

Background: Rhabdomyosarcoma (RMS) contributes 
to around 4.5% of all cases of paediatric cancer, with 
approximately 35-40% of cases arising in the head and neck 
region. Survival has improved due to advances in surgery 
and chemo/radiotherapy and is approximately 69-73%. 
Despite this, optimal reconstructive approaches remain to 
be elucidated, we therefore aimed to: 1) assess methods 
employed in the surgical management, and reconstruction 
post-management, of patients with RMS, 2) assess long-term 
outcomes (event-free survival [EFS] and development of 
complications) in paediatric patients with head and neck 
RMS. 

Methods: Electronic records of patients who were: 
<18 years-old at diagnosis of histologically confirmed 
rhabdomyosarcoma of the head and neck region, and 
alive currently, were assessed for the following variables: 
demographics, treatment history, long-term complications, 
and tumour details. EFS analyses were conducted in addition 
to analysis of correlation between categorical variables using 
the chi-squared statistic. An ‘event’ was defined as either 
locoregional or distal disease recurrence. 

Results: 37 patients from 1977 to 2017 were analysed, 
25 males and 12 females, mean age at diagnosis: 4.99 
years (range: 5 months to 12 years), mean follow-up: 12.2 
years (range: 1 to 25 years). 8 tumours were orbital, 25 
parameningeal, and 4 non-parameningeal. Histologically, 
6 were alveolar, 29 embryonal and 2 other. Facial 
reconstruction was conducted in 10 (27%) patients, 6 had >1 
reconstructive procedure. Average age at first reconstruction 
was 14.2 years (range: 3 to 19 years, 70% of patients were >15 
years, 30% were<15 years), and 8.4 years after initial surgery. 
Of the 10 undergoing reconstruction: 9 had resection as part 
of treatment compared to 8 in the non-reconstruction group 
(chi-squared= 9.075, p= 0.011). EFS was 0.835 (s.e.=0.062) at 
5 years, 0.798 (s.e.=0.069) at 10 years and 0.745 (s.e.=0.082) 
at 15 years. Mean EFS time was 12.500-years (95% CI: 7.486 
to 17.514) and 22.378-years (95% CI: 19.583 to 25.173) for 
reconstruction and no reconstruction respectively (Mantel-
Cox log rank: chi-squared=4.800, p=0.028). The most common 
complications were endocrine dysfunction (59%), acquired 
facial deformity (46%), periorbital/ocular issues (41%) and 
dental issues (35%). 

Conclusion: In this group, more severe disease correlated 
with relapse and thus further management, including 
reconstruction. 

How Effective is Midface Advancement 
Surgery at Improving Obstructive 
Sleep Apnoea in Syndromic Cases of 
Craniosynostosis?

Miss Rachel Barr-Keenan1, Mr James Ramsden1,  
Mr David Johnson1

1Oxford Craniofacial Unit, Oxford, United Kingdom

Obstructive Sleep Apnoea (OSA) affects over 70% of 
children with Syndromic Craniosynostosis (SCS). The 
aetiology of this is multifaceted, however midface 
hypoplasia causing peripheral airway obstruction is often 
a cause. Therefore, these patients are offered midface 
advancement surgery when prior, less-invasive, methods 
to treat their moderate-severe OSA fail. We present our 
treatment algorithm for this. 

The literature pertaining to OSA outcomes in SCS patients 
who underwent midface advancement was reviewed with 
the aim to provide recommendation for clinical practice 
and further research. Only papers which objectively 
measured OSA severity in SCS patients before and after 
midface advancement were included. Apnoea-Hypopnea 
Index (AHI), overnight SaO2, upper airway volume, 
Respiratory Disturbance Index (RDI) and decannulation 
rates, were compared to assess effectiveness of midface 
advancement in reducing OSA severity. 16 papers met the 
criteria, encompassing 413 cases.

A statistically significant and clinically-relevant improvement 
in AHI score following midface advancement was found. 
There was no significant improvement in RDI, but upper 
airway volume increased and decannulation rates 
were extremely favourable. In patients where midface 
advancement is not effective, it is likely that there are other 
contributing factors, such as a degree of central sleep 
apnoea or a sub-glottic obstruction. It would be assumed 
that, if severity and aetiology differ by syndrome, then ideal 
surgical intervention and optimal time for this would differ 
also, yet studies did not report syndrome-specific trends in 
post-operative outcomes. However, there was a distinct 
lack of data in this area.

