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Overview of the ICCBH 2026 Conference  

From Saturday 27 to Tuesday 30 June 2026 a total of 528 delegates from over 45 countries 
attended the 12ƣőШfŰƣĲƖŰċƣŔŸŰċũШ9ŸŰŉĲƖĲŰĦĲШŸŰШ9őŔũĬƖĲŰќƚШ7ŸŰĲШcĲċũƣőШыf997cьШŔŰШƣőĲШ
beautiful city of Montreal, CanadaЯШċƖƖċŰŊĲĬШĤǃШfŰƣĲƖŰċƣŔŸŰċũШÉŸĦŔĲƣǃШŉŸƖШ9őŔũĬƖĲŰќƚШ7ŸŰĲШ
Health (ISCBH).    

The meeting was held at Centre Mont-Royal, our selected conference venue in the heart of 
the city.  The meeting was preceded by five pre-conference sessions, including the well- 
attended OPTIMIZE DMD and ISCBH 2026 Workshop and the ISCBH 4th Achondroplasia 
Workshop on Obesity both of which were held on Friday 26th June.  On Saturday 27th June 
delegates could choose to attend either the XLH Workshop, a stimulating New Investigators 
Workshop and collaborative Specialised Nurse & Allied Professionals (SNAP) Workshop. 

 
The meeting featured two very popular keynote lectures, eight Symposia covering hot topics 
in paediatric bone diseases, 12 Meet the Expert sessions, 34 Oral Communication 
presentations, 230 Posters, and 16 sponsors and exhibitors.  We were also joined by many 
Patient Advisory groups at our new Patient Group forum which was held on Sunday.  
 
There were five Industry Sponsored sessions throughout the meeting 

The posters and exhibition hall were all located in the same space which enabled a great 
ŰĲƣƽŸƖťŔŰŊШŸƓƓŸƖƣƨŰŔƣǃШċŰĬШĲǂĦőċŰŊĲШŸŉШŔĬĲċƚШŉŸƖШċũũЮШfŰШċĬĬŔƣŔŸŰЯШĬĲĬŔĦċƣĲĬШљŰĲƣƽŸƖťŔŰŊШ
őŔƻĲƚњШƽĲƖĲШőĲũĬШƣŸƽċƖĬƚШƣőĲШĲŰĬШŸŉШƣőĲШůĲĲƣŔŰŊШƣŸШŉċĦŔũŔƣċƣĲШĦŸũũċĤŸƖċƣŔŸŰƚШċƖŸƨŰĬШċШƻċƖŔĲƣǃШ
of challenging topics. 

Professor Leanne Ward (Ottawa, Canada) was the recipient of the prestigious Charles 
Slemenda Award for Research Excellence in the field of Pediatric Bone Disorders. Professor 
Ward provided an overview of her successful career and her award was presented by the 
ICCBH Programme Committee members, Erik Imel (Indianapolis, USA) and Outi Mäkitie 
(Helsinki, Finland) 

Dr Noor Ul Ain (Islamabad, Pakistan) was the recipient of the ICCBH Maria Luisa Bianchi 
Award, introduced to recognise the work of female researchers and healthcare professionals 
towards the beginning of their careers, who have already made a significant contribution to 
the field of paediatric bone health, and who are based in low and middle income countries.  

Feedback from delegates on the meeting was resoundingly positive, and the ISCBH is now 
actively planning its next meetings including the 4th ISCBH Bone School (25-28 May 2027, 
Annecy, France) and the 13th ICCBH which will be held in the Summer of 2028 in Lisbon, 
Portugal.   

 
ISCBH Executive Committee  
 
Leanne Ward т President (Ottawa, Canada) 
Adalbert Raimann т Treasurer (Vienna, Austria) 
Ciara McDonnell т Secretary (Dublin, Ireland) 
Frank Rauch т Past-President (Montreal, Canada) 
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ISCBH Steering Committee  
 
Alison Boyce (Bethesda, USA) 
Moira Cheung (London, UK) 
Antonella Forlino (Pavia, Italy) 
Jeanne Franzone (Wilmington, USA) 
Eric Imel (Indianapolis, USA) 
Alex Ireland (Manchester, UK) 
Outi Mäkitie (Helsinki, Finland) 
Noriyuki Namba (Tottori, Japan) 
Marie-Eve Robinson (Montreal, Canada) 
Peter Simm (Melbourne, Australia) 
 
ICCBH 2026 Programme Organising Committee  
 
Erik Imel т POC Chair (Indianapolis, USA) 
Janet Crane (Baltimore, USA) 
Antonella Forlino (Pavia, Italy) 
Corinna Grasemann (Bochum, Germany) 
Alex Ireland (Manchester, UK) 
Anges Linglart (Paris, France) 
Cathleen Raggio (New York, USA) 
Peter Simm (Melbourne, Australia) 
Bettina Willie (Montreal, Canada) 
EX-OFFICIO MEMBER: Jeanne Franzone (Delaware, USA) (New Investigator Chair, 2026) 
 
ICCBH 2026 Local Organising Committee  
 
Marie-Eve Robinson т LOC Chair (Montreal, Canada) 
Melissa Fiscaletti (Montreal, Canada) 
Frank Rauch (Montreal, Canada) 
Anne Marie Sbrocchi (Montreal, Canada) 
 

ICCBH 2026 Abstracts  

Abstracts are published as submitted by the authors. All parties will make reasonable efforts 
to present educational subject matter in a scientific, balanced and unbiased way. However, 
participants must always use their own judgment and professional opinion when considering 
future application of this information, particularly as it may relate to patient diagnostic or 
treatment decisions.  

Statements and descriptions are informational only and are not made or given as a warranty. 
The views, opinions and statements made at the conference are solely those of the 
presenters and may not reflect the views of the Organisers. Furthermore, participants should 
bear in mind that presenters may have vested interests in the concepts and products they 
discuss. 

 

 

 

 

The ICCBH 2026 online abstracts 
are kindly supported by BridgeBio 
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Oral Communication Presentation Abstracts  

 

OC1.1 

Abnormal Bone Microarchitecture Phenotypes Identified in Adolescents with 
Unsupervised Machine Learning Methods Could Predict Suboptimal Peak Bone 
Mass in Early Adulthood: A Study of 1213 Adolescents 

Kenneth Guangpu Yang, Eric Cheuk-Kin Kwan, Wayne Yuk-Wai Lee, Alec Lik-Hang Hung, Vivian Wing-Ying 
Hung, Jack Chun-Yiu Cheng, Tsz-Ping Lam, Adam Yiu-Chung Lau 

The Chinese University of Hong Kong, Hong Kong, China 

Abstract 

Objectives:  

Adolescent Idiopathic Scoliosis (AIS) has been shown to be associated with systemic low bone 
density and deranged bone qualities. Whether high-resolution peripheral quantitative computed 
tomography (HR-pQCT) in adolescence can predict impaired peak bone mass in early adulthood 
remains unclear. This study aimed to (a) apply unsupervised machine learning approach to cluster 
bone microarchitecture phenotypes from HR-pQCT data in AIS and non-AIS adolescents, and (b) 
evaluate peak bone mass in each phenotype after follow-up beyond 18 years old 

Methods: 

A total of 1,213 adolescents (aged 10ς18 years; 602 AIS vs 611 non-AIS subjects; 963 females vs 250 males) 
who underwent HR-pQCT assessment of the non-dominant distal radius were included. Bone 
microarchitecture phenotypes were visualized using Uniform Manifold Approximation and Projection 
(UMAP) and clustered by a Fuzzy C-Means (FCM) model based on the HR-pQCT generated parameters. Of 
these, 190 AIS patients were reassessed 5ς8 years beyond 18 years old. 

Results:  

Three phenotypes were identified among these subjects: Phenotype-1 (normal bone quality, n = 
430), Phenotype-2 (low bone volume, n = 528), and Phenotype-3 (low cortical and trabecular 
density with impaired trabecular microarchitecture, n = 255). Patients with AIS had significantly 
lower total volumetric BMD (259.48±59.19 vs 281.40±69.17 mg/cm³, P<0.001), cortical volumetric 
BMD, cortical bone area, cortical bone thickness, trabecular volumetric BMD, trabecular thickness, 
trabecular number, and significantly greater trabecular separation. Follow-up in early adulthood 
included 92 AIS girls in Phenotype-1 (mean age 19.3±0.8 years), 50 in Phenotype-2 (19.8±0.7 
years), and 48 in Phenotype-3 (19.0±0.7 years). AIS patients with Phenotype-3 had significantly 
lower peak bone mass and impaired bone qualities in their early adulthood compared with the 
normal Phenotype-1 (Figure1). 

Conclusions:  

Unsupervised machine learning identified three distinct bone microarchitecture phenotypes in adolescents. 
These phenotypic features remained stable into early adulthood, with Phenotype-3 associated with 
suboptimal peak bone mass and impaired bone qualities. HR-pQCT-based bone microarchitecture 
phenotyping during adolescence may provide predictive insights into long-term bone health in AIS. 
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Disclosure 

None declared 
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OC1.2 

Primary Osteoporosis in Cleidocranial Dysplasia: A Multicentre Paediatric Cohort 

Study 

Ruggero Lanzafame1, Matteo Cerutti2, Thomas Zoller1, Francesca Panza1, Franco Antoniazzi1, Angelo 
Pietrobelli1,3, Ana Beleza-Meireles4, Rhoda Akilapa4, Ayse Pinar Ozturk5, Rui Santos6, Alessandra Cocca5 

1University Hospital of Verona, Department of Surgical Science, Dentistry, Gynecology and Pediatrics, 
Verona, Italy. 2University of Florence, Department of Health Sciences, Florence, Italy. 3Pennington 
Biomedical Research Center, Baton Rouge, Louisiana, USA. 4DǳȅΩǎ ŀƴŘ {ǘ ¢ƘƻƳŀǎΩǎ bI{ ¢ǊǳǎǘΣ /ƭƛƴƛŎŀƭ 
Genetics, London, UK. 59ǾŜƭƛƴŀ [ƻƴŘƻƴ /ƘƛƭŘǊŜƴΩǎ IƻǎǇƛǘŀƭΣ tŀŜŘƛŀǘǊƛŎ 9ƴŘƻŎǊƛƴŜ ŀƴŘ .ƻƴŜ {ŜǊǾƛŎŜΣ [ƻƴŘƻƴΣ 
UK. 69ǾŜƭƛƴŀ [ƻƴŘƻƴ /ƘƛƭŘǊŜƴΩǎ IƻǎǇƛǘŀƭΣ tŜŘƛŀǘǊƛŎ wŀŘƛƻƭƻƎȅ {ŜǊǾƛŎŜΣ [ƻƴŘƻƴΣ UK 

Abstract 

Objectives: Cleidocranial dysplasia (CCD) is a rare skeletal dysplasia caused by haploinsufficiency of RUNX2, 
a regulator of osteoblast differentiation. We aimed to assess its role as an underrecognized cause of 
primary osteoporosis. 

Methods: We conducted a multicentre observational study including 32 paediatric patients with CCD 
ŦƻƭƭƻǿŜŘ ŀǘ 9ǾŜƭƛƴŀ [ƻƴŘƻƴ /ƘƛƭŘǊŜƴΩǎ IƻǎǇƛǘŀƭ ό¦Yύ ŀƴŘ ±ŜǊƻƴŀ ¦ƴƛǾŜǊǎƛǘȅ IƻǎǇƛǘŀƭ όLǘŀƭȅύΦ /ƭƛƴƛŎŀƭ 
manifestations, biochemical bone turnover markers, fracture history, and dual-energy X-ray absorptiometry 
(DXA) data were collected. Lumbar spine, total body less head (TBLH), and femoral bone mineral density 
(BMD) Z-scores were analysed using the first available DXA for each skeletal site. Reduced BMD was defined 
as Z-ǎŎƻǊŜ Җ ҍнΤ .a5 ƻŦ ǇŀǘƛŜƴǘǎ ǿƛǘƘ ƘŜƛƎƘǘ ғ-2 SDS was adjusted using BMAD. 

Results: {ƘƻǊǘ ǎǘŀǘǳǊŜ όƘŜƛƎƘǘ ғ ҍн {5{ύ ǿŀǎ ƻōǎŜǊǾŜŘ ƛƴ мнΦр҈ όƴҐпκонύΦ 5ŜƭŀȅŜŘ ŦƻƴǘŀƴŜƭƭŜ ŎƭƻǎǳǊŜ ŀƴŘ 
dental anomalies were present in 87.5% (n=28/32). ENT involvement (e.g. recurrent otitis, hearing 
impairment, chronic sinusitis) was reported in 37.5% (n=12/32). 

A history of bone fractures was documented in 37.5% of patients (n=12/32), including vertebral fractures 
fulfilling ISCD criteria for paediatric osteoporosis in a subset (n=5). Bisphosphonate therapy was 
administered in 9.4% of patients (n=3/32), all presenting with vertebral fractures. 

Bone turnover markers were available in a subgroup (n=8): alkaline phosphatase levels were below the age- 
and sex-specific mean in 62.5% (n=5/8); CTX in 57.1% (n=4/7); P1NP in 71.4% (n=5/7); osteocalcin in 100% 
(n=8/8), with values below the normal reference range in 37.5% (n=3/8). 

Lumbar spine BMD Z-scores were available in 31 patients, with reduced BMD or BMAD in 41.9% (n=13/31). 
TBLH-BMD Z-ǎŎƻǊŜǎ ǿŜǊŜ ŀǾŀƛƭŀōƭŜ ƛƴ нп ǇŀǘƛŜƴǘǎΣ ǿƛǘƘ ǾŀƭǳŜǎ Җ ҍн ƛƴ прΦу҈ όƴҐммκнпύΦ CŜƳƻǊŀƭ 5·! ǿŀǎ 
available in 7 patients, with reduced values in 3 cases (n=3/7). There was no statistically significant 
correlation between BMD Z-scores in each skeletal site and fractures: these parameters might not 
independently predict fracture risk. 
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Conclusions: This study represents one of the largest paediatric multicentre cohorts of CCD with integrated 
DXA, fracture, and bone turnover marker data. Our findings support routine DXA screening and structured 
bone health surveillance in patients with CCD, enabling early identification and prevention of osteoporosis-
related complications. 

Disclosure 

None declared 
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OC1.3 

Trabecular Bone Score is Associated with Increased Vertebral Fracture Risk in 

Pediatric Patients with Glucocorticoid-Induced Osteoporosis 

Funmbi Babalola1,2, Kristin Clemens2, Maya Scharke3, Michael Miller1, Scott Walker3, Hayley Patrick1, Ryley 
Yost1, Keira Stein1, Jinhu Ma4, Leanne Ward3 

1Children's Hospital, London Health Sciences Centre, London, Canada. 2University of Western Ontario, 
London, Canada. 3Children's Hospital of Eastern Ontario, Ottawa, Canada. 4McMaster University, Hamilton, 
Canada 

Abstract 

Objectives:  

Glucocorticoids (GCs), widely used to treat a variety of childhood conditions, are associated with increased 
vertebral fracture (VF) rates. In adults, DXA-based trabecular bone score (TBS) improved VF prediction 
compared to standard BMD by adding information about bone microarchitecture. We assessed the utility of 
TBS z-score (TBSz) alone and in combination with lumbar spine areal bone mineral density z-score 
(LSaBMDz) for predicting six-year cumulative VF incidence in GC-ǘǊŜŀǘŜŘ ŎƘƛƭŘǊŜƴ җр ȅŜŀǊǎ ŜƴǊƻƭƭŜŘ ƛƴ ǘƘŜ 
Canadaian STeroid-associated Osteoporosis in the Pediatric Population (STOPP) Study. 

Methods:  

TBS was calculated using Medimaps MCv19.4.0.2 (equivalent to TBS iNsight v4.0.2), with z-scores derived 
from available normative data. Lunar and Hologic DXA scans were analyzed separately. Logistic regression 
models assessed associations between baseline TBSz and LSaBMDz and six-year VF incidence; generalized 
mixed logistic regression models were fit to examine the influence of TBSz and LSaBMDz. Pearson 
correlation was used to assess associations between Spinal Deformity Index (SDI, sum of the Genant Grades 
from T4-L4) and TBSz. 

Results:  

226 participants were included (46.5% male); mean ± SD age was 10 ± 3.6 years at baseline. 128 of 
participants (56.6%) had Lunar scans and 98 (43.4%) had Hologic scans. At baseline, 10% of children had at 
least one VF, increasing to 22% by study end. 

aŜŀƴ ōŀǎŜƭƛƴŜ ¢.{Ȋ ǿŀǎ ҍлΦсл ҕ мΦмт ό[ǳƴŀǊύ ŀƴŘ ҍлΦлс ҕ лΦус όIƻƭƻƎƛŎύΦ .ŀǎŜƭƛƴŜ ¢.{Ȋ ŘƛŘ ƴƻǘ ǎƛƎƴƛŦƛŎŀƴǘƭȅ 
predict fractures over six-years in the Lunar group (p=0.223); however, in the Hologic group, a 1-unit 
increase in TBSz was associated with a 55% reduction in fracture risk over six years (OR 0.45; 95% CI 0.24ς
0.83). In regression models including TBSz and LSaBMDz, LSaBMDz significantly predicted fractures for 
Lunar (p=0.023), while TBSz was significant for Hologic (p=0.027). At baseline, TBSz was inversely correlated 
with SDI in both Lunar (r=-0.18, p=0.038) and Hologic (r=-0.27, p=0.008) groups. 

Conclusions:  

TBS is a promising tool for pediatric fracture risk assessment. Lower baseline TBSz was strongly correlated 
with higher VF burden. On Hologic scans, higher baseline TBSz was associated with lower VF incidence, 
independent of LSaBMD. Additional studies to validate these findings in other disease groups with high 
fracture rates are warranted. 

Disclosure 

None declared 
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OC1.4 

Comparison of Defective Mineral Patterning in XLH and Hyp mouse Bone by 2D 

and 3D Electron Microscopy 

Marc McKee1, Catherine Chaussain2,3,4, Agnes Linglart5,6, Natalie Reznikov1 

1McGill University, Montreal, Canada. 2University Paris Cite, Paris, France. 3University Sorbonne Paris Nord, 
Paris, France. 4Hospital Bretonneau, Paris, France. 5Bicetre Hospital, Paris, France. 6University Paris-Saclay 
INSERM, Paris, France 

Abstract 

Objectives:  

Previously we incorporated first principles of atomic/nanoscale mineral initiation and growth to develop a 
symmetry-breaking notion for bone mineralization called the Stenciling Principle. The notion describes a 
default condition where all connective tissues (starting embryonically) are first prevented from mineralizing 
by inhibitors. Subsequently, this is followed by cell/tissue-specific expression of enzymes that degrade the 
ƛƴƘƛōƛǘƻǊǎ ŀǘ ǎƪŜƭŜǘŀƭ ǎƛǘŜǎ ŀǎ ŀ ΨōƛƻƭƻƎƛŎŀƭ ǎǘŜƴŎƛƭƛƴƎΩ ƻŦ ƳƛƴŜǊŀƭƛȊŀǘƛƻƴΦ ¢Ƙƛǎ ŘƻǳōƭŜ-ƴŜƎŀǘƛǾŜ ΨƛƴƘƛōƛǘƛƴƎ-the-
ƛƴƘƛōƛǘƻǊǎΩ ǎŜǉǳŜƴŎŜ ƛǎ ƛƴƛǘƛŀƭƭȅ ŜƴŀŎǘŜŘ ōȅ ǎƳŀƭƭ ōƛƻƳƻƭŜŎǳƭŜǎ ǎǳŎƘ ŀǎ ǇȅǊƻǇƘƻǎǇƘŀǘŜΦ 9ƴȊȅƳŀǘƛŎ ǊŜƭŜŀǎŜ 
from inhibition (by TNAP degrading pyrophosphate) allows initiation of mineralization. This is followed by 
sustained regulation enacted by enzymatic degradation (by PHEX) of mineralization-inhibiting, calcium-
binding phosphoproteins such as osteopontin. Mineralization initiated at the atomic/nanoscale then 
extends towards the microscale, further regulated by the fibrous collagen extracellular matrix, and is 
patterned as a 3D Voronoi-type tessellation/tiling. Here, we use 2D and tomographic 3D X-ray and electron 
microscopy techniques to describe and compare the defective nanoscale-to-microscale mineralization 
patterning in XLH adolescent human bone to Hyp mouse bone.  

Methods:  

To provide comparative nano/microscale information on mineralization patterning in both XLH and Hyp 
lamellar bone, focused ion beam scanning electron microscopy (FIB-SEM) and conventional 2D electron 
microscopy methods were used to compare the defective bone mineralization. Results: Here we describe in 
the locally oriented collagen of healthy lamellar bone volumetric simulations and direct observations of 
mineral growth estimating a growth rate of 1.67× preferentially along the long axis direction of collagen. 
This mineralization growth process generates prolate ellipsoidal mineral aggregates called tesselles that 
pack closely with one another into a microscale tessellated/tiling pattern. A clear parallelism is 
demonstrated between local collagen fibril texture and the preferred direction of microscale mineral 
growth, expansion and patterning. This crossfibrillar mineral tessellation pattern is identically defective in 
both adolescent XLH human bone and Hyp mouse bone, where decreased serum phosphate and elevated 
inhibitory osteopontin both contribute to delayed and incomplete mineral tessellation of bone rendering it 
soft (hypomineralized/osteomalacic) and deformed.  

Conclusion.   

Electron microscopy methods resolve a 3D crossfibrillar tessellation pattern in lamellar bone which is 
similarly defective in XLH bone and the commonly used mouse model for XLH. 
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Disclosure 

Agnes Linglart (Kyowa Kirin) Marc McKee, Catherine Chaussain, Natalie Reznikov (no disclosures) 
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OC1.5 

From Cilia to Spine: How POC5 Mutations Shape AIS Pathophysiology? 

Pardis Behzadi1, Amani Hassan1,2, Hélène Mathieu1, Florina Moldovan1 

1CHU Sainte Justine, Universite de Montréal, Montreal, Canada. 2Divisions of Plastic Surgery and Surgical 
and Interventional Sciences, Department of Surgery, McGill University, Montreal, Canada 

Abstract 

OBJECTIVES: 
Adolescent idiopathic scoliosis (AIS) is a three-dimensional spinal deformity affecting approximately 3% of 
adolescents. Although its etiology remains unclear, genetic evidence increasingly implicates dysfunction of 
primary cilia and centrosomes, particularly involving variants of the POC5 centriolar protein. This study 
aimed to define the cellular, skeletal, and organismal consequences of POC5 mutations and clarify their 
contribution to AIS pathogenesis. 

METHODS: 
We combined in vitro cellular analyses with in vivo vertebrate models. Subcellular localization, proteinς
protein interactions, ciliary morphology, and cellȤcycle progression were examined in cells overexpressing 
wild-type POC5 or the AIS-associated variant POC5A429V, as well as in osteoblasts derived from AIS 
patients. Immunoprecipitation coupled with mass spectrometry identified interaction partners, while 
ƛƳƳǳƴƻƭŀōŜƭƛƴƎ ǿƛǘƘ ŀŎŜǘȅƭŀǘŜŘ ʰȤtubulin assessed ciliary integrity. Functional consequences were further 
evaluated in zebrafish lossȤofȤfunction models and CRISPR/Cas9-generated Poc5 mutant mouse lines 
through histology, immunohistochemistry, and analyses of skeletal phenotype, osteogenic differentiation, 
proliferation, and ciliogenesis. 

RESULTS: 
Mutation of POC5 altered centrosomal localization, induced ciliary retraction, and disrupted interactions 
with multiple ciliary and cytoskeletal proteins. Cells expressing POC5A429V showed impaired cellȤcycle 
progression with accumulation in SȤphase, reduced proliferation, and defective osteogenic differentiation. 
In zebrafish, retinal abnormalities were localized to the ganglion cell layer and cone photoreceptors. In 
mice, Poc5 mutations caused defective ciliogenesis, impaired boneȤrelated cellular functions, hepatic 
steatosis in ciliated tissues, and a moderate threeȤdimensional spinal deformity in a doubleȤmutant line. 

CONCLUSIONS: 
POC5 mutations produce convergent defects in centrosome function, primary cilia structure, cellȤcycle 
regulation, and osteogenic activity. These findings support a model in which ciliopathyȤrelated mechanisms 
contribute to AIS, with skeletal manifestations influenced by biomechanical context. POC5-dependent 
ciliary pathways therefore represent promising targets for mechanistic investigation into AIS pathogenesis. 

Supported by Fondation Yves Cotrel- Institut de France 

Disclosure 

None declared 
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OC2.1 

Efficacy and Safety of Alkaline Phosphatase (ALP) Enzyme Replacement Therapy 
(ERT) Efzimfotase Alfa in Children with Hypophosphatasia (HPP): Results of 
MULBERRY and CHESTNUT as Part of a Three-trial Phase 3 Clinical Program 

Jill H Simmons1, Chunxiu Gong2, Lothar Seefried3, Jawad Hasan4, Xiaoyu Jiang5, Anna Petryk6, Damien 
Simoneau7, Hiroaki Wuebbenhorst8, Derek Dunn9, Aneal Khan10, Kathryn M Dahir1, Raja Padidela11,12 

1Vanderbilt University Medical Center, Nashville, USA. 2Beijing Children's Hospital, Beijing, China. 
3University of Wuerzburg, Wuerzburg, Germany. 4Global Patient Safety, Alexion Rare Disease, AstraZeneca, 
Boston, USA. 5Biostatistics, Alexion Rare Disease, AstraZeneca, Boston, USA. 6Global Medical Affairs, Alexion 
Rare Disease, AstraZeneca, Boston, USA. 7Global Medical Affairs, Alexion Rare Disease, AstraZeneca, Baar, 
Switzerland. 8Clinical Development, Alexion Rare Disease, AstraZeneca, Barcelona, Spain. 9Clinical 
Development, Alexion Rare Disease, AstraZeneca, Boston, USA. 10M.A.G.I.C. (Metabolics and Genetics in 
Canada) Clinic, Alberta, Canada. 11Royal Manchester Children's Hospital, Manchester, UK. 12Faculty of 
Biology Medicine and Health, University of Manchester, Manchester, UK 

Abstract 

Objectives: To evaluate the efficacy and safety of efzimfotase alfa (EFZ), an investigational ALP ERT for HPP. 

Methods: MULBERRY was a placebo-controlled double-blind study in ERT-naive children aged 2ς<12 years. 
CHESTNUT was an active-controlled open-label switch study from asfotase alfa in children aged 2ς<12 
years. EFZ dosing was subcutaneous every 2 weeks; efficacy endpoints were change from baseline to Week 
25. 

Results: MULBERRY (EFZ: 19 patients; placebo: 10) met its primary endpoint, achieving statistically 
significant, clinically meaningful improvement in bone health by Radiographic Global Impression of Change 
Scale (RGI-C) (median +1.67 [EFZ] versus 0.00 [placebo]; median-difference: 1.67; 95%CI: 0.66, 2.00; 
P=0.0003). Rickets Severity Score (RSS; key secondary endpoint) significantly improved with EFZ (median: ς
1.00 [EFZ] versus 0.00 [placebo]; median-difference: ς1.00; 95%CI: ς2.00, ς0.33; P=0.0008). Functional and 
quality-of-life secondary endpoints significantly improved with EFZ: PODCI Global Function Score (median-
difference: 9.00; 95%CI: 1.00, 22.00; nominal P=0.0234), BOT-2 Strength and Agility composite standard 
score (median-difference: 7.00; 95%CI: 0.00, 16.00; nominal P=0.0384), and EQ-5D-Y/EQ-5D-Y Proxy 
Version 1 Health Index score (median-difference: 0.14; 95%CI: 0.01, 0.24; nominal P=0.0196). 

CHESTNUT (EFZ: 21; asfotase alfa: 22) met its primary endpoint of similar incidence of Treatment Emergent 
Adverse Events (90.5% and 86.4%, respectively) with a favorable safety profile, confirming the safety of 
switching from asfotase alfa to EFZ. Secondary endpoints showed maintained bone health with EFZ after 
switch using RGI-C (median: 0.00 [EFZ] versus 0.00 [asfotase alfa]; median-difference: 0.00) and using RSS 
(median: 0.00 [EFZ] versus ς0.08 [asfotase alfa]; median-difference: 0.08; 95%CI: ς0.17, 0.32). 

Additionally, in the third Phase 3 study of this clinical program, HICKORY (placebo-controlled, double-blind 
ǎǘǳŘȅ ƛƴ ǇŀǘƛŜƴǘǎ җмн ȅŜŀǊǎύΣ 9C½ ǎƘƻǿŜŘ ƴǳƳŜǊƛŎŀƭ ƛƳǇǊƻǾŜƳŜƴǘ ǾŜǊǎǳǎ ǇƭŀŎŜōƻ ŦƻǊ ǘƘŜ ǇǊƛƳŀǊȅ ŜƴŘǇƻƛƴǘ 
(6-Minute Walk Test) without statistical significance. Among other secondary endpoints, Functional 
Assessment of Chronic Illness Therapy-Fatigue (FACIT-Fatigue) showed nominally significant improvements. 

A lower percentage of patients experienced injection site reactions with EFZ versus registrational asfotase 
alfa studies. 

Conclusions: EFZ demonstrated positive results in a broad HPP patient population with a favorable safety 
profile (Table). 
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Abstract 

Objectives: Achondroplasia is a skeletal dysplasia condition characterized by disproportionate short stature 
and caused by pathogenic variants in FGFR3. Infigratinib, an orally bioavailable FGFR1ς3 selective tyrosine 
kinase inhibitor, downregulates key pathways in the pathogenesis of achondroplasia. 

Methods: In this phase 3, multicenter, double-blind, placebo-controlled trial (PROPEL 3, NCT06164951), 
children with achondroplasia were randomized to receive infigratinib at 0.25 mg/kg or placebo once daily 
for 52 weeks. The primary endpoint was change from baseline in annualized height velocity (AHV) at week 
52. Key secondary endpoints were change from baseline in height z-score and change from baseline in 
upper-to-lower body segment ratio at week 52. 

Results: A total of 114 participants underwent randomization in a 2:1 ratio to receive infigratinib or 
placebo. The difference between infigratinib and placebo in the least-squares mean change from baseline 
to week 52 was 1.74 cm/year (p<0.0001) for AHV, and 0.32 (p<0.0001) for height z-score. A trend toward a 
reduction in upper-to-lower body segment ratio was observed, which was most pronounced in the 
subgroup of children aged 3 to <8 years. Adverse events were comparable between infigratinib and placebo 
groups. There were no serious adverse events or discontinuations that were deemed treatment related. 

Conclusions: In children with achondroplasia, treatment with once-daily oral infigratinib for 52 weeks led to 
significant increases in AHV and height z-score compared to placebo, and a trend toward improvement in 
upper-to-lower body segment ratio. Infigratinib was well-tolerated with no safety concerns identified. 
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Abstract 

OBJECTIVES: Skeletal growth is accompanied by significant changes in the bone marrow microenvironment, 
particularly bone marrow adipose tissue (BMAT) expansion, yet whether these changes differ between 
sexes during this period remains poorly understood. We hypothesized that sex-specific differences in BMAT 
alongside bone microstructure would emerge during skeletal growth in healthy C57BL/6 mice. 

METHODS: Twenty C57BL/6 mice were euthanized at 9 and 12 weeks of age (n=5 per sex per age), 
corresponding to a period of skeletal growth and maturation. BMAT was measured by OsO4 staining of the 
tibia, quantified as fat volume fraction within the marrow compartment (Fig.1A). Bone marrow lipids were 
extracted from femurs and analyzed by liquid chromatography-tandem mass spectrometry (LC-MS/MS), 
yielding 828 high-confidence lipid annotations. Trabecular bone parameters (BV/TV, Tb.N, Tb.Th, Tb.Sp, 
BMD) of the proximal tibial metaphysis were additionally assessed by micro computed tomography at 10 
µm resolution. Statistical significance was defined as p<0.05. 

RESULTS: Whole bone BMAT increased significantly in females but decreased in males between 9 and 12 
weeks, while the distal region showed no significant changes in either sex (Fig.1B). Concurrently, females 
showed a greater decline in BV/TV, Tb.N, and BMD between 9 and 12 weeks, while Tb.Sp increased 
significantly with age in both sexes (Fig.1C). Lipidomics revealed broad lipid compositional changes 
accompanying skeletal growth, with 211 high-confidence lipids increasing between 9 and 12 weeks in both 
sexes, primarily phosphatidylethanolamine (n=48), sphingomyelin (n=25), phosphatidylcholine (n=23), and 
ceramide (n=20). No sex differences in the lipidome were detected at 9 weeks, while at 12 weeks 69 lipids 
differed, with triacylglycerols (n=7) and diacylglycerols (n=17) elevated in females, consistent with greater 
whole bone BMAT expansion. 

CONCLUSIONS: The emergence of sex-specific differences in both whole bone BMAT and the bone marrow 
lipidome at 12 weeks suggests these changes are linked, driven by divergent sex-specific biology during 
later growth. Notably, females showed greater trabecular bone decline coinciding with BMAT expansion, 
consistent with their known inverse relationship. These findings help establish a normal developmental 
baseline, essential for understanding how disruptions during growth may contribute to long-term skeletal 
disease risk. Given that osteoporosis disproportionately affects women, understanding these sex-specific 
developmental patterns is particularly relevant. 
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Figure 1. Growth- and sex-dependent changes in trabecular bone, bone marrow adipose tissue (BMAT), and 
the bone marrow lipidome in healthy C57BL/6 mice. (A) Representative µCT image of the tibia illustrating 
the three skeletal regions of interest: proximal metaphysis, diaphysis, and distal. (B) Whole bone BMAT 
fraction (%) at 9 and 12 weeks in female and male mice. (C) Trabecular bone volume fraction (BV/TV) at 9 
and 12 weeks in female and male mice. 
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Abstract 

Objectives:  

Achondroplasia (ACH) is a multi-system condition which results in disproportionate short stature, functional 
challenges and serious medical complications. Infants with ACH have an increased risk for death related to 
critical foramen magnum stenosis, which has been detected as early as the third trimester. An autosomal 
dominant mutation in Fibroblast Growth Factor Receptor 3 (FGFR3) causes ACH. FGFR3 gain-of-function 
mutations impair endochondral bone formation by disrupting both chondrogenesis and osteogenesis. 
Dabogratinib (formerly TYRA-300), a selective oral FGFR3 inhibitor, recently demonstrated improved 
growth when treated from 1 day old for 15 days in the Fgfr3Y367C/+ mouse model which mimics the 
phenotype of ACH (Starrett et al., 2025). While these results represent promising therapeutic potential, the 
current study addresses whether additional improvement could result from initiating treatment before 
birth. 

Methods:  

Dabogratinib was administered daily at a 2.7 mg/kg dose in pregnant mice from embryonic day 14.5 
through birth, which models the third trimester in mice, then administered to Fgfr3Y367C/+ neonates at a 1.2 
mg/kg dose from 1 day after birth for 15 days. 

Results:  

Dabogratinib treatment of Fgfr3Y367C/+ mice resulted in a 37.4% increase in the length of the tibias and 
26.3% increase in the femurs, compared with vehicle-treated Fgfr3Y367C/+ mice. The increase in long bone 
size is greater when mice are treated in utero, confirming that dabogratinib crosses the placental barrier. 
Importantly, µCT analyses showed a significant effect of dabogratinib treatment on the area of the foramen 
magnum (+35.1%) and synchondroses. Analysis of the intraoccipital synchondrosis anterior revealed that 
while vehicle-treated mice had prematurely fused synchondroses, dabogratinib treatment resulted in open 
intraoccipital synchondroses (10/11 mice). We also observed reduced premature fusion of the spheno-
occipital synchondroses. 

Conclusions:  

This study demonstrates that inhibiting FGFR3 prenatally can further increase bone growth in 
Fgfr3Y367C/+ mice. Most importantly, prenatal plus postnatal treatment resulted in a greater increase in the 
area of the foramen magnum and opening of the synchondroses compared to postnatal treatment alone. 
Dabogratinib is currently being evaluated in a Phase 2 trial in children ages 3-10 with ACH, BEACH301 
(NCT06842355). These results suggest that earlier treatment may positively impact foramen magnum 
stenosis in infants with ACH. 

 

Figure. Increased foramen magnum area and reduced premature fusion (*) of intraoccipital synchondrosis 
anterior (IOSA) were observed with dabogratinib treatment. 
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Abstract 

Objectives:  

In children with achondroplasia, disproportionate and reduced growth contribute to lower extremity 
malalignment, which is often associated with pain, altered mobility, and need for surgical intervention. 
Navepegritide, an investigational prodrug of C-type natriuretic peptide (CNP) administered once-weekly by 
subcutaneous injection, is designed to provide sustained release and continuous exposure of active CNP to 
counteract constitutively active fibroblast growth factor receptor 3 (FGFR3) signaling in achondroplasia. In 
the pivotal randomized, double-blind, placebo-controlled ApproaCH Trial, children treated 
with navepegritide for 52 weeks had superior annualized growth velocity (AGV) versus placebo (primary 
endpoint), and improved proportional growth and radiographic alignment in the lower extremities. Here we 
report radiographic outcomes at 104 weeks. 

Methods:  

ApproaCH enrolled 84 children (aged 2-11 years) with achondroplasia. Participants were randomized 2:1 to 
receive navepegritide 100 mg/kg/week (n=57) or placebo (n=27) for 52 weeks, followed by 52 weeks of 
navepegritide treatment for all participants during the open-label extension (OLE). As an exploratory 
endpoint, lower extremity radiographs were assessed annually by blinded central readers using a pre-
specified measurement protocol. 

Results:  

Continued improvements in indices of lower extremity alignment were observed during the OLE, with 
decreased mean tibial-femoral angle (TFA) in children continuing navepegritide treatment, as well as those 
who switched from placebo to navepegritide at Week 52 (Table). The TFA improvement in the placebo-
navepegritide group in the OLE was in line with navepegritide-related improvements observed at Week 52. 
9ǾŜƴ ƎǊŜŀǘŜǊ ŎƻǊǊŜŎǘƛƻƴ ǿŀǎ ŜǾƛŘŜƴǘ ƛƴ ŎƘƛƭŘǊŜƴ ǿƛǘƘ ǇǊŜŜȄƛǎǘƛƴƎ ƎŜƴǳ ǾŀǊǳƳ ό¢C! җрϲύΦ Lƴ ǘƘŜ ǎǳōƎǊƻǳǇ ƻŦ 
children with preexisting genu varum at trial baseline, mean TFA was reduced from 13.3° at baseline to 8.0° 
after 104 weeks of navepegritide treatment. During the OLE, fibula-to-tibia length ratio remained stable in 
the overall population, reflecting proportional growth of the lower leg. 

 

 



21 

Conclusions:  

In the ApproaCH Trial, weekly administration of navepegritide continued to improve lower limb alignment 
in children with achondroplasia through Week 104, with greater effects in those with more pronounced 
genu varum. These findings suggest that through continuous systemic exposure to active CNP, 
navepegritide may address features of skeletal dysplasia that contribute to major health-related 
complications associated with achondroplasia. 
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Abstract 

Objectives: Previous studies have found that achondroplasia (ACH), the most common skeletal dysplasia, is 
associated with reduced health-related quality of life (HRQoL) throughout the lifespan of affected 
individuals. HRQoL findings from children with ACH enrolled in the observational PROPEL study are 
presented. 

Methods: PROPEL is a global, prospective, observational study that enrolled children aged 2.5 to <17 years 
at study entry with a confirmed diagnosis of ACH across Asia, Australia, Europe, North America, and South 
America. Participants were followed for a minimum of 6 months and a maximum of 2 years and were 
potentially eligible to screen for interventional studies with oral infigratinib after completing at least 6 
months of observation. HRQoL was assessed using PedsQL, QoLISSY, Pain-NRS, and WeeFIM questionnaires 
completed by children, parents, or caregivers at baseline and every 6 months thereafter until completion of 
PROPEL. HRQoL outcomes were summarized using descriptive statistics. 

Results: Among the 259 children enrolled, 135 (52.1%) were male and 124 (47.9%) were female, and the 
median (range) age was 6.5 years (2.4ς14.6). Children and parents reported reduced HRQoL scores at 
baseline relative to published data from average-stature populations across instruments, and scores 
remained generally stable during the observational period (Table). Physical domains were scored lower 
than emotional and social domains by both children and parents. Parent-reported scores were lower than 
child-reported scores for PedsQL and QoLISSY, whereas children reported higher pain severity than parents 
on the Pain-NRS. WeeFIM scores were generally high for cognition and mobility, with lower scores 
observed in the self-care domain. 

Conclusions: Children with ACH were found to have reduced HRQoL across multiple patient-reported 
instruments, with the physical domain most affected. Differences between child self-reports and parent 
proxy-reports were evident. These findings are directionally consistent with published literature and 
contribute to the expanding evidence base describing HRQoL in children with ACH. Interpretation of the 
longitudinal stability in HRQoL scores is limited by short observational follow-up and rollover into 
interventional studies, which may have constrained the ability to assess changes over time. Nevertheless, 
these results provide important contextual baseline data for interpreting future HRQoL outcomes in 
children treated with infigratinib. 

Table 

Instrument, mean scores Domain Baseline Month 6 End of Study 
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PedsQLa (Child) Total score 72.0 72.6 71.7 

 Physical functioning 69.6 70.8 68.6 

 Emotional functioning 72.5 72.4 73.4 

 Social functioning 76.2 78.6 79.2 

 School functioning 71.0 69.8 67.0 

PedsQLa (Parent) Total score 68.6 67.5 66.6 

 Physical functioning 62.3 63.3 63.2 

 Emotional functioning 71.0 67.7 67.9 

 Social functioning 77.9 76.1 74.2 

 School functioning 66.7 66.0 63.0 

QoLISSYa (Child) Total score 63.6 64.6 67.6 

 Physical 57.8 57.1 61.4 

 Emotional 69.4 70.7 73.2 

 Social 63.8 65.9 68.2 

QoLISSYa (Parent) Total score 50.5 52.7 53.0 

 Physical 39.0 42.3 41.8 

 Emotional 61.7 61.5 63.3 

 Social 50.8 54.4 54.2 

Pain-NRSb (Child) N/A 1.9 1.9 1.7 

Pain-NRSb (Parent) N/A 1.2 1.3 1.2 

WeeFIMa Total score 81.9 84.4 85.0 

 Cognition 92.2 93.6 94.0 

 Mobility 83.8 85.7 85.9 

 Self-care 69.6 73.9 75.0 
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N/A, not applicable. aScores can range from 0 to 100 (higher scores indicate better quality of life); bScores 
can range from 0 (not pain at all) to 10 (worst pain possible). 
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Abstract 

Background:  

Aneurysmal Bone Cysts (ABCs) are benign but destructive tumours of osteoclast-like cells with high RANK 
receptor expression. Denosumab is a biologic drug which inhibits osteoclast maturation and has been used 
to treat ABCs which are not amenable to surgical intervention. 

Presenting Problem:  

Denosumab use in patients younger than 18 years has been restricted due to the risk of severe rebound 
hypercalcaemia. 

Clinical Management:  

We used Zoledronate (0.05mg/kg IV) to stabilise calcium metabolism prior to initiating Denosumab 
treatment, every 6 months during treatment, and once more following the final Denosumab dose. 
Denosumab was given in 60mg subcutaneous injections every month which was extended to two- or three-
monthly intervals, depending on tumour response. Calcium metabolism was closely monitored 
biochemically, and tumour status was monitored clinically and radiologically. 

We have now treated 21 paediatric patients (age at start of treatment 7.5 ς 17.5 years, median 14.7 years). 
Diagnoses were confirmed by our multidisciplinary team in all cases, through clinical and radiological 
examination, and additionally by histology in 11 patients. All patients reported rapid symptom relief, 
usually from the first Zoledronate infusion, with further relief from the first Denosumab dose. All patients 
showed radiological response, including two patients in whom the ABC diagnosis was subsequently revised 
to sarcoma. All treatment has now been stopped in 11 patients (median duration off-treatment 4 years). 
The two sarcoma patients had further treatment with chemotherapy and surgery but the initial response to 
Denosumab was satisfactory. Three other patients had further treatment (sclerotherapy, radio-ablation and 
curettage respectively), all with good outcomes. 

Adverse effects, in the form of pathological fracture and hypercalcaemia, occurred in the first four patients 
we treated. These have not occurred in the last 2 years, as we have optimised our treatment protocol by 
reducing the dose of Denosumab and ensuring regular Zoledronate infusions. 

Discussion:  

Denosumab combined with Zoledronate is effective in treating ABCs whilst mitigating rebound 
hypercalcaemia. Medical management is successful as a standalone treatment in most patients, and acts as 
a safe adjunct for other interventions, such as surgery or sclerotherapy. Long-term surveillance is required 
to detect tumour recurrence or adverse effects of this novel but promising treatment protocol. 
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Abstract 

OBJECTIVES: 

Fibrous dysplasia (FD) is a mosaic disorder associated with fractures, pain, and deformities. Bone lesions 
appear in early childhood and expand during skeletal growth, before reaching final disease burden in 
adulthood. Growing evidence supports that the pro-osteoclastic factor RANKL plays a pivotal role in FD 
pathogenesis, and that the RANKL inhibitor denosumab can reduce lesional activity in adults. However, it is 
unknown if denosumab can prevent FD expansion in children. Additionally, pediatric denosumab trials have 
been limited by post-treatment rebound, resulting in life-threatening hypercalcemia in patients with high 
bone turnover disorders and open growth plates. This study evaluated the safety and efficacy of 
denosumab to prevent FD lesion progression in children. 

METHODS: 

15 children (age 5-14) were treated with denosumab for 48-weeks followed by a 28-week post-
discontinuation monitoring period. Dosing ranged between 0.25-0.7 mg/kg monthly. The primary endpoint 
was change in FD progression over 48 weeks compared to untreated historical controls. All patients 
received oral calcium +/- calcitriol while on-treatment, and all received zoledronate at weeks 4 and 8 post-
denosumab discontinuation. 

RESULTS: 

Denosumab treatment was associated with a marked decline in Skeletal Burden Score (median -7.54 
units/year, IQR-9.36 to -0.76), in contrast to controls who showed a median increase of 2.12 units/year (IQR 
0.81 to 2.94), p=<0.01. Bone turnover markers were elevated at baseline and declined post-treatment: CTX 
-74.8% (50.7-83.0%, p=<0.0001), P1NP -78.4% (64.9-85.8%, p=<0.0001), alkaline phosphatase -63.3% (58.3-
76.5%, p=<0.0001). While on denosumab, 8 patients developed mild asymptomatic calcium disturbances (8 
with hypocalcemia and 4 with hypercalcemia), which resolved with changes in oral supplements. At the end 
of the post-discontinuation monitoring period, bone turnover markers returned to pre-treatment baseline. 
Post-discontinuation, 4 patients developed mild asymptomatic hypercalcemia (10.5-11 mg/dL), which 
resolved with small interval doses of denosumab. All treatment-related adverse events were mild, and 
none resulted in treatment or trial withdrawal. 

CONCLUSIONS: 

Denosumab treatment in children with FD was well-tolerated and associated with improvement in Skeletal 
Burden Score compared to historical controls. Denosumab was safely discontinued without clinically 
significant disturbances in calcium. Results from this trial support that denosumab is a safe and effective 
treatment strategy to prevent FD lesion progression in children. 