Midface advancement is very effective at improving OSA in 
those with SCS, but pre-operative investigations must ensure 
midface retrusion is the main causative factor, otherwise 
other management options should be explored. A multi-
centre trial with a large patient cohort, where every patient 
undergoes pre- and post-operative polysomnography 
and is then followed up long term, is indicated to allow 
syndrome-specific management plans to be implemented. 
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Does Syndromic Diagnosis Matter? 
Perioperative Outcomes of 2,192 Patients

Dr. Daniel Cho1, Jessica Blum1, Dr. Petra M. Meier2,  
Dr. Hubert Benzon3, Dr. Franklyn Cladis4, Dr. Jesse Taylor1

1Division of Plastic, Reconstructive and Oral Surgery, Children’s 
Hospital Of Philadelphia, Philadelphia, United States of America, 
2Department of Anesthesiology, Boston Children’s Hospital 
and Harvard Medical School, Boston, United States of America, 
3Department of Pediatric Anesthesiology, Ann and Robert H. Lurie 
Children’s Hospital of Chicago, Chicago, United States of America, 
4Department of Anesthesiology, UPMC Children’s Hospital, 
Pittsburgh, United States of America

Background: This study aims to assess differences in 
perioperative outcomes between the craniosynostosis 
syndromes.

Methods: We queried the Pediatric Craniofacial 
Collaborative Group (PCCG) database for patients 
undergoing craniosynostosis repair. A total of 2,192 patients 
were included, 548 with a craniofacial syndrome (Apert: 
132, Crouzon: 125, Pfeiffer: 61, Saethre-Chotzen: 70, Other: 
160). Patients were 3:1 matched based on age, weight, ASA 
physical status, and procedure type (endoscopic or open 
vault remodeling). Demographic and perioperative variables 
were compared using comparative testing and Bonferroni 
correction (Ⅲ = 0.05).

Results: Significant differences emerged between syndromic 
cohorts for age at surgery (p=0.01), weight (p=0.001), race 
(p=0.005), ethnicity (p=0.03), ASA status (p<.0001) and 
procedure type (p<.0001). 

Patients with Crouzon syndrome were more likely than those 
with Apert to require transfusion (80.0% vs. 63.6%, p=.036), 
while patients with Pfeiffer had significantly more allogenic 
blood exposure (ml/kg) than Crouzon patients (46.0±34.3 
vs. 28.9±18.1, p=.001) Patients with Pfeiffer syndrome were 
significantly more likely than those with Apert (100.0% vs. 
83.2%, p=.0008) and Saethre-Chotzen (84.3%, p=.0014) to 
be admitted to the ICU following surgery and had longer 
durations of ICU admission than patients with Crouzon (days) 
(7.0±12.4 vs. 2.9±2.9, p=.0009). 

The syndromic cohort had more intra- and post-operative 
complications than the non-syndromic cohort: (19.2% vs. 
12.9%, p=.0003) and (18.9% vs. 9.0%, p<.0001), respectively. 
The most common intra- and post-operative complications 
were hypotension at 5.9% in the syndromic group and 
unplanned second surgery at 3.3% in the syndromic 
group. Patients with Pfeiffer syndrome experienced more 
postoperative complications than those with Crouzon (36.2% 
vs. 14.4%, p=.001) or Saethre-Chotzen (11.6%, p=.001) and 
spent more days in the hospital than those with Crouzon 
(15.5±23.3 vs. 5.7±4.4, p<.0001), Saethre-Chotzen (4.6±1.4, 
p=.0001), or “other” syndromes (6.9±11.6, p=.0005). There was 
no difference between cohorts in exposure to donor blood 
(units), intraoperative coagulation products or antifibrinolytics, 
or postoperative intubation (p>.05).

Conclusions: Key differences in perioperative outcomes 
exist between syndromic cohorts, especially in regard to 
complications in Pfeiffer syndrome. This information can be 
used to inform perioperative management pathways, counsel 
families, and optimize quality of surgical care. 