Figure 1.pdf 
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Abstract 

Background/Objectives: 
Calcium deprivation evolves to nutritional rickets/osteomalacia. Therefore, detection of early biochemical 
and radiological signs is essential. Histologic confirmation of rickets is almost never available in clinical 
practice, and the extent to which biochemistry or radiology reflect true growth plate pathology remains 
unclear. Moreover, subtle radiologic findings such as ulna lucency (UL) are regarded as physiologic in 
infants, and their clinical significance remains uncertain. We aimed to evaluate concordance between 
imaging, biochemical markers, and histologic rickets in a paired post-mortem cohort. 

Methods: 
Thirty-one, predominantly Caucasian and formula-fed infants (median age 75 days; 19 male) with 
contemporaneous radiographs and rib growth plate histology were analyzed. Subjects with suspected bone 
pathology were excluded. Radiology and histology were independently rated by two reviewers. Histologic 
rickets was ŘŜŦƛƴŜŘ ǳǎƛƴƎ ǎƛȄ ǇǊŜŘŜŦƛƴŜŘ ǎǘǊǳŎǘǳǊŀƭ ŎƻƳǇƻƴŜƴǘǎΤ ŎŀǎŜǎ ǿŜǊŜ ŎƭŀǎǎƛŦƛŜŘ ŀǎ ǇƻǎƛǘƛǾŜ ƛŦ җн 
components were present. Radiologic rickets severity score (RSS) and UL were recorded. 25-
hydroxyvitamin-D (25OHD) (n=21/31) was analysed by LCςMS/MS at a DEQAS accredited laboratory. 
wŀŘƛƻƎǊŀǇƘƛŎ ŀōƴƻǊƳŀƭƛǘƛŜǎ όw{{җ м ŀƴŘκƻǊ ¦[ύΣ ōƛƻŎƘŜƳƛŎŀƭ нрhI5 ŘŜŦƛŎƛŜƴŎȅ όғол ƴƳƻƭκ[ύ ŀƴŘ ŎƻƳōƛƴŜŘ 
pathology were assessed as predictors of histologic disease. Sensitivity and specificity were calculated 
relative to histologic rickets using contingency tables, with 95% confidence intervals derived from exact 
binomial estimates. 

Results: 
Inter-ǊŀǘŜǊ ǊŜƭƛŀōƛƭƛǘȅ ǿŀǎ ƘƛƎƘ ŦƻǊ ƘƛǎǘƻƭƻƎȅ όƳŜŀƴ ˁ Ґ лΦтфύ ŀƴŘ ǎǳōǎǘŀƴǘƛŀƭ ŦƻǊ ǊŀŘƛƻƭƻƎƛŎ ŦŜŀǘǳǊŜǎ w{{κ¦[ 
όууΦф҈ ŀƎǊŜŜƳŜƴǘΤ ˁ Ґ лΦтоύΦ IƛǎǘƻƭƻƎƛŎ ǊƛŎƪŜǘǎ ǿŀǎ ƛŘŜƴǘƛŦƛŜŘ ƛƴ мтκом ǎǳōƧŜŎǘǎΦ 5ƛŀƎƴƻǎǘƛŎ ǇŜǊŦƻǊƳŀƴŎŜ 
varied across markers (Table 1): RSS alone showed very low sensitivity (12%) but perfect specificity (100%), 
whereas UL demonstrated higher sensitivity (53%) with preserved specificity (93%). Combining RSS and UL 
did not alter performance. A combined radiologic and biochemical classifier improved sensitivity (68%) with 
modest reduction in specificity (86%). UL was significantly associated with histologic rickets (odds ratio 
мпΦсоΤ CƛǎƘŜǊΩǎ ŜȄŀŎǘ ǇҐлΦллфύΦ 

Conclusions: 
Histologic rickets was far more prevalent than identified by radiologic or biochemical criteria. Subtle 
structural finding of ulna lucency may represent a meaningful disease marker rather than being a 
physiologic variant. Imaging and biochemical measures incompletely capture early skeletal pathology, but 
combining modalities improved diagnostic accuracy, supporting a multimodal approach to identifying early 
rickets. 
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Table 1: Diagnostic performance of radiology and biochemistry relative to gold standard histology in 
detecting rickets 

Marker n Sensitivity (95% 

CI) 
Specificity 
(95% CI) 

Rickets Severity Score (RSS) 31 12% (1ς36%) 100% (77ς
100%) 

Ulna lucency (UL) 31 53% (28ς77%) 93% (66ς
100%) 

Any radiologic abnormality (RSS + 
UL) 

31 53% (28ς77%) 93% (66ς
100%) 

Radiologic + biochemical 

abnormality 
21 68% (43ς87%) 86% (57ς98%) 
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Abstract 

Objective: 

Bone marrow adipocytes (BMAs) are a unique fat cell type that expand after birth and with diseases. Like 
osteoblasts BMAs originate from mesenchymal stem cells and might critically influence bone homeostasis 
as their development is inversely related to bone formation. Osteogenesis Imperfecta (OI) is an inherited 
bone fragility disorder predominantly caused by defects in type I collagen resulting in compromised 
osteogenesis. Whether an imbalance between marrow adipogenesis and osteoblastogenesis contributes to 
the OI phenotype remains unclear. We therefore reexamined bone biopsies from children with OI type I 
and healthy controls, quantifying adipocytes as an additional histomorphometric parameter. 

Material and Methods: 

We evaluated adipocyte number and area in the bone marrow area along with histomorphometric 
bone formation indices on 3-5µm-thick Goldner-stained undecalcified histological sections from 10 
children with OI (four quantitative, one qualitative, one splice mutation, mean age: 8.7 years, 
range: 2.6-14.8 years) and 10 healthy controls (mean age 8.5 years, range: 2.0-13.6 years, p=0.92). 
For adipocyte analysis, optical images (1.5 mm2, n=3) were examined using ImageJ and the 
BioVoxxel Toolbox to detect adipocytes (minimal size: 520 µm2), to calculate the adipocyte area 
relative to the bone marrow area, and to determine adipocyte density per mm². 

Results: 

Adipocytes were present in all OI samples and in 8 out of 10 control samples (none were observed in 
samples from a 2.1 and an 8.8-year-old child). The median adipocyte area relative to the bone marrow area 
was 6.7 times higher in OI than in controls but values were more variable (15.61%, range: 0.13% - 47.10%; 
versus 2.3%, range: 0.00% -24.54%, p=0.042). While adipocyte size measures (area, perimeter and 
diameter) were numerically greater in OI, high inter-individual variability meant these differences were not 
statistically significant. Across both groups, adipocyte area strongly correlated with adipocyte density 
(Spearman r=0.94, p<0.0001), but not with age or indices of bone formation (adipocyte area versus ObS/BS, 
Spearman r=0.40, p=0.07). 

Conclusions: 

Our bone biopsy study revealed a wide range of marrow adipocyte levels in healthy children, and even 
more variation in those with OI. The complex relationship between bone formation and marrow 
adipogenesis in both groups warrants further investigations. 

 

Disclosure 

None declared 

 



30 

OC4.2 

Craniofacial Effects of Zoledronic Acid in a Mouse Model of Severe Osteogenesis 

Imperfecta 

Annika Lavoie1, Juliana Marulanda1,2, Frank Rauch1,2 

1McGill University, Montreal, Canada. 2Shriners Hospital for Children, Montreal, Canada 

Abstract 

Objectives:  

Moderate to severe osteogenesis imperfecta (OI) is associated with dysplasia of craniofacial bones, leading 
to malocclusion, temporomandibular joint dysfunction and pain. Intravenous bisphosphonates are the 
standard of care in children with moderate to severe OI, but the effect of this therapy on the craniofacial 
skeleton is unclear. This study therefore assessed the effects of zoledronic acid (ZA) on craniofacial bones in 
Col1a1Jrt/+ mice, a model of severe dominant OI. 

Methods:  

OI mice and wild-type (WT) littermates, both male and female, received subcutaneous injections of ZA (50 
µg/kg, 3x/week) or placebo from 4-10 weeks of age, an age range with rapid skeletal development (n=12-13 
mice per group). After euthanasia, skulls were scanned using micro-computed tomography at an isotropic 
voxel size of 10 µm. Linear measurements were performed using 30 pre-established landmarks in 
SkyScan DataViewer. Microarchitecture was quantified in SkyScan CT Analyzer, Version 1.16.1.0. Group 
differences were assessed using a two-ǿŀȅ !bh±! ŀƴŘ {ƛŘŀƪΩǎ Ǉƻǎǘ ƘƻŎ ǘŜǎǘ ŦƻǊ ƳǳƭǘƛǇƭŜ ŎƻƳǇŀǊƛǎƻƴǎ ƛƴ 
GraphPad Prism, Version 10.6.2. 

Results: 

OI mice had reduced transverse skull dimensions (bi-temporal distance: -6%, p<0.0001) and mandibular 
dimensions (effective mandibular length: -5%, p<0.0001). ZA treatment had no effect on these dimensions. 
The height/width ratio of mandibular condyles was significantly reduced in OI mice compared to WT 
littermates (-10%, p=0.05), resulting in a flattened condylar morphology (Figure 1C). This phenotype was 
rescued by ZA treatment (Figure 1D). OI mice receiving control injections had a high prevalence (42%, 
n=5/12) of unilateral morphological abnormalities of the mandibular condyle and surrounding temporal 
squamous bone, including enlargement and deformation (Figure 1E). These abnormalities were not 
observed in WT mice or in OI mice receiving ZA. OI mice had reduced BV/TV at the calvaria (-25%, 
p=0.0001), mandible (-41%, p=0.0007) and mandibular condyle (-17%, p=0.04). ZA treatment was 
associated with increased BV/TV of OI mice only at the mandibular condyle (+29%, p=0.001). 

Conclusions:  

ZA treatment had beneficial effects on the craniofacial skeleton of OI mice. However, improvements 
seemed to be limited to sites of endochondral ossification, such as the mandibular condyle, whereas 
intramembranous ossification sites appeared to be relatively resistant to ZA exposure. 
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Abstract 

Objectives:  

Osteogenesis imperfecta (OI) is a heterogenous type 1 collagenopathy characterized by fragile 
bones, decreased bone mass, and shorter stature. Currently, bisphosphonates are used to manage 
moderate-to-severe OI in children because they are known to reduce fracture incidence, yet they 
do not increase growth velocity. C-type natriuretic peptide (CNP) is produced in the growth plate 
and positively regulates linear bone growth; an unpublished study by Bober found that people 
with OI have a reduced level of CNP. This study investigates if administering the CNP analog as 
adjuvant treatment with a standard bisphosphonate (alendronate (ALN)) will reduce fracture 
incidence while increasing bone growth and improving bone mineral density (BMD) in growing 
oim/oim (OIM) mice. 

Methods:  

Two-week-old OIM female mice (N=42) were divided into three groups: mice receiving saline 
controls (N=8), CNP 20 ug/kg x 5 days/week alone (N=17) or CNP 20 ug/kg x 5 days/week + weekly 
ALN (N=17). Faxitron images were taken at 2, 8, and 14 weeks (sacrifice) to assess fracture 
incidence and measure femoral length and vertebral height. Microcomputed tomography was 
used to assess bone microstructural parameters. 

Results:  

At post-sacrifice, the CNP + ALN group had a 98.66% reduction of fracture incidence, the CNP 
alone group decreased 90.32%, and the control group decreased 77.78%. Femoral length was 
increased in both treatment groups (CNP alone: 6.31% increase, CNP + ALN: 6.23%) compared to 
controls. Vertebral height increased in both treatment groups (CNP alone :6.94%, CNP + ALN: 
сΦуф҈ύ ǊŜƭŀǘƛǾŜ ǘƻ ŎƻƴǘǊƻƭǎΦ .ƻǘƘ ǘǊŜŀǘƳŜƴǘ ƎǊƻǳǇǎ ƛƴŎǊŜŀǎŜŘ ƛƴ ǘǊŀōŜŎǳƭŀǊ ¢a5 όǇҖлΦлллмύ ŀǎ ǿŜƭƭ 
ŀǎ ƛƴ ŎƻǊǘƛŎŀƭ ¢a5 όǇҖ лΦлллмύ ŀƴŘ .a5 όҖ лΦлллмύ ŎƻƳǇŀǊŜŘ ǘƻ ŎƻƴǘǊƻƭǎΦ /bt Ҍ ![b ƛƴŎǊŜŀǎŜŘ 
ŎƻǊǘƛŎŀƭ ǘƘƛŎƪƴŜǎǎ όǇҖ лΦлллмύ ŀƴŘ ǘǊŀōŜŎǳƭŀǊ .±C όǇҖ лΦлллмύΣ ǘǊŀōŜŎǳƭŀǊ ƴǳƳōŜǊ όǇҖ лΦлллмύ ŀƴŘ 
ǘǊŀōŜŎǳƭŀǊ .a5 όǇҖ лΦлллмύ ǊŜƭŀǘƛǾŜ ǘƻ ŎƻƴǘǊƻƭǎΦ 

Conclusion:  

CNP analog adjuvant treatment greatly decreased fracture incidence at post-sacrifice, increased 
femoral length and vertebral height while providing added benefits for trabecular and cortical 
bone (not observed with bisphosphonates alone). These results indicate the potential of CNP + 
ALN treatment to improve femoral and vertebral length, reduce fracture incidence and increase 
bone thickness. Future biomechanics and FTIR spectroscopy analyses will help determine bone 
strength and quality. 
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Figure 1. Vertebral Height
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Abstract 

Objective:  

Osteogenesis Imperfecta (OI) is a heritable bone fragility disorder, with most cases caused by mutations in 
genes encoding type I collagen. The cross-sectional area of long bones is persistently low in people with OI, 
and may be a key factor leading to increased long bone fracture rates. We hypothesize that this reduced 
bone circumference is the result of reduced periosteal apposition caused by an impaired response to 
mechanical loading. The objective of this study is to determine bone (re)modeling response to 2 weeks of 
in-vivo loading in male Col1a1Jrt/+ OI mouse model. 

Methods:  

Sixteen-week old male Col1a1Jrt/+ OI mice and their wild type (WT) littermates (n=10 mice/genotype) 
underwent two weeks of in-vivo tibial loading to the left tibia, while right tibia served as a non-loaded 
control (Fig-1A). In-vivo microcomputed tomography analysis was performed at baseline (day 0) and day 15 
to quantify changes in diaphyseal cortical and metaphyseal trabecular bone mass and microstructure. 
!bh±!Σ ¢ǳƪŜȅΩǎ Ǉƻǎǘ ƘƻŎΣ ŀƴŘ ǇŀƛǊŜŘ ǘ-tests were performed (p<0.05). 

Results:  

Loading led to a 134% greater increase in cortical thickness of left limb compared to non-loaded right limb 
in WT mice (Fig-1B). We also observed a 118% greater decrease in marrow area of loaded limb compared to 
non-loaded limb in WT mice, although this was only trending towards significance (p=0.06, Fig-1C). 
Whereas no significant difference was measured in cortical thickness or marrow area between the loaded 
and non-loaded limbs in the Col1a1Jrt/+ mice (Fig-1B & 1C). Loading did not significantly increase 
metaphyseal trabecular bone in WT mice, but showed a trend of increased bone deposition in trabecular 
bone volume (per unit total volume) in loaded limb as compared to non-loaded limb for WT mice (Fig-1D). 

Conclusion:  

As hypothesized, male Col1a1Jrt/+ OI mice did not increase cortical bone mass with loading, unlike WT mice. 
Trabecular bone was not altered in either genotype. Although previous studies with C57BL/6 mice have 
reported trabecular responses, this is the first study to examine FVB albino WT mice. Studies in female 
Col1a1Jrt/+ mice are ongoing. These results indicate that the male Col1a1Jrt/+ OI mouse model has a reduced 
cortical mechano-adaptive response. 
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Abstract 

Objectives: 

Prospective fracture data are presented from a national cohort of children with osteogenesis imperfecta 
(OI). 

Methods: 

The Complex Childhood OI service, established 2011, is delivered across four centres, providing equitable 
access to multidisciplinary care for the children and young people (CYP) in England most severely affected 
by OI (eligibility criteria include but are not limited to multiple neonatal fractures, six or more vertebral 
fractures (VF), multiple limb deformities, or recessive inheritance). We estimate it sees about a quarter to a 
third of all CYP with OI in England. Consistent methods of prospective real-world data collection have been 
instituted alongside clinical practice in an iterative process. All non-VF reported here have been confirmed 
by radiology and/or orthopaedic opinion. Analysis of vertebral imaging (dual-energy X-ray absorptiometry 
and/or radiographs; typically, annual screening) was done by specialist paediatric skeletal radiologists. 

Results: 

Data are presented from the period 2016-2025. Mean (SD) number of individuals in the service per year is 
328 (10). Distribution of OI types per year is: OI-I 31%; OI-IV 21%; OI-III 20%; OI-V 7%; OI-other 21%; with 
consistent distribution across years (SD 0-2%). Mean (SD) percentage on bisphosphonate treatment per 
year is 79% (4%). Mean (SD) number of non-VF per year was 211 (34). Mean (SD; CI) percentage of 
individuals with incident non-VF per year is 33% (4%; +/-2%). Mean (SD) number of incident VF per year 
(excluding COVID 19-affected years) was 161 (25). Mean (SD; CI) percentage of individuals with incident VF 
per year is 20% (2%; +/-3%). Mean (SD) percentage of individuals with prevalent VF per year is 62% (5%). 

Conclusions: 

Prospective longitudinal real-world data show consistent rates of non-VF and VF in a clearly defined 
population of CYP with OI. Missing data is a potential limitation given the clinical setting. However, we 
believe these data are accurate and unbiased given the prospective and consistent nature of data collection 
and that they relate to a geographically complete population (selected only for service eligibility criteria). 
Thus they provide estimates for rates of fracture in a bisphosphonate-treated population than can be used 
as comparative evidence in future studies. 
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Abstract 

Objectives:  

Sclerostin neutralizing antibodies increased bone mass in mouse models and adults with osteogenesis 
imperfecta (OI). However, expression of both Sost and Dkk-1 are elevated in mice after sclerostin 
antibody treatment, potentially dampening the therapeutic response1. We recently showed that a 
bispecific anti-sclerostin/DKK1 antibody treatment (rbsAb) leads to a significant bone mass gains in 
Brtl/+ mice2.In this work, we aimed to examine the effects of rbsAb on the bone porosity and material 
properties. 

Methods:  

Ten-week-old male and female Brtl/+ and WT mice (n=10 mice/genotype/sex/treatment) received twice 
weekly injections (40mg/kg) of rbsAb or PBS for 8 weeks. Collagen fiber orientation, lacunar properties and 
material properties were assessed at day 56. Tissue age was controlled for in the latter two analyses by 
segmenting the bone into 3 regions using fluorochrome labeling: intracortical (older bone), endosteal and 
periosteal (newly formed bone). ANOVA, Tukey and paired t-tests were performed. 

Results:  

Second harmonic generation imaging showed that the ordered collagen area normalized to total 
collagen area was 42% greater in rbsAb treated than vehicle WT female mice (Fig. 1A). A similar 
treatment-related trend was seen in Brtl/+ male (30%, p=0.07). Synchrotron tomography results 
showed that individual lacunar volume was 12.5-15.5% greater with rbsAb treatment for all genotypes 
in the periosteal region compared to vehicle and 14-21% lower in the endosteal region, except for 
male Brtl/+ (Fig. 1B). Lacunar number density was lower in the periosteal region of the rbsAb group 
compared to vehicle. Lacunar oblateness was increased in rbsAb groups across all regions. 
Nanoindentation in females revealed that the elastic modulus was 16% lower in rbsAb compared to 
the vehicle treated female Brtl/+ mice in the intracortical region, and 20% lower in the female WT mice 
in the endocortical region (Fig. 1C). 

Conclusions:  

The rbsAb treatment led to more ordered collagen, which is known to improve fracture resistance. 
 Additionally, the rbsAb treatment influenced the density and shape of lacunae in both WT and Brtl/+ mice, 
ǿƘƛŎƘ ŎƻƳōƛƴŜŘ ǿƛǘƘ ǘƘŜ ƭƻǿŜǊ ŜƭŀǎǘƛŎ ƳƻŘǳƭǳǎΣ ƭƛƪŜƭȅ ƛƴŦƭǳŜƴŎŜǎ ǘƘŜ ƻǎǘŜƻŎȅǘŜǎΩ ŀōƛƭƛǘȅ ǘƻ ǎŜƴǎŜ 
mechanical stress. 

References:  

1) Holdsworth Bone, 2018; 2) Kulasesk et al ASBMR, 2025. 
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Abstract 

OBJECTIVES: Achieving peak bone mass is critical for long-term skeletal health. Bone mineral 
accumulation and trabecular microarchitectural development may follow different biological patterns 
during growth. Trabecular bone score (TBS) is a DXA-derived metric reflecting trabecular bone 
microarchitecture and offers information that complements areal bone mineral density (BMD) 
measurements. This study examined age- and sex-specific patterns of lumbar spine TBS and BMD in a 
healthy pediatric population from Mexico City in relation to peak bone mass attainment.  

METHODS: This cross-sectional analysis included lumbar spine DXA scans from 1,552 
healthy individuals aged 5ς18 years from Mexico City. All scans were performed using a GE Lunar iDXA 
system. TBS values were computed using TBS Osteo Advanced (version 4), with an adjustment for 
abdominal soft-tissue thickness. Both BMD and TBS measurements were stratified by sex 
and evaluated across the age range.   

RESULTS: Data from 1,533 participants (781 females, 752 males) were analyzed. Both BMD and TBS 
were higher at older ages; however, distinct age-related patterns were observed. BMD showed a 
pronounced pubertal pattern, with the steepest age-associated differences at approximately 12ς13 
years in females and 13ς14 years in males, followed by attenuation toward late adolescence. In 
contrast, TBS demonstrated smaller age-associated differences and greater variability across age 
groups. In females, higher TBS values were observed at younger ages relative to the age at which BMD 
values were highest, whereas in males, higher TBS values were observed at older ages relative to BMD. 
A moderate positive association between BMD and TBS was observed in females (Spearman rho = 
0.651) and males (rho = 0.644).  

CONCLUSIONS: TBS and areal BMD demonstrate age- and sex-specific trajectories reflecting distinct 
aspects of skeletal maturation contributing to peak bone mass. While BMD predominantly 
captures mineral content, TBS provides supplementary insight into microarchitectural integrity. Sex-
specific differences in the timing of higher TBS values align with known patterns of pubertal 
maturation, emphasizing the necessity for age- and sex-specific normative data. Together, these 
findings support the combined use of TBS and BMD to improve characterization of bone health during 

the critical period of peak bone mass development.  
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Abstract 

Background: Body composition, bone parameters, body composition and muscle function have 
been widely studied across pediatric body mass index (BMI) categories. Both under-nutrition and 
overweight are associated with impaired muscle function, altered bone health, and increased 
fracture risk, yet these outcomes have largely been examined in isolation. Integrated evidence on 
muscleςbone interactions and muscle composition, particularly intramuscular adipose tissue, 
across BMI categories remains limited, especially in nutritionally transitional populations. We 
aimed to examine muscle function, bone parameters, and intramuscular adipose fat (IMAT) to 
elucidate how muscleςboneςfat relationships differ across BMI categories in a nutritionally 
transitional setting. 

Methods: This was a cross-sectional study among 422 rural Indian children aged 8-10 years. 
Anthropometry was assessed. BMI was categorized using ethnic specific Z-scores. Bone health, IMAT, and 
muscle function parameters were assessed using pQCT (XCT-2000 scanner, Stratec, Inc; Pforzheim, 
Germany) and Leonardo Mechanograph Ground Reaction Force Plate (Novotec Medical, Pforzheim, 
Germany), respectively;  muscle function parameters were weight-adjusted. Fracture history was recorded. 

Results: Among 422 children, 11.6% were underweight, 73.9% normal weight, and 14.5% 
overweight. Bone density geometry and strength metrics, including trabecular density, cortical 
bone mineral content, endosteal circumference, periosteal circumference, and the stress-strain 
index were markedly elevated in overweight children when contrasted with their normal-weight 
and underweight counterparts (p < 0.05; Table 1). Weight-adjusted muscle function parameters, 
including hand-grip strength, maximum force, and maximum power, differed significantly across 
BMI categories (p < 0.05), with progressively lower values observed in overweight children. This 
divergence suggests disproportionate gains in bone parameters relative to muscle function across BMI 
categories. Overweight children had a higher prevalence of fractures (9.9%) as compared to underweight 
(2%) and normal weight (6.7%) 

Conclusion: Despite higher bone mass, estimated strength, and favourable geometry, overweight 
children demonstrated reduced muscle function and higher intramuscular fat, suggesting altered 
muscleςbone interactions. This apparent mismatch between bone adaptation and muscle 
performance may contribute to functional vulnerability during falls. The observed fracture 
prevalence in overweight children supports the need to consider muscle quality alongside bone 
measures when evaluating musculoskeletal health in children undergoing nutritional transition. 
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Table 1: Bone and muscle parameters by weight category in rural Indian children. 

Parameters Normal Weight 
(N=312) 

Underweight 
(N=49) 

Overweight 
(N=61) 

Trabecular density (mg/cm3)b 174.6±31.7 169.0±31.8 187.0±27.0 

Cortical bone mineral 
content(mg/cm3)b 

3.6±0.8 3.5±0.6 4.1±0.9 

Endosteal circumference(mm)a 26.2±3.8 24.7±2.6 27.3±3.6 

Periosteal circumference(mm)ab 34.0±3.0 32.4±1.9 35.7±2.8 

Stress strain Index(mm3)ab 121.8±31.3 110.3±21.2 142.5±34.2 

Intramuscular fat (%)ab 26.3±8.1 19.3±6.6 42.5±8.3 

Hand grip strength (kg)b 11.4±2.6 10.1±1.7 13.2±3.3 

Maximum force(N/kg)b 2.7±0.29 2.8±0.2 2.6±0.2 

Maximum power(N/kg)b 34.9±4.3 35.8±4.1 30.8±3.7 

Reported fractures(%) 6.7 2 9.9 

 

Footnote - All the mentioned parameters had significantly(p<0.05) different means between groups 
(p<0.05). a= significant difference between underweight and normal weight children. b= significant 
difference between overweight and normal weight children. 
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Abstract 

OBJECTIVES:  

Muscle and bone are closely related during growth and development. We sought to identify determinants 
of the muscle-bone relationship using peripheral quantitative computed tomography (pQCT) at the distal 
lower extremity and jumping mechanography among Canadian children and youth. 

METHODS:  

Data were obtained from the Canadian Health Measures Survey, a national, cross-sectional, population-
based study. 3,225 participants (age 6 to 19.9 years) had valid pQCT measures available for analysis. We 
used calf muscle cross-sectional area (CSA; 66% site), a measure correlated with muscle strength, and bone 
mineral content (BMC) of the tibia shaft cross-section (38% site), a measure associated with bone strength. 
Maximum jumping power (Pmax) from the single two-legged jump was assessed as a potential mediator of 
the association between muscle CSA and BMC z-scores using path analysis. 

RESULTS:  

We found a strong positive association between muscle CSA z-score and tibia BMC z-score. A muscle CSA z-
score change of 1.00 was associated with a BMC z-score change of 0.64 (95% CI: 0.62 to 0.67). Calf 
subcutaneous fat CSA z-score (66% site), muscle density z-score (a measure of intramuscular fat), and body 
mass index (BMI) z-score were determinants of the association between muscle CSA z-score and BMC z-
score. Ethnicity (White vs. non-White), self-reported moderate-to-vigorous physical activity, and serum 
concentrations of total calcium, 25-hydroxy-vitamin D3, and parathyroid hormone did not reach the 
threshold of being classified as determinants of the muscle-bone relationship. Pmax z-score was a partial 
mediator of the association between muscle CSA z-score and BMC z-score, even after adjustment for z-
scores of muscle density, fat CSA, or BMI. 

CONCLUSIONS:  

In conclusion, we found that the effect of muscle size on bone mass was in part mediated by muscle power. 
Both subcutaneous and intramuscular fat were determinants of the muscle-bone relationship and were 
related to lower bone mass. 
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Abstract 

Non-syndromic craniosynostosis (NSC) is characterized by premature fusion of cranial sutures in the 
absence of syndromic features, leading to abnormal skull growth and neurodevelopmental complications. 
Despite its clinical prevalence, etiology and mechanobiology underlying NSC remain poorly understood. This 
study used a multi-modal imaging approach to characterize structural, compositional, and cellular changes 
in cranial bone across different stages of sagittal suture fusion in NSC. 

Cranial bone obtained during craniectomy from six infants (ages 3ς8 months) was analyzed using micro-
computed tomography, confocal laser scanning microscopy, second-harmonic generation microscopy, 
quantitative backscattered electron imaging, synchrotron radiation-based tomography, and histology. 
Sutures were classified as patent, fusing, or fused based on micro-computed tomography images. 
Microstructure, mineralization, collagen organization, and osteocyte lacunar properties were quantified 
adjacent to the suture (peri-suture bone) and 2 mm from the suture (peripheral bone), in both primary 
woven and secondary lamellar bone. 

 

Trabecular bone structure was largely similar between peri-suture and peripheral regions, irrespective of 
fusion status. Consistent with advanced bone maturation, bone surrounding fused sutures exhibited lower 
heterogeneity in mineralization (CaWidth -10%) compared to patent sutures. Second-harmonic generation 
imaging revealed that patent sutures exhibited highly disorganized collagen fibers and as fusion progressed, 
fibrous tissue was replaced by primary woven bone and subsequently remodeled into organized lamellar 
bone. In accordance, histological analysis confirmed active osteogenesis with advancing fusion. 

Osteocyte lacunar orientation was significantly altered adjacent to fused sutures compared to fusing and 
patent sutures within lamellar bone (+10%). Lacunar number density was consistently lower (-35%) and 
lacunar volume (23%) was higher in peri-suture bone compared to peripheral bone. These changes were 
more pronounced in lamellar than in woven bone consistent with ongoing bone remodeling. 

 

Overall, NSC progression is associated with localized changes in bone mineralization, collagen organization, 
and osteocyte morphology. The alteration of osteocyte lacunae orientation dependent on suture fusion 
status is of particular interest as this may indicate a disrupted mechanosensitive adaptive ability of bone, 
resulting in accumulation of more disorganized bone as the suture fuses too quickly. These findings 
underscore the importance of local mechanobiological and cellular processes in driving suture fusion, 
providing new insights into NSC pathophysiology. 
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Abstract 

Objectives:  

High-resolution peripheral-quantitative CT (HR-pQCT) combined with micro-finite element (µFE) models is a 
powerful tool for assessing bone quality and fracture risk. A Laplace-Hamming (LH) segmentation method 
has improved microarchitectural accuracy in adults (Sadoughi et al. JBMR 2023). We compared HR-pQCT 
outcomes obtained using LH and standard segmentation methods in children with osteogenesis imperfecta 
(OI) and healthy controls (Hosseinitabatabaei et al. JBMR 2025). 

Methods:  

Radius and tibia scans from 20 children with OI and 20 age- and sex-matched controls were obtained using 
a second-generation HR-pQCT scanner. Microarchitectural and µFE outcomes were derived using both the 
default and LH segmentation. Absolute differences between segmentation methods were assessed using 
paired t-tests with Benjamini-Hochberg correction. Clinical impact was evaluated by comparing baseline OI 
vs control differences and 1-year changes using linear mixed-models. 

Results:  

All outcomes differed significantly between segmentation methods (p<0.05). Visual inspection revealed LH 
as a more accurate alternative for clinical HR-pQCT evaluation (Figure). Cortical porosity (Ct.Po) showed the 
largest discrepancy, with LH producing 700% (tibia) and 1250% (radius) higher values. Trabecular outcomes 
differed systematically: LH yielded 9% higher trabecular bone volume fraction (Tb.BV/TV), 15% higher 
number (Tb.N), and 9% lower thickness (Tb.Th). Cortical thickness (Ct.Th) decreased with LH, and estimated 
bone strength was 6ς8% lower. Importantly, LH segmentation altered clinical interpretations. At tibia, only 
LH detected significant between-group differences in 1-year changes for Ct.Po and Tb.BV/TV (LH: Tb.BV/TV 
in controls increased form an average 25.3% to 26.9% while OI decreased from 17.7% to 17.2%; default: 
controls from 26.5% to 27.5%, OI from 14.9% to 14.6%). Baseline differences in Tb.N was no longer 
significant with LH. At radius, only LH detected significant group differences in 1-year changes for Tb.Th, 
Ct.Po, and Tb.BV/TV (LH: controls from an average 22.0% to 23.8%, OI from 16.6% to 16.4%; default: 
controls from 21.9% to 22.9%, OI from 15.3% to 15.0%), and detected baseline differences in Tb.Th and 
Ct.Th that were not observed using the default method. 

Conclusions:  

For these second-generation HR-pQCT images, LH segmentation led to different clinical interpretations for 
several outcomes. Tb.BV/TV 1-year changes nearly doubled in magnitude in controls using LH. 
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Abstract 

OBJECTIVE: Bone age (BA) from a hand/wrist radiograph is widely used to characterize skeletal 
maturation. In X-linked hypophosphatemia (XLH), rickets-related abnormalities may alter 
ossification patterns and potentially compromise automated BA algorithms. BoneXpertϰ has been 
validated in healthy children and growth disorders, but not in rachitic conditions such as XLH. We 
aimed to validate the accuracy of BoneXpertϰ for BA assessment across rickets severities in XLH. 

METHODS: Hand radiographs were obtained from the XLH Disease Monitoring Program 
(NCT03651505). Images were stratified by bilateral wrist Rickets Severity Score (RSS) into three 
groups: absent (0), low (0.5ς1.5), and high (2ς4), with 1:1 sex- and age-matching across groups. 
Two pediatric endocrinologists (expert readers), blinded to chronological age (CA), independently 
assigned BA using Greulich & Pyle Atlas references; discrepancies >1.5 years were resolved by 
consensus. Expert BA was the mean ƻŦ ǘƘŜ ŜȄǇŜǊǘ ǊŜŀŘŜǊǎΩ ǎŎƻǊŜǎ όƻǊ ŎƻƴǎŜƴǎǳǎ ǿƘŜƴ ǊŜǉǳƛǊŜŘύΦ 
Automated BA was generated using BoneXpertϰ (v3.2.2). Agreement between expert BA and 
BoneXpertϰ was evaluated using intraclass correlation coefficients (ICC) and BlandςAltman 
analysis. BoneXpertϰ BA:CA delay was calculated as BoneXpertϰ BA minus CA. Secondary analyses 
compared BoneXpertϰ phalangeal- and carpal-based BA (paired t-test). 

RESULTS: Ninety-nine hand radiographs were analyzed (CA mean±SD 5.78±3.0 years; 48% female) 
from 80 participants. Inter-reader concordance was excellent (ICC 0.975 [95% CI 0.963ς0.983], 
p<0.0001). Expert BA showed excellent agreement with BoneXpertϰ (ICC 0.984 [95% CI 0.976ς
0.989], p<0.0001; r=0.985 [95% CI 0.978ς0.990]) with a small mean underestimation by 
BoneXpertϰ ǾŜǊǎǳǎ ŜȄǇŜǊǘ .! όҍлΦмтҕлΦрн ȅŜŀǊǎΤ ǇҐлΦллнύΦ !ƎǊŜŜƳŜƴǘ ǊŜƳŀƛƴŜŘ ŜȄŎŜƭƭŜƴǘ ŀŎǊƻǎǎ 
RSS strata (ICC [95% CI]: high RSS 0.993 [0.986ς0.997], low RSS 0.982 [0.963ς0.991], RSS absent 
0.919 [0.844ς0.959]). Overall, the BA:CA delay was -0.57±0.91 years, with the greatest delays in 
the highest RSS group (-0.76±0.58 years). Within BoneXpertTM, carpal BA was more delayed than 
phalangeal; estimates differed by a mean of 0.32±0.84 years (N=91; p<0.001).  

CONCLUSIONS: In children with XLH, BoneXpertϰ BA closely aligns with expert assessment and 
appears robust across the spectrum of rickets severity. These findings support BoneXpertϰ as a 
practical, standardized tool for BA assessment in XLH clinical care and research. 
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From Panic to Preparedness: How Emergency Splint Kits Improve Fracture Care in 

Osteogenesis Imperfecta 

Lori VandenBroek, Nadia Narducci, Argerie Tsimicalis 

Shriners Hospital for Children - Canada, Montreal, Canada 

Abstract 

Background: 
Osteogenesis imperfecta (OI) is a genetic disorder characterized by increased bone fragility, low 
bone mass, and other connective tissue manifestations1. Individuals with severe OI may 
experience multiple fractures annually from birth through adulthood. These fractures range from 
minor microfractures to severe fractures necessitating surgical intervention. Proper fracture 
management is essential for pain control, optimal bone healing, reduction of complications, and 
restoration of function and mobility. 

In 2019, Shriners Hospitals for ChildrenςCanada (Shriners), in collaboration with one of our OI patients, 
introduced a fracture splint kit. This kit contains the tools, materials, and educational resources required to 
appropriately immobilize a fracture during an emergency2. Approximately 130 fracture kits have been 
distributed to OI patients at the Shriners, ensuring immediate access to supplies when needed. Families are 
educated upon receiving their fracture kits by the OI nursing care team. 

Objective: 
 Since the implementation of the splint kits, we opted to evaluate the kits via a quality 
improvement initiative to understand the perceived usefulness, and impact on the autonomy and 
quality of life of the patients and their families. 

Methods: 
 Over a four-month period patients with OI or their family members were invited to complete an 
anonymous questionnaire while attending a clinic visit at Shriners. Data were descriptively analyzed. 

Results: 
 To date 20 patients with OI or their family members responded. Overall, they expressed a 
significant perceived usefulness of the kit, which has become an essential item for the 
ƛƳƳƻōƛƭƛȊŀǘƛƻƴ ƻŦ ŦǊŀŎǘǳǊŜǎΦ tŀǘƛŜƴǘǎ ŀƴŘ ŦŀƳƛƭƛŜǎΩ ǊŜǎǇƻƴǎŜǎ ǿŜǊŜ ƻǾŜǊǿƘŜƭƳƛƴƎƭȅ ǇƻǎƛǘƛǾŜΣ 
highlighting increased confidence, reassurance, and improved fracture management at home. The 
families also reported a reduction in anxiety during fracture emergencies. 

Conclusion 

This initiative improved patient and family autonomy, confidence, and perceived quality of life 
while promoting safer early fracture management. The program shows strong potential for 
expansion to other osteogenesis imperfecta care settings. 

 
Disclosure 

none declared 
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Collaborative Practice-Based Creation of a Podcast Series on Virtual Reality for 

Pain and Anxiety in Children's Orthopaedic Healthcare 

Jessica Ding1, Alisha Michalovic2, Emily K Drake3, Argerie Tsimicalis1,2 

1Shriners Hospitals for Children - Canada, Montreal, Canada. 2McGill University, Montreal, Canada. 3Mount 
Allison University, Sackville, Canada 

Abstract 

Objectives:  

Significant levels of pain and anxiety are experienced by children undergoing medical procedures, such as 
orthopaedic surgeries. Pain and anxiety may be lessened by distraction techniques such as virtual reality 
(VR). However, barriers have contributed to a significant lag in implementing VR into clinical practice. This 
practice-based study sought to collaboratively create a podcast series to promote knowledge dissemination 
and VR implementation into practice. 

Methods:  

A practice-based study, guided by the principles of andragogy and cognitive theory of multimedia learning 
(CTML), was conducted. Twelve experts in the field of VR participated in a one-time, audio-recorded 
interview and contributed to the creation of their respective episode, on topics related to VR evidence, use, 
integration, creation, troubleshooting and decision-making. Across the episodes, a thematic analysis was 
conducted to inform a summary episode to the podcast series. The process of creating the podcast series 
was documented. 

Results:  

Nine podcast episodes were created with 12 participants including a child life specialist, a clinical research 
coordinator, doctors, decision-makers, nurses and clinicians. Main themes identified included VR benefits 
and future use, clinician difficulties, immersion, interaction with users, non-universality of VR, adverse 
effects and practice implementation. 

Conclusions:  

Podcasts offer a novel way to disseminate knowledge but there has been limited understanding of their 
optimal structure. This paper delineates the systematic approach undertaken to produce a podcast series to 
disseminate science. The created podcast series will help disseminate knowledge on VR use in children's 
orthopaedic healthcare, consequently promoting its implementation into practice. 
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The Experience of Spinal Bracing at a UK-Based Paediatric Osteogenesis Imperfecta 

Centre 

Emilie Hupin, Alice Walker, Zoe Bowman Bayles, Abigail Bolland, Mark Heathfield, Alex Chesover, Moira 
Cheung, Belinda Crowe, Catherine DeVile 

Osteogenesis Imperfecta Service, Great Ormond Street Hospital for Children NHS Foundation Trust, London, 
UK 

Abstract 

BACKGROUND: 

Osteogenesis Imperfecta (OI) is a bone fragility disorder typically caused by a defect in the genes which 
produce type 1 collagen. Features include propensity to fracture and skeletal deformities. The development 
of scoliosis is common, with overall prevalence ranging from 39% - 80%. Evidence shows that in children, 
untreated spinal curves may progress, and timely intervention is key in preventing complications such as 
pain and reduced pulmonary function. Conservative, medical and surgical management options should be 
considered for best outcomes. 

PRESENTING PROBLEM: 

The use of spinal bracing for scoliosis management in OI appears to vary internationally. Previous literature 
suggests the risk of rib fractures and chest wall deformities is high, tolerance  poor, and bracing is not 
effective in stabilising spinal curves. 

Some of the research pre-dates bisphosphonate therapy and more recently spinal bracing is being 
considered across OI centres. 

CLINICAL MANAGEMENT: 

At a UK-based paediatric OI centre, spinal bracing is being trialled to support scoliosis management (N=15). 
Orthotic devices varied depending on clinical presentation, age, mobility, and the decision-making process 
involved the multidisciplinary team, orthotist and patient /family. Details regarding function, comfort and 
tolerance post-orthotic intervention were recorded. Interval radiology to evaluate progression of curves 
and spinal orthopaedic monitoring continued as normal. 

Table 1. 

DISCUSSION: 

Our data suggest that using spinal bracing in OI is not without complications, with tolerance issues and 
discomfort frequently reported. In some cases, mobility was negatively impacted, and wear was 
interrupted by limb fractures or surgery. Orthosis modifications were often required. 6 patients achieved 
prolonged periods of wear (> 8 hours per day), and others continue to build up use gradually. Orthotic 
management was discontinued in 3 cases; one following skeletal maturity, one due to poor tolerance and 
one who proceeded to spinal surgery. To date, no serious adverse events such as fractures have occurred. 

Further investigation is needed to determine the effect of bracing on spinal curve progression and chest 
wall shape over time. Bracing in paediatric OI requires careful MDT consideration and monitoring. We 
continue to explore spinal bracing as a safe and appropriate adjunct for scoliosis management. 

Table 1 

Sex Age at 
initial 
bracing 

OI type/ 

(Genetics) 

Cobb 
angle 

Orthotic device Adverse effects Wear > 
8 hours 



53 

(yrs) 

M 16 Type 4 

(COL1A1) 

24° Rigid TLSO¹ Discomfort, poor 
tolerance 

 

No* 

F 12 Type 1 

(COL1A1) 

38° Rigid TLSO Discomfort, reduced 
balance 

Yes 

(night) 

M 15 Type 1 

(COL1A1) 

27° Rigid TLSO Discomfort, self-
conscious 

No 

F 7 Type 8 

(P3H1) 

65° Soft Boston 
brace 

Negative impact on 
floor mobility 

Yes 

M 12 Type 3 

(COL1A1) 

48° Bivalve soft 
Boston brace 

Overheating, poor fit 
in wheelchair 

No 

M 10 Type 3 

(COL1A2) 

34° Soft Boston 
brace 

Discomfort, poor 
tolerance 

No 

F 2 Type 7 

(CRTAP) 

57° Semi-rigid TLSO Negative impact on 
floor mobility 

Yes 

M 15 Type 3 

(COL1A1) 

67° Rigid TLSO Nil reported Yes 

(night) 

M 5 Type 8 

(P3H1) 

31° DEFO² Carer anxiety 

 

No 

F 2 Type 15 

(WNT1) 

32° DEFO Unable to use during 
limb fractures 

Yes 

M 10 Type 7 

(CRTAP) 

69° Posterior Boston 
brace with 
abdominal 
binder 

Reduced tolerance, 
skin redness 

No 

F 8 Type 4 

(COL1A2) 

39° Semi-rigid TLSO Overheating Yes 

F 8 Type 11 Bruck 
(FKBP10) 

18° Soft Boston 
brace 

Reduced tolerance, 
poor fit in 
wheelchair 

No 
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F 6 Type 1 /HGPPS³ 

(COL1A1/ROBO3) 

78° Rigid TLSO Poor tolerance ς 
refusal to wear 

No* 

M 9 Type 8 

(P3H1) 

45° DEFO Poor tolerance ς risk 
of fracture when 
applying 

No* 

¹TLSO ς thoracolumbar support orthosis 

²DEFO- dynamic elastomeric fabric orthosis (Lycra suit) 

³Horizontal gaze palsy with progressive scoliosis 

*Bracing discontinued 

Disclosure 

None declared 
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Investigating the Effects of Group Aquatic Therapy for Children with Osteogenesis 

Imperfecta 

Mallory Gardner, Anthony Puglisi 

Children's Hospital of Philadelphia, Philadelphia, USA 

Abstract 

OBJECTIVES:  

Aquatic physical therapy is routinely recommended for children with Osteogenesis Imperfecta (OI) as a safe 
modality for muscle strengthening, weight-bearing, and balance exercise. The buoyancy of the 
water protects from falls while the viscosity provides resistance for strengthening. Despite this 
recommendation, there is little evidence on the effects of aquatic physical therapy on muscle 
strength, muscle power, or function in children with OI. The objectives of this case series are to outline 
specific exercises appropriate for ambulatory children with OI and to review the effects on muscle strength, 
muscle power, and function after a six-week aquatic group therapy program. 

METHODS:  

The 50 minute weekly aquatic therapy group will focus on swimming, lower extremity strengthening 
activities, and balance exercise in floating, kneeling, and standing. Prior to the initiation of the program and 
within two weeks after the last session, leg strength will be assessed by handheld 
dynamometry, muscle power by broad jump distance and vertical jump height, and functional mobility with 
timed up and down stairs. The Water Orientation Test Alyn 2 will be used to assess function and swimming 
skills in the water. Baseline and post-intervention outcomes will be converted into and age and sex 
specific Z-scores using standard references and paired t-tests will be used to determine significance. 

RESULTS:  

To date, four patients with OI have agreed to participate in this pilot 
aquatics group (two females, two males, ages 8-11). Comparison of baseline and post 6-week intervention 
outcomes will be completed upon cessation of the program. Description of aquatic exercises will include 
walking activities, swim strokes, floatation exercises, balancing in varied positions, step ups, jumping, 
and lunging. 