Does the Mutation Type Affect the Response 
to Cranial Vault Expansion in Children with 
Apert Syndrome?

Mr Mohammad Goodarzi1, Mr William Breakey1,2,  
Mr Richard Thompson2, Professor Silvia Schievano2, 
Professor David Dunaway2, Mr Owase Jaelani2

1Department of Plastic and Reconstructive Surgery, James Cook 
University Hospital, Middlesbrough, United Kingdom, 2UCL Great 
Ormond Street Institute of Child Health & Craniofacial Unit, Great 
Ormond Street Hospital for Children, London, United Kingdom

Background: Apert syndrome is an autosomal disorder, with 
gain-of-function mutations in FGFR-2 being responsible in 98% 
of cases; either Ser252Trp (66%) or Pro253Arg (32%). Spring-
assisted PVE (SA-PVE) has been the technique of choice for 
cranial vault expansion in patients with Apert Syndrome at 
Great Ormond Street Hospital for Children (GOSH). This study 
investigated if there was difference in intracranial volume 
(ICV) in patients with Apert Syndrome with Ser252Trp or 
Pro253Arg mutation and whether these mutations affect the 
change in ICV achieved by SA-PVE. 

Method; Patients with complete genetic testing and pre-
operative and post-operative CT scans were selected 
from the GOSH craniofacial SA-PVE dataset. Data on 
demographics, indication, diagnosis, age at pre-operative 
and post-operative CT-scan were collected. ICV was 
calculated using FSL imaging software, with growth adjusted 
based on Apert specific growth curves.

Results: 16 patients were included in the study, 8 with 
Ser252Trp mutation and 8 with Pro253Arg mutation. Mean 
pre-operative adjusted CT volume in the Ser252Trp group 
was 1137.7 cm3 and in the Pro253Arg group was 1115.8 cm3 
(p=1.00). There was a significant increase in ICV following SA-
PVE in all patients (p <0.001) with no difference in the mean 
change in ICV between both groups (p=0.51).Four patients 
with Ser252Trp mutation and three with Pro253Arg mutations 
required a second operation after primary SA-PVE. There 
was no association between mutation and likelihood of re-
operation (p=1.0).

Conclusion: In this small cohort, the results demonstrate 
that regardless of the mutation present, SA-PVE is successful 
in increasing ICV in patients with Apert syndrome and that 
a repeat volume expanding procedure is required by a 
similar number of patients. These finding have not previously 
been reported in the literature and suggest that variations 
in outcome may be related to other factors such as cranial 
stiffness or surgical strategy. Despite this, the findings reported 
are helpful when considering surgical planning and when 
counselling of parents of children with Apert syndrome for SA-
PVE as they can be reassured that increases in ICV are similar 
regardless of mutation profile. 

Syndromic Craniosynostosis
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Psychological Adjustment in Apert 
Syndrome: Parent and Young Person 
Perspectives

Dr Jo Horton1, Mr Martin Evans1, Mr Peter Noons1

1Birmingham Women’s And Children’s Hospital, Birmingham,  
United Kingdom

Objective: To date, limited research has been carried out 
into the psychological impact of having a diagnosis of Apert 
Syndrome (AS) and the life experiences of families living with 
this condition. The aim of the current study was to explore 
psychological adjustment to AS from the perspectives of 
young people, and their parents, with the broader goal of 
informing care, and support for this population. 

Method: Four young people (two male) aged 11-15 years 
and their mothers were interviewed in their homes using 
a semi-structured interview guide and photo-elicitation 
methods. Transcripts were analysed using Interpretive 
Phenomenological Analysis.

Results: Three superordinate themes were identified from the 
data: 1) Acceptance and Adjustment: A Cyclical Journey; 
2) A Barrier to Adjustment: Navigating Treatment; and, 3) 
Facilitating Adjustment: Social Support. Families described 
adjustment as a cyclical process, which was sensitive to 
change, particularly in the context of ongoing medical 
treatment. Families also utilised many resources, particularly 
in the form of social support, to adjust to the challenges of AS 
and build resilience.