CONCLUSIONS:  

We plan to supplement the evidence on aquatic physical therapy for ambulatory children with OI, by 
outlining specific exercises performed and the effects on muscle strength, muscle power, function, and 
swimming skills after six weeks in the group setting in the pool. 
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Use of Standardised Motor Assessments to Evaluate Developmental Motor Skills in 

Children with Osteogenesis Imperfecta 

Lisa Mills1, Amy Pilkington1, Hannah Bassett1, Toby Candler1,2 

1Bristol Royal Hospital for Children, Bristol, UK. 2NIHR Biomedical Research Centre (Diet & Physical Activity 
Theme), University of Bristol, Bristol, UK 

Abstract 

Developmental motor skills and praxis underpin performance of functional movement and participation in 
daily activities. In Osteogenesis Imperfecta (OI), skeletal fragility, hypermobility, pain, and reduced muscle 
strength may disrupt typical motor development. Clinical monitoring often focuses on motor milestones 
and mobility, but standardised motor assessments may offer a more detailed evaluation of functional 
abilities. 

Objectives 

 To evaluate the utility and compare outcomes of two widely used standardised motor assessments 
in children with mildςmoderate OI. 

 To explore the range of motor skill strengths and difficulties in this group 

Methods 

Twenty-three children with mild-moderate OI attending a UK specialist centre were invited to participate. 
Participants completed the Movement Assessment Battery for Childrenς3 (MABC3) and the Bruinincksς
Oseretsky Test of Motor Proficiencyς2 (BOT2) in two separate appointments. Pain and fatigue (0ς10) were 
rated pre and post assessment. Children also rated task difficulty and enjoyment (1ς6). Administration and 
scoring times were recorded. Outcomes were analysed using Blandς!ƭǘƳŀƴ ǇƭƻǘΣ {ǇŜŀǊƳŀƴΩǎ wŀƴƪ 
correlation, and Mann-Whitney U calculations. 

Results 

Twenty children completed both assessments; 12F:8M; median age ten years(range=6-14). Median total 
previous fractures six (range=0-14); six were receiving bisphosphonates and three had prior rodding 
surgery. Mean composite motor scores were within the average range (BOT2=41.56; MABC3=44.5), with 
good agreement and correlation between tests (R=0.734). Participants showed weaker performance across 
several subtests; fine motor precision, co-ordination, strength, and gross motor agility tasks. Mean 
differences between pre and post-assessment ratings of pain (BOT2=0.8; MABC3=0.6, p=0.182) and fatigue 
(BOT2=0.5; MABC3=0.85, p=0.399) ratings were low and similar across assessments. Mean enjoyment 
ratings were comparable (BOT2=1.65/6; MABC3=1.95/6, p=0.342). Scoring time was identical (38 minutes). 
MABC3 was rated easier (BOT2=2.85/6; MABC3=2.35/6, p=0.016).  BOT2 administration was longer (56 vs 
45 minutes, p=<0.001). but assessed a broader range and depth of skills. 
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Conclusions 

Standardised motor assessments are valuable in identifying specific motor difficulties, informing targeted 
therapy when administered by clinicians experienced with children with OI. Both assessments were 
comparable across a range of outcome and experience measures. Further research is warranted to evaluate 
applicability for children with more severe OI phenotype. 
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Navigating the Move to Adult Services: Consultation Insights from Skeletal 

Dysplasia Youth and Their Parents 

Anita Freeman, Catherine Ali, Marianna Shiafkou, Emma Bewick, Emilie Hupin, Daniela Melamed, Emily 
Golding, Rachael Worthen, Moira Cheung 

Great Ormond Street Hospital NHS Trust, London, UK 

Abstract 

Objectives:  

Young people with skeletal dysplasia (SKD) face complex physical, psychological, and social challenges as 
they transition from paediatric to adult healthcare. Despite established transition frameworks, limited 
research has explored conditionȤspecific needs and priorities for this population. 

Methods:  

A service development consultation was conducted at Great Ormond Street Hospital for Children between 
July and November 2025. Parallel focus groups with young people (aged 15ς20) and parents explored 
experiences of gaining independence, priorities for transition preparation, and perspectives on 
multidisciplinary care. Transcriptions and facilitator notes underwent thematic analysis, followed by 
multidisciplinary team (MDT) review and parent feedback. 

Results:  

Nine young people expressed an interested in joining the consultation, and a total of 4 young people and 5 
parents were able to join the focus groups (Figure 1). The thematic analysis from the focus groups 
highlighted systemic, psychological and practical barriers to independence, including navigating visible 
difference, fluctuating support needs in education, challenges using public transport, and difficulties 
advocating in healthcare settings. Parents emphasised concerns about readiness for medical 
decisionȤmaking, inconsistent coordination across services, and the need for structured preparation. Young 
people prioritised understanding their condition, developing confidence in appointments, and accessing 
meaningful peer support. Across groups, early preparation, clear informationȤsharing, and holistic, 
wellȤcoordinated care were identified as essential. 

Figure 1. Participant Demographics 

Sex  Age Diagnosis Young Person 
Group 

Parent group 

Female 20 Hajdu-Cheney 
Syndrome 

Yes Yes 

Male 17 Pseudoachondroplasia Yes Yes 

Female 15 Achondroplasia Yes Yes 

Female 16 Chondrodysplasia Yes Yes 

Male 17 Achondroplasia No Yes 

 
 



59 

Conclusions:  

Findings informed a set of targeted service developments, including independenceȤfocused outpatient 
practices with pre-clinic preparation calls with the young person, annual peer workshops, joint OTς
Physiotherapy sessions with patient led goal-based to enable independence (e.g. use of public transport), 
enhanced psychological support, and strengthened transferȤofȤcare processes. The consultation 
underscores the need for a developmentally attuned MDT support, with a SKDȤinformed, and 
familyȤinclusive transition pathway that promotes autonomy while recognising the unique social and 
emotional contexts faced by young people with SKD. 
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1Children's Hospital of Eastern Ontario, Ottawa, Canada. 2Division of Neurology, Department of Pediatrics, 
University of Ottawa, Ottawa, Canada. 3McMaster University, Hamilton, Canada. 4Division of Endocrinology, 
Department of Pediatrics, University of Ottawa, Ottawa, Canada. 5Section of Pediatric Endocrinology, 
Department of Pediatrics, King Faisal Specialist Hospital & Research Centre, Riyadh, Saudi Arabia 

Abstract 

Objective: Pediatric patients with rare bone diseases face bone fragility, chronic pain, and reduced mobility. 
Physiotherapy (PT), occupational therapy (OT), and mobility devices are often recommended, yet access 
may be limited by barriers. This study examines the barriers perceived by caregivers of patients with rare 
bone diseases in accessing rehabilitation services. 

Methods: A prospective, cross-sectional observational survey study was conducted involving 105 children 
<19 years of age receiving care in a tertiary care pediatric rare bone disease clinic. Data were collected 
through patient and caregiver questionnaires and chart reviews. The questionnaires were designed to 
explore perceived barriers to accessing and participating in rehabilitation services (e.g. logistical, financial, 
and personal factors). Descriptive analyses summarized participant characteristics and reported barriers. 

Results: Overall, 49.5% of caregivers and patients (52/105) reported at least one barrier to accessing PT, OT, 
or mobility devices as part of rehabilitative care. Among those reporting at least one barrier, 15.4% (8/52) 
reported feeling overwhelmed when choosing a rehabilitation clinic, and 43.3% (17/52) indicated a need for 
more information about available rehabilitation services in their community. Among the 62.9% of patients 
(66/105) requiring PT, 18.2% (12/66) were unable to access services, with 71.2% (47/66) reporting at least 
one barrier. The most frequently reported barrier was limited appointment availability outside of work or 
school hours (29/66, 43.9%). OT was required by 27.6% of patients (29/105), of whom 72.4% (21/29) 
experienced at least one barrier. As for PT, limited appointment availability outside of work or school hours 
was the most common barrier to OT (11/29, 37.9%). Among patients requiring mobility devices (38.1%, 
40/105), 60.0% (24/40) reported barriers, mostly related to family financial constraints (15/40, 37.5%). 

Conclusions: Patients with rare bone disorders and their caregivers experienced substantial barriers to 
accessing rehabilitation services across PT, OT, and mobility devices. Common barriers included limited 
appointment availability outside of work or school hours and financial constraints. Many families also 
reported feeling overwhelmed when selecting providers and needing more information. Flexible 
scheduling, financial support, and patient navigation services may help reduce these barriers and improve 
access to rehabilitative care. 
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Patient Reported Pain in Children with Osteogenesis Imperfecta 

Kieran Murphy, Claire Hill, Chidambaram Sethuraman 

Sheffield Childrens Hospital foundation trust, Sheffield, UK 

Abstract 

OBJECTIVES 

To understand the prevalence of pain in children with Osteogenesis Imperfecta (OI) under the care of the 
ƳŜǘŀōƻƭƛŎ ōƻƴŜ ŘƛǎŜŀǎŜ ǘŜŀƳ ŀǘ {ƘŜŦŦƛŜƭŘ /ƘƛƭŘǊŜƴΩǎ IƻǎǇƛǘŀƭΦ 

To gain greater understanding of patient reported pain in paediatric OI population 

To understand if children and families are interested in pain education 

METHODS 

Retrospective analysis of the pain domain (Q15-19) on 362 completed OI Quality of Life (OIQOL) 
questionnaires completed by patients under the care of the metabolic bone disease team between 
September 2016 and October 2024. 

A scoping pain questionnaire was handed out to patients with OI and their families during their clinic 
appointments or admissions for bisphosphonates between January and March 2025. 

RESULTS 

Analysis of the OIQOL identified 6.9% of patients reporting a high frequency of pain with a further 17.1% 
reporting moderate frequency of pain. 

The self-reported pain questionnaire was completed by 23 patients age between 8-17 

26% reported daily pain, 9% weekly pain. 43% monthly pain with the remaining 22% never reporting pain. 
There was no correlation between OI type and reported incidence of pain. Back 32% and legs 28% were the 
most common areas for pain. 

8 participants (35%) wanted pain education with 2 patients (9%) being unsure and 13 (56%) were not 
interested in pain education. There was a strong correlation between participants who reporting daily or 
weekly pain and wanting pain education of 62.5%. 

CONCLUSIONS: 

The service evaluation highlighted the reported prevalence of pain on children under the metabolic bone 
ŘƛǎŜŀǎŜ ǘŜŀƳ ŀǘ {ƘŜŦŦƛŜƭŘ /ƘƛƭŘǊŜƴΩǎ IƻǎǇƛǘŀƭ ǿƛǘƘ нп҈ ƻŦ ǇŀǘƛŜƴǘǎ ǿƘƻ ŎƻƳǇƭŜǘŜŘ ǘƘŜ hL vh[ ǊŜǇƻǊǘƛƴƎ 
pain having a significant impact on quality of life. 35% of patients who completed the scoping pain 
questionnaire reported daily or weekly pain with 35% of completed questionnaires wanting pain education. 

As a service we aim to offer a larger program of support on pain management and pain education to all 
patients with a diagnosis of OI for them to opt in to. 

Disclosure 

Dr Claire Hill developed OI quality of life questionnaire 

 



62 

Poster Abstracts  

P1 

Abstract Withdrawn 

 

 



63 

P2 

Longitudinal Changes in Serum PRO-C1 and PRO-C2 Reflect the Pubertal Growth 

Spurt in Healthy Children and Adolescents 

Li Juel Mortensen1,2, Yi He3, Martin Blomberg-Jensen4,5, Jørgen Holm Petersen6, Stine Agergaard Holmboe7,8, 
Anne-Christine Bay-Jensen3, Anders Juul7,9,5 

1Department of Growth and Reproduction, Copenhagen University Hospital-Rigshospitalet, Copenhagen, 
Denmark. 2: International Centre for Research and Research Training in Endocrine Disruption of Male 
Reproduction and Child Health (EDMaRC), Copenhagen University Hospital - Rigshospitalet, Copenhagen, 
Denmark. 3Nordic Bioscience, Department of Rheumatology, Nordic Bioscience, Biomarkers and Re-search, 
Herlev, Denmark. 4Department of Endocrinology and Internal Medicine, Division of Translational 
Endocrinology, Copenhagen University Hospital-Herlev and Gentofte, Herlev, Denmark. 5Department of 
Clinical Medicine, University of Copenhagen, Copenhagen, Denmark. 6Section of Biostatistics, Institute of 
Public Health, Faculty of Health Sciences, University of Copenhagen, Copenhagen, Denmark. 7Department 
of Growth and Reproduction, Copenhagen University Hospital-Rigshospitalet, Copenhagen, Copenhagen, 
Denmark. 8International Centre for Research and Research Training in Endocrine Disruption of Male 
Reproduction and Child Health (EDMaRC), Copenhagen University Hospital - Rigshospitalet, Copenhagen, 
Denmark. 9International Centre for Research and Research Training in Endocrine Disruption of Male 
Reproduction and Child Health (EDMaRC), Copenhagen University Hospital - Rigshospitalet, Copenhagen, 
Copenhagen, Denmark 

Abstract 

Introduction Epiphyseal growth in children and adolescents is stimulated directly by growth hormone (GH) 
and indirectly via insulin-like growth factor 1 (IGF-I). Monitoring of growth in short children treated with GH 
is commonly done by serum IGF-I, which is not an ideal biomarker. Thus, other biomarkers reflecting 
endogenous and GH-induced growth are needed. Growth plate activity and collagen synthesis are reflected 
by increasing procollagens like PRO-C1 and PRO-C2. Therefore, we evaluated PRO-C1 and PRO-C2, from the 
longitudinal part of the Copenhagen Puberty Study, established reference intervals, and evaluated the 
association to linear growth.  
Methods. We included 1700 serum samples from 108 females and 105 males (age 5-16 years), followed 
longitudinally between 2006-2014. We assessed height velocity, including peak height velocity (PHV), 
pubertal development by Tanner-staging, and serum concentrations of sex-steroids, IGF-I, and PRO-C1, and 
PRO-C2 by specific immunoassays. In addition, PRO-C1 and PRO-C2 were determined in short children born 
small for gestational age (SGA) before and after 12 months of high-dose GH treatment.  
Results PRO-C1 and PRO-C2 increased significantly with increasing age and pubertal development (females: 
Tanner B1 through B3, p < 0.0001; males: G1 through G4, p < 0.001). Both procollanges increased to 
maximal levels at the time of PHV, with a subsequent rapid decline. By contrast, sex-steroids and IGF-I 
continued to increase after cessation of linear growth. IGF-I standard deviation score (SDS) was correlated 
with both PRO-C1 SDS (females r2 = 0.40; males r2 = 0.34, both p < 0.0001); and with PRO-C2 SDS (females r2 
= 0.24; males r2 = 0.32, both p < 0.0001). In GH-treated prepubertal children, both markers increased 
significantly compared to baseline (PRO-C1: mean 0.70 SD vs. 3.78 SD, p=1.33 x 10-5; PRO-C2 SDS: mean -
2.07 SD vs. mean 0.69 SD, p=0.0055).  
In conclusion, we present longitudinal changes in serum levels of PRO-C1 and PRO-C2, as potential 
biomarkers of endogenous and GH-induced linear growth. Further studies are needed to evaluate the 
clinical usefulness of procollagens as biomarkers of GH-induced growth. 

Disclosure 

PRO-C1 and PRO-C2 are measured using commercially avalable kits for Nordic Bioscience. ACBJ is an 
employee and shareholder of Nordic Bioscience. YH is an employee of Nordic Bioscience. 
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pQCT-derived Bone Parameters in Adolescents with Type-1 Diabetes 
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University of Calgary, Calgary, Canada 

Abstract 

Background: Type-1 diabetes (T1D) is the most common childhood endocrine disorder. Sub-
optimal bone accrual during adolescence increases the risk of fractures and osteoporosis, and 
individuals with T1D are at elevated risk, although the mechanism is unclear. T1D duration and 
poor glycemic control may impair bone density and microarchitecture; however, evidence remains 
conflicting. 

 

Objectives: To examine the relationship between disease duration, glycemic control (HbA1c, 
percent of time spent within target blood sugar range; TIR), and bone outcomes from high-
resolution peripheral quantitative computed tomography (HR-pQCT) in 10 to 12-year-old 
adolescents with T1D. 

 

Methods: Adolescents (age 10-12) with T1D were recruited into the Calgary arm of the Canadian 
Bone Strength Development Study. Participants reported demographics, T1D duration, and TIR 
from their continuous glucose monitors over the past 90 days. HbA1c was obtained from medical 
records from the four most recent measurements. HR-pQCT (Xtreme CT II, 61m resolution) scans 
were performed at the 4% radius, 30% radius, 6% tibia, and 30% tibia to examine cortical 
(distal/proximal sites) and trabecular (distal sites) volumetric bone mineral density (vBMD) and 
ƳƛŎǊƻŀǊŎƘƛǘŜŎǘǳǊŜΦ 5ŜǎŎǊƛǇǘƛǾŜ ƳŜŘƛŀƴǎ όƛƴǘŜǊǉǳŀǊǘƛƭŜ ǊŀƴƎŜύ ǿŜǊŜ ǳǎŜŘΣ ŀƴŘ {ǇŜŀǊƳŀƴΩǎ 
correlations examined the relationships between disease duration, TIR, and HbA1c with vBMD and 
microarchitecture. 

 

Results: Seven females and three males (11.8 years (11.6-12.1) have been recruited to date. 
Median T1D duration was 5.2 (3.1-5.8) years, HbA1c was 7.7 (7.4-8.8), and 90-day average TIR was 
57.0% (28.3-соΦо҈ύΦ {ǇŜŀǊƳŀƴΩǎ ŎƻǊǊŜƭŀǘƛƻƴǎ ǊŜǾŜŀƭŜŘ ŀ ǎƛƎƴƛŦƛŎŀƴǘ ǇƻǎƛǘƛǾŜ ŎƻǊǊŜƭŀǘƛƻƴ ōŜǘǿŜŜƴ 
¢м5 ŘǳǊŀǘƛƻƴ ŀƴŘ ŎƻǊǘƛŎŀƭ Ǿ.a5 ŀǘ ǘƘŜ ол҈ ǘƛōƛŀ όˊҐлΦтлΣ ǇҐлΦломύΣ ǘƘƻǳƎƘ ŎƻǊǊŜƭŀǘƛƻƴǎ ōŜǘǿŜŜƴ 
microarchitecture at this site were weak and non-significant (thickness: ́=0.26; porosity: ́=-0.27). 
There were no relationships detected between T1D duration, TIR, or HbA1c and cortical or 
trabecular vBMD or microarchitecture at any other scan site. 

 

Conclusions: The lack of association between glycemic control and bone outcomes may be 
reassuring for individuals who are still optimizing their T1D management, though low power limits 
these findings. The positive association between T1D duration and proximal tibia cortical vBMD 
suggests T1D onset closer to rapid bone accrual periods may influence cortical mineralization. 
Future analyses from this ongoing study will confirm observations in a larger sample. 

 
 



65 

(350/350) 

 

Figure 1: Scatterplot demonstrating the relationship between T1D disease duration and cortical 
vBMD at the 30% tibia. 
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Abstract 

Objectives 

Accurate assessment of biological maturation is fundamental in pediatric research and clinical care, 
 particularly in chronic conditions that alter typical growth trajectories, such as Type 1 diabetes (T1D). 
Maturation influences physiological responses, metabolic control, and the effectiveness of intervention 
outcomes, including physical activity trials. However, clinical methods for assessing maturation are often 
viewed as sensitive, invasive or impractical in research or clinical settings. Sex-specific maturity offset 
predictions offer a practical, non-invasive approach for estimating somatic maturity using routinely 
collected clinical measures, yet their accuracy has not been evaluated in youth with T1D. 

Methods 

Age and standing height data were extracted from the clinical records of 31 youth with T1D (17 males), 
aged 5ς18 years, resulting in 283 longitudinal observations. Predicted maturity offset (MO) values derived 
from sex-specific Moore equations were compared with growth-based maturity offsets calculated from 
longitudinal height velocity curves generated using cubic spline models. Analyses were restricted to 
observations within ±4 years of age at peak height velocity (APHV). Agreement was evaluated using linear 
regression, Bland-Altman analyses, and subgroup comparisons across discrete maturity stages relative to 
APHV. 

Results 

Predicted maturity offsets showed strong associations with growth-based estimates in females (R² = 0.79) 
and males (R² = 0.82) (Figure 1). In males, a proportional bias was evident, with systematic underestimation 
of maturity offset by the Moore equation (mean difference: -0.42 years; 95% CI: -0.57 to -0.27), particularly 
at higher height-for-age Z-scores. Subgroup analyses demonstrated closer agreement near APHV, with 
larger discrepancies (>0.5 years) observed further from APHV in both sexes, especially among males. 

Conclusions 

Sex-specific Moore maturity offset predictions provide a practical approximation of maturational timing in 
youth with T1D using routinely collected clinical data. However, systematic underestimation observed in 
males may lead to misclassification of maturational status, with important implications for the 
interpretation of growth patterns, physical activity responses and other health-related outcomes. When 
precise maturity assessment is required in pediatric research, longitudinal, growth-based methods remain 
preferable. 
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Figure 1. Scatter-plot, with linear regression fits (red dotted line) between predicted maturity offset (MO) 
and observed MO in female (A) and male (B) children and adolescents with T1D. Grey line pertains to the 
case where y = x. 
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Abstract 

OBJECTIVES:  

Trabecular bone score (TBS), obtained through dual-energy X-ray absorptiometry (DXA), offers an 
indirect measure of trabecular bone microarchitecture that may provide additional information to 
bone mineral density during growth. Despite the close relationship between skeletal maturation and 
puberty, there remains limited data on expected pediatric TBS, related to specific pubertal stages. This 
study sought to establish sex-specific TBS reference curves for a Mexican pediatric population, and 
to examine how pubertal development, defined by Tanner stage, affects TBS values in males and 
females.  

METHODS:  

This cross-sectional analysis of DXA scans of the lumbar spine (GE Lunar iDXA) from 
1,533 healthy participants used TBS Osteo Advanced (version 4), which adjusts for directly-
measured abdominal soft-tissue thickness. TBS values were stratified by sex and Tanner stage (Sexual 
Maturity Rating 1ς5). TBS was analyzed according to Tanner stage, and age-specific percentile curves 
were constructed using Generalized Additive Models for Location, Scale, and Shape (GAMLSS).   

RESULTS:  

Data from 781 females and 752 males (aged 5-18 years) were analysed. In girls, TBS accrual started from 
age 9, whereas in boys this was ages 10 to 11. Both sexes demonstrated significantly 
increased TBS throughout pubertal maturation, with the most pronounced accrual occurring between 
Tanner stages 2 and 3 (13.2% in females and 9.9% in males). 
Females demonstrated larger TBS increases at this stage, from a median of 1.05 at Stage 2, to 1.21 at 
Stage 3, whereas males showed a more gradual increase from Tanner stage 2 
(median TBS, 1.09) to 5 (median TBS, 1.28). Sex- and Tanner stageςspecific TBS percentile curves, along 
with age-referenced curves, were established.  

CONCLUSIONS:  

In Mexican children and adolescents, trabecular bone score exhibits distinct, sex-dependent pubertal 
patterns, with substantial increases during mid-pubertal stages. These findings underscore 
the importance of incorporating pubertal stage alongside chronological age, when interpreting TBS 
in pediatric populations. The provision of Tanner stageςspecific reference data supports the use of TBS 
as a complementary tool for assessing bone microarchitecture during growth and skeletal maturation.  
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Abstract 

Objectives: 

Osteogenesis imperfecta (OI) is often classified as a low bone mass disorder, yet fracture risk may stem 
from structural abnormalities rather than reduced bone mass alone. This study aimed to define the 
structural basis of altered bone mass in OI using second metacarpal morphology and to evaluate 
differences in bone robustness and relative cortical area (RCA) by age, sex, OI type, and 
bisphosphonate treatment. 

Methods: 

This IRB-approved retrospective study analyzed anterior-posterior hand radiographs from 
individuals with OI and age-matched controls. Second metacarpal length and cross-sectional 
geometry were used to calculate robustness (total area/bone length) and RCA (cortical area/total 
area). The study included 276 radiographs from individuals with OI and 701 control radiographs. 
Multiple linear regression models assessed effects of age, sex, OI diagnosis, OI type, and 
bisphosphonate treatment within two years of imaging. Nonparametric tests compared 
morphologic parameters across common OI types. 

Results: 

Across the lifespan, individuals with OI had significantly lower metacarpal robustness compared to 
ŎƻƴǘǊƻƭǎΣ ƛƴŘƛŎŀǘƛƴƎ ŀ ǎƭŜƴŘŜǊ ōƻƴŜ ǇƘŜƴƻǘȅǇŜ όw Ґ ҍлΦлтмΣ Ǉ ғ лΦлрύΦ wƻōǳǎǘƴŜǎǎ ǿŀǎ ǇƻǎƛǘƛǾŜƭȅ 
associated with age and male sex. In contrast, OI diagnosis showed minimal correlation with RCA (R = 
ҍ0.013), suggesting cortical bone mass relative to bone size is largely preserved. Within the OI cohort, 
bisphosphonate treatment was not associated with increased robustness or RCA. OI type was not a 
significant predictor of robustness, although type 3 OI tended toward lower robustness, while types 3 
and 4 exhibited higher RCA than type 1. Sexual dimorphism was observed for robustness but not RCA. 

Conclusions: 

OI should be considered a slender bone phenotype rather than uniformly low bone mass. The 
weak association between OI and RCA challenges its classification as a low bone mass disorder and 
may explain the limited structural benefits of bisphosphonate therapy. These findings support a 
treatment paradigm guided by bone structural phenotype rather than bone mass alone and 
underscore the need for therapies that enhance periosteal expansion and structural strength in OI. 
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Abstract 

Objectives:   

There is little data in the literature on the material properties of infant bone as bone specimens from this 
population are difficult to obtain and mechanical testing requires bone biopsies to be tested destructively. 
 Here we present data from excised rib sections obtained from 50 decedents under the age of 1 year with 
no known bone disorders using 3 point bending (3PB) to failure, Raman spectroscopic imaging, and 
microindentation. 

Methods:  

All specimens were retrieved as antero-lateral cross sections from one rib between levels 2 and 8, wrapped 
in saline-soaked gauze, and frozen until imaging and testing.  Each rib was imaged using microCT to obtain 
bone cross-sectional area (CSA), cross-sectional moments of inertia (second moments of area) about the 
major and minor axes (Imin and Imax), and the diameter in the testing direction.  The specimens were 
tested in 3PB in the pleural to cutaneous direction at a displacement rate of 0.1mm/s until failure followed 
by Raman spectroscopy to evaluate bone composition (inVia confocal microscope, Renishaw) using a 
continuous 785 nm laser beam and a spectral range of 300 ς 1800 cm-1.  The spectra were normalized to 
the v1 phosphate peak near 959 cm-1 and averaged for each sample before important spectral peaks were 
isolated and peak ratios were calculated. Average microindentation results were obtained from at least 10 
cyclical tests performed on the cutaneous surface of each specimen at locations near the fracture line. 

Results:    

Although the age range in this study is small (12 months), significant increases in parameters associated 
with cross-sectional geometry, mechanical strength, and bone mineralization increased with age while 
measures associated with bone material ductility decreased with increasing age (Table1).  All of the 
microindentation measures correlated significantly with decedent age and many 3-point bending measures, 
indicating that this minimally-invasive technique for measuring infant bone material properties might be 
useful for predicting measures that are usually only obtained from destructive testing of biopsied bone 
samples. 

Conclusion:  

Our data provide valuable additional information about the normal bone material properties in infants and 
may indicate a method for obtaining material properties from infants with known bone diseases. 
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Abstract 

Objectives: Bone health is a significant concern in adolescents with cerebral palsy (CP). Despite 
known deficits, uncertainty remains about the implications of unilateral CP on bilateral 
musculoskeletal health. Terminology in the literature often assumes that the contralateral limb 
ŀŎǘǎ ŀǎ ŀ άŎƻƴǘǊƻƭέΤ ƘƻǿŜǾŜǊΣ ŀǎȅƳƳŜǘǊƛŜǎ ŦǊƻƳ ǘƘŜ ŘƛŀƎƴƻǎƛǎ ǊŜǎǳƭǘ ƛƴ ŎƻƳǇŜƴǎŀǘƻǊȅ ƭƻŀŘƛƴƎΣ 
balance challenges, and altered gait, creating muscle weakness between limbs. This unique within-
person model enables exploration of between-limb differences in bone under identical systemic 
factors (e.g. genetics, medication, diet), allowing us to assess whether the less-impaired limb can 
serve as a control. This preliminary analysis explored differences in 1) bone geometry, density and 
strength, and muscle area between the more- and less-impaired limbs in individuals with CP and 2) 
between the more- and less-impaired limb Z-scores to typically developing peers. 

 

Methods: Nine participants aged 10-18 years with unilateral CP underwent peripheral quantitative 
computed tomography scans of both tibiae at the distal metaphysis (3%) and diaphysis (38% and 
66%). Data were converted to age-, sex-, and ethnicity-matched Z-scores from typically developing 
normative data. Paired tȤtests evaluated differences between the moreȤ and lessȤimpaired limb 
ZȤscores. One-sample Wilcoxon signedȤǊŀƴƪ ǘŜǎǘǎ ŎƻƳǇŀǊŜŘ ŜŀŎƘ ƭƛƳōΩǎ ½Ȥscores against zero. 

 

Results: The more-impaired limb was significantly shorter and had lower metaphyseal trabecular 
bone mineral density (Tb.BMD), total bone mineral content (Tt.BMC), and diaphyseal muscle 
cross-sectional area (MCSA) than the less-impaired limb (p<0.05 to p<0.01). No differences were 
observed between limbs at the 38% slice in cortical content, density, thickness, area, 
circumference, or section modulus (p=0.353 to p=0.095). Compared to typically developing 
reference data, both limbs had lower Tb.BMD, cortical BMC, cortical thickness, cortical area, 
endosteal circumference, and MCSA (p<0.05 to p<0.01), but Tt.BMC and section modulus were 
only lower in the more-impaired limb (p=0.021 and p=0.042). Cortical BMD did not differ 
compared to the reference population in either (p=0.655 and p=0.944). 

 

Conclusion: Most outcomes were compromised in adolescents with unilateral CP compared to 
typically developing peers. However, the between-limb loading difference in adolescents with 
unilateral CP appears to affect only trabecular and muscle measures, not cortical outcomes. 
Findings will be confirmed in a larger cohort of adolescents with unilateral CP. 
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Abstract 

BACKGROUND: 

Osteoporotic vertebral compression fractures associated with long-term topical corticosteroid use in 
children are rarely reported. We describe a child with a complex multisystem disorder who developed 
severe, progressive vertebral fractures following high cumulative topical steroid exposure. 

PRESENTING PROBLEM: 

A 14.3-year-old female with a longstanding undiagnosed complex multisystem disorder and an 
ichthyosiform rash presented with 6ς8 weeks of worsening lower back pain and reduced mobility. 
Retrospective estimation revealed a cumulative exposure exceeding 2300 g of mometasone (a potent 
topical steroid) equivalent, related to frequent disease exacerbations. Acitretin and oral hydrocortisone 
replacement therapy were ongoing. Comorbidities included dilated cardiomyopathy, chronic diarrhoea, 
colonic ulceration, malnutrition, and gastrostomy feeding with elemental formula. There was no history of 
long-bone fractures or familial bone disease. A JAK1 variant of uncertain significance was identified; 
however, there was no definitive unifying diagnosis. Examination revealed Cushingoid facies, severe growth 
restriction (height 120 cm, Z-score -6.43; weight 27.7 kg, Z-score -4.38; BMI 19.36 kg/m², Z-score -0.1), 
extensive inflammatory skin lesions, pubertal delay (Tanner breast stage II-III, no pubic or axillary hair), 
lower thoracolumbar tenderness and pain on forward flexion, without spinal deformity or neurological 
deficit. She was normotensive. MRI spine demonstrated mildςmoderate anterior vertebral compression 
fractures from T11ςL4 with marrow oedema indicating acute injury. Vertebral fracture assessment three 

months later showed rapid progression with new severe (grade III)  fractures at T8ςT10, worsening of T11 

to severe, progression of T12 and L3ςL4 to moderate (grade II) , while L1ςL2 remained moderate. (Fig 1 A: 
MRI and B: VFA images).  DXA confirmed severe osteoporosis (lumbar spine BMAD Z-score -4.8; whole body 
less head Z-score -4.0). Inflammatory markers were elevated (CRP 16 mg/L, ESR 70 mm/hr).  LHRH showed 
pubertal response, with low oestradiol (12 pmol/L). Bone age was delayed by three years. 

CLINICAL MANAGEMENT: 

After extensive MDT discussion, intravenous half-dose zoledronate (0.025 mg/kg) was initiated, 
with prednisolone premedication to reduce risk of cutaneous flare. Treatment was well tolerated. 
Further cyclical zoledronate and pubertal monitoring are planned. 

DISCUSSION: 

Osteoporosis was multifactorial, with topical steroid exposure, delayed puberty, chronic 
inflammation, multisystem involvement and malnutrition, contributing to fracture risk. There is a 
need for active osteoporosis screening in children receiving long-term topical corticosteroids. 
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Figure 1:A MRI and B VFA images showing worsening vertebral fractures 
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Abstract 

Background:  

HajduςCheney syndrome (HCS) is an rare skeletal dysplasia caused by gain-of-function truncating variants in 
exon 34 of the NOTCH2 gene, leading to sustained Notch signaling and profound disruption of bone 
remodeling. Progressive osteoporosis, vertebral fractures, and acro-osteolysis are hallmarks of the disorder, 
yet its natural history, age-dependent evolution, and therapeutic responsiveness remain poorly defined due 
to the scarcity of longitudinal data, particularly in pediatric patients. 

Presenting problem:  

We report a unique two-generation family with HCS carrying the same NOTCH2 Gln2223Ter variant, 
offering a rare opportunity to investigate intrafamilial phenotypic variability and disease evolution across 
life stages. Despite identical genotypes, the mother and her son exhibited markedly divergent skeletal 
trajectories: a severe adult phenotype with advanced osteoporosis, multiple vertebral fractures, acro-
osteolysis, and splenomegaly, versus a pediatric-onset form characterized by initially preserved bone 
mineral density (BMD), but early vertebral fractures and progressive spinal deformities. Notably, vertebral 
fragility in the child preceded overt densitometric impairment, challenging the reliance on BMD as a sole 
marker of skeletal risk in HCS. 

Clinical management:  

The mother was treated with denosumab (60 mg subcutaneously every 6 months), achieving significant 
BMD gains at the lumbar spine and femoral neck, without preventing progression of acro-osteolysis. The 
son received neridronate (2 mg/kg every 3 months) from early adolescence, resulting in stabilization of 
BMD and partial reduction in fracture incidence, but continued vertebral remodeling. These contrasting 
therapeutic responses highlight the limits of current antiresorptive strategies in modifying the core skeletal 
pathology driven by aberrant Notch signaling. 

Conclusions:  

This report is among the first to provide longitudinal, side-by-side characterization of pediatric and adult 
HCS within the same family, demonstrating that bone fragility in HCS reflects impaired bone quality rather 
than density alone. Our findings underscore HCS as a model of genetically determined primary 
osteoporosis, in which vertebral fractures may arise despite near-normal BMD. The documentation of age-
dependent skeletal progression, intrafamilial heterogeneity, and differential treatment responses 
represents a novel contribution to the field and reinforces the need for disease-specific monitoring 
strategies that extend beyond densitometry. 
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Abstract 

Children with immobility are at high risk of pathological fractures. Short courses of bisphosphonates have 
been shown to improve bone density; however, their effect on reducing fracture risk is not well described. 
Zoledronic acid (ZA) related adverse events also require further investigation in this medically complex 
population. 

Objectives: 
To describe severe acute phase reactions (APR) of intravenous (IV) ZA in children with immobility-related 
osteoporosis and to estimate fracture-free survival following a course of ZA. 

Methods: 
Retrospective review of referrals for pathological fractures in children with immobility between 2018 and 
2020, who received a course of ZA. ZA was administered at a dose of 0.035ς0.05 mg/kg/infusion. A course 
of ZA was defined as three six-monthly infusions, while severe APR as a life-threatening event, or requiring 
medical intervention or hospital admission following ZA. 

Results: 
Seventeen patients (8 females and 9 males) were referred during the study period. One was excluded 
because they were unable to start treatment. At referral, eight patients had sustained one long-bone 
fracture, while the remainder had sustained two or more fractures. The femur was the most common 
fracture site (88.5%), followed by the tibia (7.7%). 

The mean age at first ZA infusion was 7.44 ± 2.7 years. Adverse effect data were only available following the 
first ZA infusion. 

Three patients had a severe APR after the first ZA infusion, including increased seizure frequency, chest 
pain with tachycardia, and a sepsis-like presentation. Patients were followed up for 13-82 months after 
completing a ZA course. During follow-up, seven patients sustained further fractures (four femur, one tibia, 
and one tibia-fibula). The time to the first post-ZA course fracture ranged from 13 to 51 months, with an 
estimated fracture-free survival of 0.58 (95% CI 0.37ς0.90) at 48 months (Figure 1). 

Conclusions: 
Severe acute-phase reactions were frequent after the first ZA infusion. Cautious patient selection, 
multidisciplinary planning, and close monitoring are required in this population. Only 41% of treated 
children remained fracture-free after four years of completing treatment. Further studies are needed to 
clarify the effectiveness and safety of ZA in this complex population. 
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Abstract 

BACKGROUND: 

Movement disorders in osteogenesis imperfecta (OI) can be multifactorial ς resulting from complications of 
OI, secondary to gene variants causing both bone fragility and neurological features, or co-occurring in 
children and young people (YP) with a dual diagnosis of OI and a movement disorder. Having both 
conditions presents management challenges which require coordinated input from a multidisciplinary team 
(MDT) with sufficient expertise. We describe three patients known to our paediatric neurodisability MDT OI 
Service. 

PRESENTING PROBLEM: 

Patient 1: A 16-year-old girl with COL1A1-related OI type 4 acquired a brain injury with skull fracture 
following a fall aged 6. She has a resultant unilateral dystonic motor disorder affecting her right leg, which 
limits her mobility, causing painful dystonic spasms and posturing. 

Patient 2: A 9-year-old girl with OI type 15 secondary to a WNT1 homozygous pathogenic duplication has 
presented with a bilateral dystonic motor disorder since infancy related to her gene variant. 

Patient 3: A 7-year-ƻƭŘ ōƻȅ ǿŀǎ ōƻǊƴ ǇǊŜǘŜǊƳ ŀǘ оп ǿŜŜƪǎΩ ƎŜǎǘŀǘƛƻƴΣ ǿƛǘƘ ŀ Řǳŀƭ ŘƛŀƎƴƻǎƛǎ ƻŦ hL ǘȅǇŜ м 
secondary to a COL1A2 gene variant and mild bilateral asymmetric cerebral palsy. 

Additional clinical features are tabulated below: 

Clinical Features Patient 1 Patient 2 Patient 3 

Sex Female Female Male 

Year of birth 2009 2017 2018 

Ethnicity White British White British Asian British - 
Bangladeshi 

OI diagnosis OI type 4 OI type 15 OI type 1 

Gene variant COL1A1: 

c.2461G>A p.Gly821Ser 

exon 37 

WNT1: 
c.[216dup];[216dup] 

p.[Arg73fs)]; [(Arg73fs)] 

COL1A2: 

missense variant 
c.343G>A  p.(Gly115Arg) 

Family history (FH) of Negative FH of OI ς 
looked after child in full 

Father heterozygous for 
WNT1 variant. No 

Positive paternal FH of 
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OI guardianship previous FH of 
OI.(Uniparental 
isodisomy for 

chromosome 12) 

OI 

Movement disorder 
diagnosis 

Unilateral right 
dystonic motor 
disorder mainly 

affecting right leg and 
foot 

Bilateral dystonic motor 
disorder with extensor 
posturing in infancy; 
orolingual dyskinesia 
leading to recurrent 
tongue and lip biting 
(improved over time); 
currently stereotypies 

and mild dystonic 
posturing of limbs 

Bilateral dystonic, 
asymmetrical cerebral 

palsy secondary to 
prematurity, Gross 

Motor Function 
Classification System 

(GMFCS) level II 

Age at movement 
disorder onset 

6 years 8 months Infancy Infancy 

Movement disorder 
aetiology 

Acquired parenchymal 
brain injury with skull 

fracture following a fall 
at home 

Pathogenic mechanisms 
not fully understood; 

WNT1 variants may affect 
signalling pathways 
critical for central 
nervous system 
development 

Born preterm at 34 
ǿŜŜƪǎΩ ƎŜǎǘŀǘƛƻƴ 

Neuroimaging CT Head 2016: left 
parietal fracture with 

extradural haematoma 
causing mass effect 
and midline shift, 

basilar invagination 
(BI). MRI Brain 2017: BI 
and mature brain injury 

MRI Brain: Normal 
(Incidental bilateral 

incomplete hippocampal 
rotation) 

MRI Brain: Significant 
white matter volume 
loss with associated 
ventriculomegaly 

Fracture history Multilevel vertebral 
compression fractures 

and long bone 
fractures 

Multilevel vertebral 
compression fractures 

and long bone fractures, 
ongoing upper limb 

fractures 

Likely in-utero right 7th 
rib fracture, fracture of 

right 4th +/- 5th 
metatarsals 2022 

Other clinical 
features 

Dentinogenesis 
imperfecta, BI on MRI 
brain 2015, occipito-
cervical fusion 2019, 
left convex lumbar 
scoliosis Cobb angle 

30°, ongoing 
headaches and chronic 

pain 

Bilateral congenital 
ptosis, Type 2N von 

Willebrand disease, from 
3 months old left convex 
thoracic scoliosis, Cobb 
angle 22°. Progressive - 
aged 8 years Cobb angle 

51° 

Nosebleeds, mild 
tightness right knee 

extension. In standing: 
bilateral calcaneovalgus 
of feet, right > left, with 
midfoot broaching and 

Achilles tendon 
tightness 
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OI management Bisphosphonate 
infusions commenced 

2012 ς ongoing 

 

Bisphosphonate infusions 
commenced 2018, last 
given 2024. Compliance 
difficult due to autism 

spectrum disorder (ASD), 
finds hospital attendance 

stressful 

Bisphosphonate 
infusions commenced 
2024 for management 
of musculoskeletal pain 
and fatigue ς ongoing 

 

 
 

Most recent bone 
mineral density 
(BMD) Z-score 

 
 

BMD Z score = -2.3, 
BMAD Z score = -0.31 

 

 
 

BMD Z score = -3.7, 
BMAD Z score = -4.64 

 

BMD Z score = -1.7, 
BMAD Z score = -1.51 

Movement disorder 
management 

Repeated ultrasound 
guided intramuscular 

Botulinum toxin 
injections to right leg, 
ankle and toes with 

topical local 
anaesthetic / nitrous 
oxide sedation. Oral 

gabapentin for 
symptomatic relief. 

Provision of ankle foot 
orthosis and post-

injection physiotherapy 

As a wheelchair user 
experiences ongoing 
involuntary dystonic 
posturing of mouth, 

tongue and limbs and 
stereotypies. Since these 
are not causing functional 

difficulties or pain, our 
MDT management has 

focused on 24-hour 
postural management 

and provision of a Lycra 
suit 

Orthotic management 
with bilateral fixed 
ankle foot orthoses, 

occasional Kaye walker 
use over longer 

distances. Ongoing 
physiotherapy and 

occupational therapy 
input. No other tonal 

management currently 
required 

Orthopaedic 
management 

Left femoral 
intramedullary rod 
insertion. Screw 

fixation and tibialis 
posterior lengthening 

for recent right 5th 
metatarsal fracture 

non-union 

Bilateral lower limb 
intramedullary rodding 

Hip surveillance and 
monitoring of foot 

posture 

Neurodevelopment Slow processing and 
significant verbal 

memory difficulties 
post brain injury. Pain 
Management Team 

input for symptoms of 
chronic pain 

ASD ς scores well above 
chronological age on 
cognitive assessment. 
Recently referred to OI 

Team psychologist due to 
hospital-related anxiety 

Global developmental 
impairment but making 

steady progress. 
Receives one-to-one 

input at school 

 

CLINICAL MANAGEMENT: 

Treatment of co-occurring OI and movement disorders requires special consideration e.g. Patient 1 requires 
careful handling during toxin injections to minimise fracture risk. Movement disorder management is based 
on functional goals and optimising participation ς ŦǊŀƳŜǿƻǊƪǎ ǎǳŎƘ ŀǎ ǘƘŜ ²ƻǊƭŘ IŜŀƭǘƘ hǊƎŀƴƛȊŀǘƛƻƴΩǎ 
International Classification of Functioning, Disability and Health ς Children & Youth Version (ICF-CY) and 
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/ŀƴ/ƘƛƭŘΩǎ C-words (Functioning, Family, Fitness, Fun, Friends and Future) are appropriate goal-setting tools 
for both OI and movement disorders. 

DISCUSSION: 

Osteogenesis imperfecta and movement disorders can be associated for various reasons, and co-
occurrence makes clinical management more complex. Co-ordinated input from an MDT with expertise in 
both domains is required to adequately assess and manage children and YP with these presentations, 
taking a holistic approach across the lifespan to treat both OI and movement disorder symptoms. 
Reasonable adjustments may be required with careful consideration of longer-term outcomes. Tools such 
as the ICF-CY and F-words are useful to set meaningful personalised goals for management, optimising 
participation. 
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Abstract 

Objectives:  

Trabecular Bone Score (TBS) is widely used to assess bone microarchitecture and fracture risk in adults; 
however, its clinical utility in pediatric populations remains unclear due to limited reference data. This study 
aimed to evaluate TBS in children with autoimmune gastrointestinal diseases and to investigate its 
associations with clinical, laboratory, and densitometric parameters. 

Methods:  

This retrospective study included 152 children aged 5ς18 years (mean age 13.15 ± 3.24 years; 61 girls, 91 
boys). Participants were divided into three groups: children with autoimmune gastrointestinal diseases (n = 
прΤ ǳƭŎŜǊŀǘƛǾŜ ŎƻƭƛǘƛǎΣ /ǊƻƘƴΩǎ ŘƛǎŜŀǎŜΣ ŀƴŘ ŎŜƭƛŀŎ ŘƛǎŜŀǎŜύΣ ŎƘƛƭŘǊŜƴ ǿƛǘƘ ŀ ƘƛǎǘƻǊȅ ƻŦ ŦǊŀŎǘǳǊŜǎ όƴ Ґ отύΣ ŀƴŘ 
controls without fractures or gastrointestinal disease (n = 70). Data collected included anthropometric 
measurements, pubertal stage, and serum 25-hydroxyvitamin D (25OHD) levels. Dual-energy X-ray 
absorptiometry (DXA) was performed at the total body less head (TBLH) and lumbar spine. Areal bone 
mineral density (aBMD) Z-scores were adjusted for height-for-age Z-score (HAZ). TBS values were 
normalized for pubertal stage and expressed as TBS Z-scores. 