Conclusions: The findings of this study have important 
implications for the implementation of patient-centred 
care within designated craniofacial treatment centres, 
which should at a minimum include the provision of reliable 
information throughout the treatment pathway, additional 
support from health professionals at key times of transition, 
and the co-ordination of support across medical teams, and 
other key organisations in the child’s life.  

Effect of Midface Surgery on Orbital 
Measurements in Patients with Orbital 
Malformations

Drs. Parinaz Rostamzad1, Dr. Maarten M. Koudstaal2,  
Dr. Sjoukje E. Loudon3, Dr. Sarah L. Versnel1, Dr. Mieke  
M. Pleumeekers1

1Department of Plastic and Reconstructive surgery, Erasmus 
Medical Center, Rotterdam, Netherlands, 2Department of Oral 
and Maxillofacial surgery, Erasmus Medical Center, Rotterdam, 
Netherlands, 3Department of Ophthalmology, Erasmus Medical 
Center, Rotterdam, Netherlands

Background: Orbital malformations including 
hypertelorism, vertical orbital dystopia, and midface 
hypoplasia may be corrected by Le Fort III (LFIII), Monobloc, 
Orbital box osteotomy (OBO), and Facial bipartition (FB). 
Aim was to determine the effect of these procedures on 
orbital measurements on different age categories. 

Methods: A retrospective analysis was performed and pre- 
and postoperative CT-scans were analyzed on the axial 
plane. Included were patients with orbital malformations 
who have had midface surgery and available CT-scans 
pre-and postoperative, with a follow-up of approximately 
one year. The measured distances were: anterior interorbital 
distance (AIOD), lateral interorbital distance (LIOD), inter 
temporal distance (ITD), mid orbital distance (MOD), and 
globe protrusion of both eyes (GP ODS). The postoperative 
change was measured in millimeters (mm). Age categories 
were subdivided in 0-6 years, 7-12 years and ≥13 years. 

Results: 71 patients were included, of which 29 were 
treated by LFIII, 27 by Monobloc and 14 by FB and one 
by OBO. The included diagnoses were Apert, Crouzon 
and Craniofrontonasal dysplasia. The total mean pre-
operative AIOD was 25.0 mm in patients treated by LFIII, 
20.4 mm treated by Monobloc, and 31.2 mm treated by 
FB. The total mean pre-operative GP ODS was 20.0 mm in 
patients treated by LFIII, 20.4 mm treated by Monobloc, 
and 17.8 mm treated by FB. In the age category 0-6 
years, postoperatively, AIOD was reduced by 0.1 mm 
after LFIII, it was increased by 0.4 mm after Monobloc, it 
was reduced by 8.6 mm after FB. In the age category 7-12 
years, postoperatively, AIOD was increased by 0.8 mm 
after LFIII, it was reduced by 0.6 mm after Monobloc and it 
was reduced by 11.5 mm after FB. In the age category >13 
years, AIOD was reduced by 0.7 mm after LFIII, 2.8 mm after 
Monobloc and 5.0 mm after FB. 

Conclusion: This study demonstrates the effects of 
midface surgery on orbital measurements in different age 
categories. It is important to know what the different effects 
of the various surgical techniques are at different ages, in 
order to be able to predict the postoperative outcomes in 
a more suitable way per patient. 
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Early Suturectomy for the Severe Multisuture 
Synostosis

Dr Emily Yassaie1, Mr Chris Parks
1Alder Hey Craniofacial Unit, Liverpool, United Kingdom

Severe multisuture synostosis with obvious skull deformity, 
thinning of the calvarium and rising intracranial pressure is a 
challenge for the craniofacial surgeon. 

Balancing the issues of airway, weight, safety for anaesthesia 
against the need to expand the vault and the lack of ossified 
bone, requires complex decision making by the craniofacial 
multidisciplinary team. 

We describe our unit’s approach to the extensive open 
suturectomy (or partial calvarectomy) preformed around 
twelve weeks of age. 

This technique:

- allows reduction in rising intracranial pressure to optimize 
neurological development

- releases fused sutures to allow subsequent brain growth

- avoids the use of a VP shunt

- allows significant early improvement in the skull morphology

- results in a less complex skull morphology and bone anatomy 
which sets a more anatomical foundation for subsequent 
vault remodelling

Syndromic Craniosynostosis
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