Results:  

Low bone mass (aBMD Z-ǎŎƻǊŜ Җ ҍнύ ǿŀǎ ƻōǎŜǊǾŜŘ ƛƴ олΦо҈ ƻŦ ǇŀǊǘƛŎƛǇŀƴǘǎ ŀǘ ¢.[I ŀƴŘ ммΦм҈ ŀǘ ǘƘŜ 
lumbar spine; after height adjustment, prevalence was 19.1% and 5.2%, respectively. A TBS Z-ǎŎƻǊŜ ғ ҍн 
ǿŀǎ ŦƻǳƴŘ ƛƴ рΦн҈ ƻŦ ŎƘƛƭŘǊŜƴΣ ōŜǘǿŜŜƴ ҍм ŀƴŘ ҍн ƛƴ нлΦп҈Σ ŀƴŘ Ҕ ҍм ƛƴ тпΦо҈Φ bƻ ǎƛƎƴƛŦƛŎŀƴǘ ŘƛŦŦŜǊŜƴŎŜǎ ƛƴ 
TBS or TBS Z-scores were observed among the three groups. In the overall cohort, TBS correlated positively 
with age, height SDS, weight SDS, BMI SDS, and DXA-derived parameters. TBS Z-scores were positively 
associated with aBMD Z-scores and HAZ-adjusted aBMD at both skeletal sites. No association was found 
between TBS and serum 25OHD levels. Children with fractures had significantly lower HAZ-adjusted lumbar 
spine aBMD compared with the other groups (p < 0.05). 

Conclusions: 
TBS is associated with growth-related and densitometric parameters but not with vitamin D status in 
children. This study did not demonstrate increased fracture risk assessed by TBS in children with 
autoimmune gastrointestinal diseases. Larger, prospective pediatric studies are needed to define the 
clinical role of TBS in fracture risk assessment. 
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Abstract 

Objective:  

To assess sleep quality and excessive daytime sleepiness, with particular emphasis on chronic pain, 
and to examine their associations with patient- and parent-reported health-related quality of life 
(HRQoL) in individuals with osteogenesis imperfecta (OI) aged 8ς23 years. 

Methods:  

This single-center, cross-sectional observational study analyzed questionnaire data from 20 patients with OI 
aged 8ς23 years and their primary caregivers (n=20), and compared them with 16 age-matched healthy 
controls and their primary caregivers (n=16). Participants completed the Pittsburgh Sleep Quality Index 
(PSQI) and the Epworth Sleepiness Scale (ESS) to assess sleep quality and daytime sleepiness, respectively. 
Health-related quality of life was assessed using age-appropriate Pediatric Quality of Life Inventory (PedsQL 
4.0) self-report forms, and caregivers completed the PedsQL 4.0 parent-proxy report. Clinical data of OI 
patients (OI type, fracture burden, treatment status, pain, and mobility) were obtained from medical 
records. 

Results:  

There were no significant differences between the OI and control groups in total sleep quality 
(PSQI total, p=0.859), daytime sleepiness (ESS total, p=0.293), or sleep efficiency (p=0.543). The 
ǇǊŜǾŀƭŜƴŎŜ ƻŦ ǇƻƻǊ ǎƭŜŜǇ όt{vL җрύ ǿŀǎ ǎƛƳƛƭŀǊ ōŜǘǿŜŜƴ ƎǊƻǳǇǎ όǇҐмΦлллύΣ ŀǎ ǿŀǎ ŜȄŎŜǎǎƛǾŜ 
daytime sleepiness (ESS >10; p=1.000). PSQI Component 5 (sleep disturbances) did not differ 
between groups (p=0.088). Child self-reported overall HRQoL differed between groups (PedsQL 
child total, p=0.015), and parent-proxy psychosocial health was lower in the OI group (p=0.046). 
Within the OI group, PSQI total was inversely correlated with child-ǊŜǇƻǊǘŜŘ Iwvƻ[ ǘƻǘŀƭ όˊҐҍлΦсрΣ 
p=0.0045), and pain-related nocturnal sleep disruption (PSQI item 5i) was also inversely correlated 
with child-ǊŜǇƻǊǘŜŘ Iwvƻ[ όˊҐҍлΦсмΣ ǇҐлΦллууύΦ 

Conclusion:  

Overall sleep quality and daytime sleepiness did not differ between children with OI and healthy controls. 
However, within the OI group, sleep disturbancesτparticularly pain-related nocturnal disruptionτwere 
strongly associated with poorer child-reported HRQoL, indicating that sleep quality is clinically relevant to 
well-being in children with OI. 
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Abstract 

Background:  

Glucocorticoid-induced osteoporosis (GIO) is one of the most common complications occurring in systemic 
lupus erythematosus (SLE) children and adolescents receiving glucocorticoid treatment. Trabecular bone 
score (TBS) is a non-invasive technique for bone quality assessment. 

Objectives:  

To compare the incidence of vertebral fracture (VF) and changes in lumbar spine bone mineral density 
(BMD) in pediatric patients with systemic lupus erythematosus receiving glucocorticoid therapy who had 
decreased versus increased trabecular bone score over a 1-year follow-up. 

Methods:  

This retrospective cohort included SLE patients treated with glucocorticoids who underwent at least two 
¢.{ ŀǎǎŜǎǎƳŜƴǘǎ ǎŜǇŀǊŀǘŜŘ ōȅ җмн ƳƻƴǘƘǎΦ ¢.{ ǿŀǎ ŀŎǉǳƛǊŜŘ ŦǊƻƳ 5·!-BMD lumbar spine imaging. Clinical 
parameters, VF and BMD were compared between those who decreased TBS Z-score and increased TBS Z-
score. 

Results:  

Thirsty-one SLE patients were included. Of them, 3 (9.6%) were male. Fourteen patients experienced a 
decrease in TBS Z-score, while 17 showed an increase. The interval between examinations was 16 months 
(13, 21) in the decreased TBS Z-score group and 17 months (15, 24) in the increased TBS Z-score group, with 
no statistically significant difference between groups (p 0.24). Three cases of VF were identified; two 
patients were in the decreased TBS Z-score group and one was in the increased group, however, the 
difference in VF incidence between two groups was not statistically significant (p 0.43). Both LS BMD Z-
score and LS BMAD Z-score were significantly lower in the decreased TBS Z-score group compared to the 
increased group. 

Conclusions:  

Pediatric patients with SLE receiving glucocorticoid treatment who had a decreased TBS Z-score were at 
higher risk of vertebral fractures and had a significantly greater decrease in lumbar spine bone mineral 
density compared with those with an increased TBS Z-score. 
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Abstract 

Objectives:  

Children with chronic illness have a constellation of adverse factors predisposing them to develop fractures. 
This study aimed to assess fracture burden in children with chronic illness at risk of osteoporosis. It also 
aimed to identify predictors of incident fractures using clinical data, bone density parameters and bone 
turnover markers. 

Methods:  

This was a longitudinal cohort study conducted at Hong Kong Children's Hospital. Patients aged 6-19 years 
with conditions predisposing to secondary osteoporosisτsuch as immobility-related disorders (e.g., spinal 
muscular atrophy [SMA], Duchenne muscular dystrophy [DMD] etc.) or long-term glucocorticoid exposure 
όҗр ƳƎκŘŀȅ ƻǊ лΦм ƳƎκƪƎκŘŀȅ ǇǊŜŘƴƛǎƻƭƻƴŜ ŜǉǳƛǾŀƭŜƴǘ ŦƻǊ җо ƳƻƴǘƘǎύτwere included. Patients on prior 
history of fractures, bone-targeted therapies (e.g., bisphosphonates), or with estimated glomerular 
filtration rate <90 mL/min/1.73 m² were excluded. Participants underwent annual assessments over two 
years, with the primary endpoint of new long bone or vertebral fractures. Evaluations included high-
resolution peripheral quantitative computed tomography (HR-pQCT) at distal radius, dual-energy X-ray 
absorptiometry (DXA) with trabecular bone score (TBS), vertebral morphometry, bone age, serum bone 
profile, 25-hydroxyvitamin D, C-terminal telopeptide of type 1 collagen (CTX), procollagen type 1 N-terminal 
propeptide (P1NP), fibroblast growth factor 23 (FGF23)], CUHK-PARCY (Chinese University of Hong Kong 
Physical Activity Rating for Children and Youth), and Vignos scores (lower extremity function scale). 

Results:  

In total, 118 children were recruited; median age was 14.4 years (IQR 9.8-16.9); 59 were male. Median 
CUHK-PARCY score was 2 (IQR 1-3), Vignos score was 1 (IQR 1-2), and 75 (63.6%) had long-term steroid 
exposure. Eighteen were lost to follow-up; 100 completed two years. Twenty-two (22%) developed incident 
fractures (1 long bone [left femur], 21 vertebral). Those with fracture were more often male (81.3% vs 
51.2%; p=0.026), with lower DXA LS BMD Z-scores (-2.3 vs -1.2; p=0.025) and TBS (1.300 vs 1.352; p=0.044). 
No significant differences were observed in steroid exposure, HR-pQCT parameters, biomarkers, CUHK-
PARCY scores, or Vignos scales. 

Conclusions:  

A high incident fracture rate was observed in this cohort, with male sex, lower DXA LS BMD, and TBS as key 
predictors. These findings may facilitate future stratification of patients at highest risk. 
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Abstract 

Introduction:  

Bone health is significantly affected in Beta Thalassemia Major(BTM) because of ineffective erythropoiesis 
leading to marrow hyperplasia, iron overload, hypogonadism, vitamin D deficiency and renal dysfunction. 
While we have previously reported that prevalence of fractures in children with BTM is higher, repeated 
assessments are required to characterise the longitudinal course. Therefore, our objective was to assess 
changes in lumbar spine bone mineral density (LSBMD) between baseline and 1-year follow-up DXA scans in 
children with BTM. 

Method:  

This retrospective observational study included 40 children with BTM who had lumbar spine DXA 
assessments at baseline and at 1-year follow-up. Clinical, anthropometric, and laboratory data were 
extracted. DXA scans were performed using a GE Lunar Prodigy system (software version 13.31). Changes in 
lumbar spine bone mineral density (LSBMD) over one year were analysed using univariate analysis of 
covariance (ANCOVA). 

Results:  

Of the 40 participants, 8 were girls; mean age was 12.5 ± 7.4 years. At baseline, 28.2% (n = 11) had poor 
LSBMD (Z-score < ς2.0). Children with poor LSBMD were older, lighter, and poorly chelated (p < 0.05). At 1-
year follow-up, there was a significant decline in mean LSBMD Z-score, serum calcium, and vitamin D levels 
(Fig 1). During follow-up, 25% of those with normal baseline LSBMD (7/28) developed poor LSBMD, while 
54.5% (6/11) with low baseline LSBMD improved to Z-scores > ς2.0, coinciding with optimisation of 
transfusion, chelation, and calcium/vitamin D supplementation. LSBMD Z-score correlated positively with 
weight Z-score (r = 0.53, p < 0.05) and negatively with serum ferritin (r = ς0.46, p < 0.05).  A significant 
ŜŦŦŜŎǘ ƻŦ ǾƛǘŀƳƛƴ 5 ƭŜǾŜƭǎ ǿŀǎ ƻōǎŜǊǾŜŘΣ C όрΣмύ Ґ сΦтрсΣ Ǉ Ґ лΦлмсΣ ʹч Ґ лΦннтύ ƻƴ ŎƘŀƴƎŜ ƛƴ [{.a5 ½ ǎŎƻǊŜ ƛƴ 
univariate general linear regression. 

Conclusion:  

Children with BTM demonstrate a high burden of low LSBMD, particularly those who were underweight, 
poorly chelated, or vitamin D deficient. Over one year, deterioration in bone density was observed in a 
substantial proportion, despite improvement in others following optimisation of clinical care. Our findings 
highlight the dynamic nature of bone health in BTM and support the need for regular longitudinal 
monitoring and optimisation of transfusion, chelation, and vitamin D status. 
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Figure 1: Percent change in biochemical parameters and lumbar spine BMD Z-score over one year in 
children with beta thalassemia major. 
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Abstract 

Objectives: Children with spastic, diplegic cerebral palsy (CP) have stiff muscles resulting in abnormal gait. 
Our research has shown that their lower limbs adapt to this biomechanical environment resulting in bone 
deformities, smaller cross-sectional area, and fewer trabeculae. A common treatment to reduce spasticity 
and improve motor function in young children with CP is selective dorsal rhizotomy (SDR), where sensory 
nerve rootlets associated with abnormal muscle tone are sectioned. This study investigated gait, bone 
density, and bone microarchitecture before and up to 12 months after SDR. 

Methods: Children eligible for a SDR surgery were recruited based on: i) ambulatory spastic diplegia, ii) age 
of 3-8 years, iii) strength underlying spasticity. Functional outcomes included Modified Ashworth Scale, 
Gross Motor Function Measure (GMFM) and Gait Deviation Index (GDI). Areal BMD Z-scores at proximal 
and distal femur were measured with dual x-ray absorptiometry (DXA). High resolution peripheral 
quantitative computed tomography (HRpQCT) was performed at distal tibia in CP subgroup (n=5) compared 
to non-CP controls (n=7). Linear mixed models or fixed-effects models investigated effects of group, time, 
and interaction. 

Results: In the CP group (n=11 males; n=1 female; age=5.3±0.8 years), SDR eliminated lower limb muscle 
group spasticity measured with Modified Ashworth scale. GMFM improved from Month12 to baseline by 
on average 4.7 points (p<0.01), while GDI increased by 25% from baseline to Month6 and Month12 
(p<0.001). Kinematic gait analysis showed significant improvements, primarily in foot dorsiflexion and foot 
progression angles. Proximal and distal femur aBMD Z-scores transiently declined at Month6 after SDR 
(p<0.01). HRpQCT-measured trabecular area, cortical area, cortical perimeter, and trabecular bone volume 
fraction increased by 6-18% at the distal tibia from baseline to Month12 in CP and non-CP control groups. 

Conclusions: The elimination of muscle spasticity with SDR improved gait patterns in children with CP. Even 
though children with CP had smaller bone geometry than controls, gains in bone geometry over 12 months 
were similar to non-CP controls. Children with spastic diplegia have fewer trabeculae; longer follow-up may 
be required to observe new trabeculae adapted to the new biomechanics. These findings highlight the 
complex but mainly beneficial musculoskeletal adaptations following elimination of spasticity. 
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Abstract 

Background: 

 
Primary Ovarian Insufficiency (POI) in adolescents and young women is associated with reduced bone 
mineral density (BMD) and elevated fracture risk. While BMD reflects bone quantity, the trabecular bone 
score (TBS) offers complementary insights into bone quality. Data on bone health parameters in young 
females with POI, particularly comparing Turner syndrome (TS) and non-TS etiologies, remain scarce. We 
aimed to evaluate BMD and TBS in this population and assess the impact of hormone replacement therapy 
(HRT). 

Methods: 
 

We conducted a retrospective study of girls aged 10ς24 years with POI who underwent dual-energy X-ray 
absorptiometry (DXA) at our center between 2020ς2025. POI was defined as irregular menses and FSH >20 
IU/L on two occasions. Lumbar spine BMD was assessed (GE Lunar Prodigy) and adjusted for size using bone 
mineral apparent density (BMAD). Trabecular bone microarchitecture was analyzed using TBS iNsight 
(Medimaps). Z-scores were calculated from age- and sex-specific reference data. Clinical and hormonal 
characteristics were retrieved from medical records and compared between TS and non-TS patients. 

Results: 
 

Twenty-eight girls (mean age 18.4 ± 3.7 years) underwent DXA. POI was diagnosed at a mean age of 13.9 ± 
3.1 years, earlier in TS vs. non-TS (11.6 ± 1.6 vs. 15.4 ± 2.9 years, p = 0.001). At baseline, mean lumbar spine 
BMD Z-score was ς1.50 ± 1.20, and TBLH Z-score ς0.67 ± 0.81, both below normative values. TBS Z-scores 
were also reduced (ς0.73 ± 0.8), and significantly lower in non-TS compared with TS (ς1.01 ± 0.74 vs. ς0.23 
± 0.70, p = 0.01). TS patients had longer HRT exposure before DXA (3.9 ± 3.1 vs. 0.3 ± 1.6 years, p = 0.03). In 
four girls with follow-up DXA, TBS Z-scores improved after ~2 years of HRT (ς0.83 ± 0.8 to ς0.32 ± 0.62, NS). 

Conclusions: 
 

Adolescents and young women with POI exhibit impaired bone mass and quality. Non-TS patients are 
particularly vulnerable, with lower BMD and TBS compared with TS, possibly reflecting shorter HRT 
exposure. These findings underscore the importance of early diagnosis and timely initiation of HRT to 
optimize bone health in girls with POI. 
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Abstract 

Objective: Clarify relationships between bone turnover markers, bone mineral density (BMD) and gross 
motor impairment in prepubertal children with cerebral palsy (CP) 

Methods: A cross-sectional study from June 2021-December 2022 enrolled 70 children with CP and 30 
neurotypical children. Children with CP were categorized as mild (Gross Motor Function Classification Score 
(GMFCS) I or II) or moderate-severe (GMFCS III-V). Measurement of osteocalcin, C-terminal telopeptide, 
sclerostin, Intact N-Terminal Propeptide of Type 1 Procollagen and 25-OH-vitamin D, was obtained via 
morning blood draw. Whole body less head (WBLH), lumbar spine (LS), total hip (TH), 1/3 distal radius (DR) 
and lateral distal femur (LDF) BMD was obtained by DXA (Hologic), with Z-scores calculated using age and 
sex specific reference ranges (Zemel 2025). Caregivers completed a 24-hr dietary recall for participants. The 
degree of gross motor impairment in those with CP was quantified by the Pediatric Outcomes Data 
Collection Instrument (PODCI). Pearson correlations were calculated to determine the relationship between 
bone turnover markers and BMD at each skeletal site. 

Results: Children with moderate-severe CP (n=36) had lower height for age Z-score (HAZ) than children with 
mild CP (n=34) or controls (n=30), though BMI was similar among groups. Daily vitamin D intake was higher 
in children with moderate-severe CP (20.2mcg/day vs. 7.1mcg/day, p=0.003), though most participants 
were vitamin D sufficient (>30ng/mL). Race-neutral BMD Z-scores positively correlated with global 
functioning on PODCI: LS (r=0.56), TH (r=0.67), FN (r=0.67) and LDF (R1: r=0.57, R2 r=0.56, R3 r=0.45) (all 
p<0.001). Bone formation markers (osteocalcin, P1NP) were lower in those with moderate-severe CP. In 
controls, there was no correlation between serum P1NP and BMD Z-scores, however P1NP was weakly 
correlated with race neutral BMD Z-score at most skeletal sites (r values LS: 0.45, TH: 0.41, FN: 0.40, DR: 
0.36, LDF R1 0.33, LDF R2 0.31, LDF R3 0.34, all p-values < 0.05). 

Conclusions: In this modern cohort of prepubertal children with cerebral palsy, BMD Z-scores were already 
low at weight-bearing skeletal sites with evidence of reduced bone formation compared to healthy 
controls. Further investigation into anabolic pathways is needed to support bone health in children with 
moderate-severe CP. 

Table 1: 

  Controls 

n=30 

GMFCS I & II 

n=34 

GMFCS III, 
IV, V 

n=36 

P-
value 

Age (years) 8.4 (7.6, 9.5) 7.9 (6.7, 9.0) 7.7 (6.6, 
9.0) 

0.16 

Sex (male) 16 (53%) 21 (62%) 24 (67%) 0.54 

Race 

White/Caucasian 

 

25 (83%) 

 

28 (82%) 

 

34 (94%) 

0.27 
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Black/African American 

Other 

2 (7%) 

3 (10%) 

4 (12%) 

2 (6%) 

0 (0%) 

2 (6%) 

Height*-for-age Z-score 
(HAZ) 

0.27 (-0.10, 
0.92) 

-0.15 (-0.94, 
0.79) 

-1.51 (-2.81, 
-0.56) 

<0.001 

Weight-for-age Z-score 
(WAZ) 

0.15 (-0.42, 
0.90) 

0.10 (-1.02, 
1.42) 

-1.10 (-2.14, 
0.09) 

<0.001 

BMI Z-score 0.02 (-0.79, 
0.85) 

0.45 (-0.82, 
1.52) 

-0.03 (-0.95, 
0.81) 

0.37 

History of fracture 5 (17%) 7 (21%) 4 (11%) 0.55 

Estimated daily calcium 
intake (mg) 

1062 (808, 
1218) 

757 (529, 
1148) 

997 (763, 
1283) 

0.26 

On Proton Pump Inhibitor 2/29 (7%) 10 (29%) 14/35 (40%) 0.006 

On seizure medication 0 (0%) 13 (38%) 20 (56%) <0.001 

DXA Bone Mineral Density Race Neutral Z-scores 

Lumbar spine (n) 30 34 30  

Lumbar Spine 0.21 (-0.54, 
0.80) 

-0.38 (-1.00, 
0.90) 

-1.46 (-2.83, 
-0.85) 

<0.001 

Lumbar Spine (height 
adjusted) 

-0.03 (-0.57, 
0.49) 

-0.04 (-0.76, 
0.84) 

-0.74 (-1.45, 
-0.19) 

0.008 

Whole Body Less Head (n) 30 33 9  

Whole Body Less Head -0.54 (-1.02, 
0.29) 

-1.04 (-1.85, -
0.21) 

-2.19 (-3.54, 
-1.75) 

<0.001 

Whole Body Less Head 
(height adjusted) 

-0.63 (-1.22, 
0.13) 

-0.75 (-1.60, -
0.07) 

-1.55 (-1.63, 
-1.13) 

0.03 

Total Hip (n) 30 34 15  

Total Hip -0.35 (-0.76, 
0.34) 

-1.10 (-1.73, 
0.61) 

-2.76 (-4.16, 
-1.43) 

<0.001 

Total Hip (height 
adjusted) 

-0.27 (-0.84, 
0.15) 

-0.88 (-2.02, 
0.13) 

-2.20 (-4.04, 
-1.18) 

<0.001 

Femoral Neck -0.38 (-0.68, 
0.40) 

-1.08 (-1.80, 
0.29) 

-3.51 (-5.57, 
-2.03) 

<0.001 
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Femoral Neck (height 
adjusted) 

-0.36 (-0.82, 
0.35) 

-1.08 (-1.73, -
0.10) 

-2.73 (-5.03, 
-1.83) 

<0.001 

1/3 Distal Radius (n) 30 32 30   

1/3 Distal Radius -0.35 (-0.83, 
0.72) 

0.01 (-0.81, 
0.66) 

-0.90 (-2.02, 
-0.29) 

0.002 

Lateral distal Femur (n) 30 33 31   

Lateral Distal Femur R1 0.07 (-0.61, 
0.59) 

0.02 (-1.13, 
0.84) 

-2.13 (-3.95, 
-1.21) 

<0.001 

Lateral Distal Femur R2 -0.43 (-0.89, 
0.20) 

-0.55 (-1.32, 
0.19) 

-3.44 (-5.20, 
-1.39) 

<0.001 

Lateral Distal Femur R3 -0.69 (-1.17, 
0.26) 

-0.50 (-1.59, 
0.37) 

-2.86 (-4.63, 
-1.17) 

<0.001 

Bone Turnover Markers 

(n) 30 34 36  

Intact N-Terminal 
Propeptide of Type 1 
Procollagen (pg/mL) 

601 (492-
713) 

[343-1200] 

552 (456-
729) 

[203-1082] 

474 (361-
558) 

[187-831] 

0.005 

Sclerostin (pmol/L) 28 (23-34) 

[8-51] 

23 (20-34) 

[6-43] 

24 (16-31) 

[3-48] 

0.10 

Osteocalcin (ng/mL) 95 (77-123) 

[45-172] 

84 (65-95) 

[39-138] 

72 (49-92) 

[28-121] 

0.007 

C-terminal telopeptide 
(pg/mL) 

1400 (1200-
2100) 

[600-2300] 

1200 (1000-
1500) 

[800-2300] 

1200 (900-
1400) 

[400-2100] 

0.01 

25-hydroxyvitamin D 
(ng/mL) 

34.9 (30.5-
40.4) 

[24.1-60.4] 

38.1 (31.4-
44.7) 

[14.9-89.0] 

42.6 (33.6-
52.7) 

[20.4-90.7] 

0.046 

Data presented as median (25th-75th percentile) [min-max] *Estimated height based on tibial length. Complete data unless 

otherwise specified by stated denominator. 
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Abstract 

Background:  

Loss-of-function mutations in SGMS2, encoding sphingomyelin synthase 2, have been implicated in 
Autosomal Dominant Osteoporosis with Calvarial Doughnut Lesions (ADOCDL). Affected individuals 
present with generalized low bone mineral density, frequent vertebral fractures, and abnormal 
skull ossification. Data regarding treatment are limited, although individual reports suggest 
potential benefits of bisphosphonate therapy. 

Presenting problem: 

The aim of this study was to evaluate the effects of bisphosphonate treatment in siblings with osteoporosis 
associated with ADOCDL. 

Clinical management: 

Two female siblings harboring SGMS2 mutations and presenting with a classical ADOCDL 
phenotype were included. Clinical examination revealed palpable sclerotic protuberances of the 
skull consistent with calvarial bone overgrowth. Dual-energy X-ray absorptiometry demonstrated 
significantly reduced bone mineral density. In patient 1, total body less head (TBLH) Z-score was 
ҍ2.3 and spine Z-ǎŎƻǊŜ ҍоΦмΤ ƛƴ ǇŀǘƛŜƴǘ нΣ ¢.[I ½-ǎŎƻǊŜ ǿŀǎ ҍоΦо ŀƴŘ ǎǇƛƴŜ ½-ǎŎƻǊŜ ҍнΦтΦ 
Radiological evaluation confirmed multiple vertebral fractures in both patients, leading to a 
diagnosis of osteoporosis. 

Both patients were treated with intravenous bisphosphonates, initially sodium pamidronate (nine cycles), 
followed by zoledronic acid (two cycles). Treatment resulted in improvement in bone mineral density and 
radiological signs of vertebral remodeling. 

Summary: 

Bisphosphonate therapy appears to be effective in patients with ADOCDL-related osteoporosis, 
leading to improved bone mineral density, vertebral restoration, and prevention of further 
fractures. These findings support the use of bisphosphonates as a therapeutic option in this rare 
genetic disorder. 
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Abstract 

BACKGROUND: 

Scurvy, caused by vitamin C deficiency, remains a rare but preventable cause of musculoskeletal pathology. 
Children with severe restrictive dietary patterns often associated with autism spectrum disorder (ASD) are 
at increased risk. Skeletal manifestations may be severe, and delayed recognition can result in pathological 
fractures and long-term morbidity. We present a case series of three children with severe food selectivity 
and pathological vertebral or long bone fractures due to vitamin C deficiency, in whom delayed diagnosis 
was attributable to under-recognition of scurvy as a cause of pediatric fragility fractures. 

PRESENTING PROBLEM: 

Three patients aged 7 to 11 years with diagnosed or suspected ASD and long-term restrictive diets 
presented with pain and manifestations of scurvy. Patients A and B presented with progressive lower 
extremity pain associated with limp and refusal to bear weight, and patient C presented with progressive 
back pain. Two patients (B and C) presented with gingival hyperplasia and bleeding. 

Imaging revealed low lumbar spine bone mineral density (BMD) with multiple thoracic or lumbar vertebral 
body fractures in patients A and C, respectively, and an insufficiency fracture at the distal femur in patient 
.Φ {ŜǊǳƳ ǾƛǘŀƳƛƴ / ƭŜǾŜƭǎ ǿŜǊŜ ōŜƭƻǿ мл ˃Ƴƻƭκ[ ƛƴ ŀƭƭ ŎŀǎŜǎΦ 9ƳǇƛǊƛŎ ǘǊŜŀǘƳŜƴǘ ŦƻǊ ǎǳǎǇŜŎǘŜŘ ǎŎǳǊǾȅ ōŀǎŜŘ 
on dietary history and clinical presentation was initiated prior to laboratory confirmation. Alternative 
causes of secondary osteoporosis were excluded in all cases. 

CLINICAL MANAGEMENT: 

Empiric vitamin C supplementation for suspected scurvy led to rapid clinical improvement by day 3 of 
treatment, with significant pain reduction and resumed ambulation in all patients. Treatment included 
initial high-dose vitamin C (125ς300 mg/day), followed by long-term maintenance therapy (90ς100 
mg/day). Follow-up demonstrated stabilization of fragility fractures and symptom resolution over 6ς12 
months. 

DISCUSSION: 

This case series highlights scurvy as an underrecognized cause of pathological fractures in pediatric patients 
with severe food selectivity, often associated with ASD. Skeletal complications can occur in the absence of 
classic systemic and mucocutaneous features, contributing to diagnostic delay. These cases underscore the 
importance of including scurvy, an easily treatable condition, in the differential diagnosis of vertebral and 
lower extremity fractures in at-risk populations. 
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None declared 
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Abstract 

OBJECTIVES: 

To show that vertebral compression fractures (VCFs) presenting with back pain and no or low energy 
trauma may be the first sign of underlying bone metabolism disease or a concurrent finding on the basis of 
a genetic disorder. To highlight the role of orthopedic in early diagnosis and to increase awareness of 
diseases potentially debilitating if left undiagnosed. 

 

METHODS: 

This review summarizes pediatric cases presented in our Orthopedic Department with back pain as sole 
symptom and history of no or low energy trauma. Imaging depicted VCFs while further bone metabolism 
and genetic evaluation revealed a metabolic bone disease or a genetic disorder with bone involvement. 

 

RESULTS: 

We demonstrate nine pediatric patients presented with back pain on outpatient basis, the careful 
evaluation of whom revealed VCFs as first sign of underlying bone metabolism diseases. In the table are 
depicted details of age, sex, history of trauma, imaging and genetic results. Five patients were found with 
specific mutations related to bone metabolism disorders, one patient had negative genetic examination, 
one demonstrated VCFs due to autoimmune hepatitis treated with corticosteroids, and two presented with 
VCFs on the basis of genetic disorders. They were treated with bracing or casting controlling pain and spine 
deformity. All but one were treated with intravenous or oral bisphosphonates, with subsequent remodeling 
of vertebral shape. 

 

CONCLUSION: 

Vertebral compression fractures in children with no or low energy trauma, presenting with back pain, are 
an important indication of underlying metabolic bone diseases or a concurrent finding with other genetic 
disorders. Thus, the role of the orthopedic in early recognition, bone metabolism testing and genetic 
evaluation is critical. It also enables the initiation of appropriate treatment and prevents skeletal 
abnormalities in the future. 

 
 

 

Table. Pediatric patients presented with back pain with no or low trauma history were found to have VCFs 
leading to the diagnosis of an underlying metabolic bone disease or a genetic disorder with bone 
involvement. *No treatment with bisphosphonates. 
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Case Age at 
examination 
time 

Sex Vertebral 
fracture 

Trauma Imaging Spine 
BMD 

Z-
score 

Metabolic/ genetic 
disorder 

1 

 

 

 

 

Twin 

with 

case 

2 

13 M L2, L3 Low energy X-ray, 
CT 

-1.6 Mutation 
c.3107G>A, 
p.Arg1036Gln in 
LRP5 
gene.Mutation 
c.1645C>G, 
p.Pro549Ala in 
COL1A2 gene 

2 13 M T4,T5, T6 None X-ray 
CT 

-2.3 Mutation 
c.3107G>A, 
p.Arg1036Gln in 
LRP5 
gene.Mutation 
c.1645C>G, 
p.Pro549Ala in 
COL1A2 gene 

3 7 F Multiple None X-ray -3.1 Polymorphism Sp1 
in Col1A1 
geneMutation 
p.V667M in LRP5 
genePolymorphism 
Bsm1 in VDR gene 

4 13 F T8, T9, 
T10, T11 

None X-ray 
CT, MRI 

-3.7 Autoimmune 
hepatitis/ 
corticosteroids 

5 14 M Multiple Low energy X-ray 
CT 

-2.3 Negative genetic 
examination 

6 13 M T11, T12, 
L1 

Low energy X-ray -1.42 Single nucleotide 
variant in 
SLC9A3R1 
geneSingle 
nucleotide variant 
in PDE11A gene 

7* 12 M T4 Low energy X-ray 

CT 

-0.3 Nucleotide 
deletion 
c.1667delC in 
COL1A1 gene 
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8 14 M T3, T4, 
T5, T6, 
T7, T8 

Low energy X-ray 

CT 

-3.2 Retinitis 
pigmentosa 

Negative genetic 
examination for 
metabolic bone 
disease 

9 12 M Multiple None X-ray  Pseudoglioma-
osteoporosis 
syndrome 
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Abstract 

Objective: 

Anecdotally nurses from the UK Paediatric Rare Bone Nurse Network (RBNN) noted significant disparity 
across all aspects of zoledronic acid treatment. The objective was to identify differences in practice, and if 
possible the evidence base for these. The long term objective is to generate a UK consensus for zoledronic 
acid treatment in paediatrics for the UK. 

 

Method: 

A mixed multiple-choice and free text questionnaire was sent electronically to all members of the RBNN 
and endocrine nurse members of the British Society of Paediatric Endocrinology and Diabetes. Questions 
covered all aspects of the patient journey from pre-infusion, infusion to post-infusion. 

 

Results: 

17 centres responded, 12 of which were tertiary referral centres. 

Results confirmed large differences in practice, but similar barriers to patients receiving timely infusions. 

Three main themes emerged; patient safety, resource utilisation and patient experience. 

Patient safety: 

Bloods required prior to first and subsequent infusions differed in type of blood test required and 
timeframe before infusion. Vitamin D testing and supplementation had large variability. Only 72% of sites 
required a pregnancy test despite zoledronic acid being teratogenic. There was an even split of centres that 
advocated for and against the use of Ibuprofen post-infusion. 

For patients with known or presumed adrenal insufficiency the guidance around sick day dosing varied from 
PRN to for 72 hours after every infusion. 

A majority of sites advocated the use of calcium supplementation post infusion but dosing varied 
drastically. 

Resource Management: 

28% of sites required all patients to stay overnight for the first infusion, 33% never required an overnight 
stay and at 38% of sites this was dependent on co-morbidities. 

11% of sites required a renal ultrasound prior to treatment. 

Patient experience: 

Barriers to timely infusions were commonly cited as lack of bed availability, travel, uncertainty about 
treatment and blood test practicalities, all of which can be impacted by these differences in practice. 
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Conclusions: 

Although there were limitations to this initial scoping survey, it clearly presents a disparity in practice across 
the UK, with many citing a poor evidence base as to the reason behind this. It is crucial to work towards a 
consensus to improve patient safety, resource utilisation and patient experience. 
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Abstract 

Background: 
Osteogenesis imperfecta (OI) is a genetic disorder characterized by increased bone fragility, low 
bone mass, and other connective tissue manifestations1. Individuals with severe OI may 
experience multiple fractures annually from birth through adulthood. These fractures range from 
minor microfractures to severe fractures necessitating surgical intervention. Proper fracture 
management is essential for pain control, optimal bone healing, reduction of complications, and 
restoration of function and mobility. 

In 2019, Shriners Hospitals for ChildrenςCanada (Shriners), in collaboration with one of our OI patients, 
introduced a fracture splint kit. This kit contains the tools, materials, and educational resources required to 
appropriately immobilize a fracture during an emergency2. Approximately 130 fracture kits have been 
distributed to OI patients at the Shriners, ensuring immediate access to supplies when needed. Families are 
educated upon receiving their fracture kits by the OI nursing care team. 

Objective: 
 Since the implementation of the splint kits, we opted to evaluate the kits via a quality 
improvement initiative to understand the perceived usefulness, and impact on the autonomy and 
quality of life of the patients and their families. 

Methods: 
 Over a four-month period patients with OI or their family members were invited to complete an 
anonymous questionnaire while attending a clinic visit at Shriners. Data were descriptively analyzed. 

Results: 
 To date 20 patients with OI or their family members responded. Overall, they expressed a 
significant perceived usefulness of the kit, which has become an essential item for the 
ƛƳƳƻōƛƭƛȊŀǘƛƻƴ ƻŦ ŦǊŀŎǘǳǊŜǎΦ tŀǘƛŜƴǘǎ ŀƴŘ ŦŀƳƛƭƛŜǎΩ ǊŜǎǇƻƴǎŜǎ ǿŜǊŜ ƻǾŜǊǿƘŜƭƳƛƴƎƭȅ ǇƻǎƛǘƛǾŜΣ 
highlighting increased confidence, reassurance, and improved fracture management at home. The 
families also reported a reduction in anxiety during fracture emergencies. 

Conclusion 

This initiative improved patient and family autonomy, confidence, and perceived quality of life 
while promoting safer early fracture management. The program shows strong potential for 
expansion to other osteogenesis imperfecta care settings. 
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Abstract 

BBACKGROUND: Osteogenesis imperfecta (OI) is associated with cardiopulmonary complications 
related to abnormal type I collagen, a structural component of airways and pulmonary 
vasculature. Lethal OI (type II) usually results in stillbirth or neonatal death from pulmonary 
insufficiency due to a markedly small thoracic cage. However, cardiopulmonary dysfunction may 
also occur independent of skeletal features, as demonstrated by bone-independent restrictive 
lung disease in adults with OI. We describe an infant with a pathogenic COL1A1 variant and normal 
thoracic circumference who developed rapidly progressive pulmonary hypertension (PH) and died 
at 5 months of age. 

PRESENTING PROBLEM: The mother was referred at 25 4/7 weeks gestation for suspected life-limiting 
skeletal dysplasia. Prenatal evaluation confirmed OI due to a pathogenic COL1A1 variant (c.1777G>A, 
p.Gly593Ser), which has been associated with variable but generally severe phenotypes. 

CLINICAL MANAGEMENT: The infant was born at 36 5/7 weeks and required non-invasive 
respiratory support for 48 hours, weaning to room air by day of life five. Skeletal survey showed 
fractures of all long bones and poor mineralization without evidence of pulmonary hypoplasia 
(normal thoracic size). He was diagnosed with severe OI, between types II and III, and discharged 
at five weeks of age with enteral tube feeds and a normal echocardiogram. 

Between 2 and 4.5 months, he had multiple admissions for hypoxemia attributed to possible micro-
aspiration and required continuous supplemental oxygen by three months. Echocardiography at that time 
showed normal cardiac anatomy with mildly elevated pulmonary artery pressure (31 mmHg). At five 
months, he presented with severe hypoxemic respiratory failure requiring mechanical ventilation and was 
found to have suprasystemic PH with estimated pressures of 92 mmHg (Figure 1). After discussion of 
prognosis, life-sustaining therapy was withdrawn and the patient expired. 

DISCUSSION: Pulmonary hypertension has not previously been reported in pediatric OI. This case 
demonstrates that severe, rapidly progressive PH can develop postnatally in infants with OI 
despite an adequately sized thoracic cage. Abnormal extracellular matrix integrity and impaired 
pulmonary vascular development due to defective type I collagen may underlie this phenotype. 
Early recognition of PH in severe OI may have important prognostic and therapeutic implications 
and warrants further investigation. 
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Figure 1 
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Abstract 

OBJECTIVES 

Our patient safety team highlighted concern about inpatient fracture incidence, and that some fractures 
may be unrecognised and preventable. The quality improvement (QI) team led a project that aimed to 
decrease inpatient fractures in patients at increased risk. We identified three primary drivers: (1) 
identification of risks, (2) alerting high risk, and (3) and staff education. 

METHODS 

The methodology was grounded in the Institute for Healthcare Improvement's Model for Improvement. 
There was stakeholder engagement across multiple specialities, disciplines, and wards, and collaboration 
with our electronic patient record (EPR), data analyst, and data research teams. 

To identify and alert fracture risk, we built an EPR alert banner (see figure), automatically triggered by 
extractable patient data variables. This was iteratively developed, informed by validation cycles and staff 
feedback. 

 
 

 

Figure 1. Alert Banner that automatically triggers in electronic health record for patients at increased risk of 
fracture. 

 
 

We utilised surveys and semi-structure interviews across different professional disciplines to identify staff 
education needs. 

The manual review of radiology reports to measure inpatient fracture rate was unfeasible. We developed 
an agentic AI system to process unstructured radiology report text and identify fractures. 

RESULTS 

Alert banner validation reduced flagging inpatients at risk of fracture from 44% to 8% of all inpatients. Staff 
feedback showed improved awareness and confidence in the care of patients at risk of fracture. The EPR 
alert banner is now implemented Trust-wide. 

Survey and interview data (84 and 12 participants, respectively) highlighted the need for standardised 
guidance. We have now linked a leaflet on patient handling to the alert banner and published a Trust 
guideline on reducing risk of inpatient fractures. 
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¢ƘŜ !L ǎȅǎǘŜƳ ŀǳǘƻƴƻƳƻǳǎƭȅ ƻǳǘǇǳǘǎ ƛƴǇŀǘƛŜƴǘǎ ǿƛǘƘ ƴŜǿ ŦǊŀŎǘǳǊŜǎΦ ²Ŝ ǇǊƛƻǊƛǘƛǎŜŘ ǘƘŜ ǎȅǎǘŜƳΩǎ ǎŜƴǎƛǘƛǾƛǘȅ 
to avoid missing inpatient fractures. A monthly AI-generated report is reviewed within 15 minutes, 
compared with the first manual review of 1332 reports over 2 days. 

CONCLUSIONS 

Through QI methodology, interdisciplinary stakeholder engagement, and innovative collaborations we have 
successfully implemented (1) an automated EPR alert system, (2) new guidance, and (3) an agentic AI 
system, aiming to reduce inpatient fractures. Our interventions increased staff awareness and confidence. 
The project has now moved to business as usual for the Trust with ongoing monitoring of its effectiveness. 

Disclosure 

None declared 

 



109 

P30 

When Late Effects are not the Whole Story: PLS3-Related Osteoporosis in a 

Childhood Cancer Survivor 

Danielle Eddy, Ian Tucker, Elizabeth Crowne, Toby Candler, Manju Chandwani 

Bristol Children's Hospital, Bristol, UK 

Abstract 

Background 
Childhood-onset osteoporosis is rare but clinically significant. Pathogenic variants in the X-
linked PLS3 gene, encoding plastin-3, are an uncommon cause of primary early-onset osteoporosis. 
Plastin-3 is widely expressed in solid tissues and plays a role in cytoskeletal remodelling. We report 
a male adolescent with severe early-onset osteoporosis who was treated for acute lymphoblastic 
leukaemia (ALL) in early childhood and later found to have a pathogenic PLS3 variant. 

Presenting Problem 
A 16-year-old male was re-referred to a tertiary paediatric endocrine service after low bone mineral density 
(BMD) was identified on dual-energy X-ray absorptiometry (DXA). He had a history of ALL, diagnosed at 2 
years of age and treated with the UKALL 2003 Regimen A, without radiotherapy. 

He had been followed from 9 years of age in an endocrine late-effects clinic for short stature and 
delayed puberty, with a bone age delay of 1.5 years. Growth hormone stimulation testing at 13 
years showed an adequate peak GH level (33.9 µg/L). Pubertal induction with testosterone was 
commenced at 14 years and discontinued at 15 years following satisfactory pubertal progression. 

At 16 years, he was re-referred due to recurrent long-bone fractures. His fracture history included five 
fractures between 3 and 4 years of age, initially attributed to ALL, and a further two low-trauma long-bone 
fractures at 15 years. Comorbidities included focal epilepsy treated with levetiracetam, mild pulmonary 
stenosis, and learning difficulties. 

DXA demonstrated a total body less head BMD Z-ǎŎƻǊŜ ƻŦ ҍпΦф ŀƴŘ ŀ ƭǳƳōŀǊ ǎǇƛƴŜ ōƻƴŜ ƳƛƴŜǊŀƭ 
apparent density Z-ǎŎƻǊŜ ƻŦ ҍнΦлΣ ǿƛǘƘ ƴƻ ǾŜǊǘŜōǊŀƭ ŦǊŀŎǘǳǊŜǎΦ Iƛǎ ƘŜƛƎƘǘ ǿŀǎ мснΦм ŎƳ όҍнΦл {5{ύ 
and BMI-SDS +2. Evaluation excluded common causes of secondary osteoporosis, and treatment-
related bone disease was considered less likely given the long interval since cancer therapy. 
Genetic testing identified a truncating variant in the PLS3 gene. 

Clinical Management 
Management included optimisation of vitamin D status followed by intravenous bisphosphonate therapy 
with zoledronic acid. 

Discussion 
This case highlights the difficulty of distinguishing treatment-related bone disease from monogenic 
osteoporosis in childhood cancer survivors. While chemotherapy exposure and endocrine 
sequelae may reduce bone mass, the severity and early onset of osteoporosis in this patient were 
disproportionate. Identification of a pathogenic PLS3 variant emphasises the importance of 
considering genetic causes of osteoporosis in patients with marked skeletal fragility, even in the 
presence of significant acquired risk factors. 
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Abstract 

Background/Objectives: 

Osteogenesis Imperfecta (OI) is associated with short stature (SS) but there are few data on the impact of 
SS on health-related quality of life (HrQoL). The aim of the study was to assess HrQoL in patients and 
parents from a large paediatric OI centre using the Brief Quality of Life in Short Stature Youth (QoLISSY-
Brief). 

Methods: 

Children with a COL1A1 or COL1A2 gene variant aged 8-18 years with a height Z score <-2 were identified 
over a 2-year period. Parents and children were asked to complete the QoLLISY-B questionnaire. Exclusion 
criteria included inability/difficulty completing the questionnaire and patients who did not respond or were 
not contactable. 

Results: 

From a cohort of 302 children, 41 were identified (20 female/21 male, 13.58% of total population) with a 
mean age of 12.9 (3.0 SD) years. 10 patients were excluded: 2 deceased, 2 due to learning difficulties, 6 
uncontactable. The distribution across clinical types was: OI-I 43% (N=18), OI-III 17% (N=7), OI-IV 37% 
(N=16). Of those eligible, 22 child and 23 parent questionnaires were completed (response rate 73%). There 
was significantly reduced HrQoL with the Total QoLISSY-Brief mean (SD) scores of child 59.9 (15.0) and 
parent 53.7 (17). 

Table 1. 

The scores for all three domains were low with the physical impairment scoring the lowest but the 
emotional toll of this also being important. There were no significant differences between child and parent 
total or subscale scores (all p > .05). 

Conclusions: 

The impact of SS can be easily overlooked by clinicians. Using the QoLISSY-Brief, our results suggest impacts 
on quality of life across physical, social and emotional domains with the physical domain being the area of 
most significance. These results highlight the importance of considering SS in clinical practice. Results also 
show consistency between parent and child reporting across all domains suggesting parents appeared to 
ƘŀǾŜ ŀ ƎƻƻŘ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ǘƘŜƛǊ ŎƘƛƭŘΩǎ ǎǘǊŜƴƎǘƘǎ ŀƴŘ ŘƛŦŦƛŎǳƭǘƛŜǎΦ CǳǊǘƘŜǊ ǎǘǳŘȅ ƻƴ ǘƘŜ ƛƳǇŀŎǘ ƻŦ ǎƘƻǊǘ 
stature in relation to clinical presentation, age and sex, as well as across other OI genotypes is 
recommended. 

Table 1 

Domain Item Short 
Label 

Child - 
Mean (SD) 

Parents - 
Mean (SD) 

p-value 

Physical Q1 Physical 3.1 (2.0) 2.7 (0.9) 0.14 
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limitations 

 
 

Q2 Reach 
difficulties 

2.0 (1.0) 2.0 (1.0) 1.00 

 
 

Q3 Depend on 
others 

2.6 (1.5) 2.8 (1.2) 0.64 

Social Q4 Feeling 
small 

2.0 (1.2) 2.4 (1.2) 0.34 

 
 

Q5 Laughed at 
/teased 

4.0 (0.9) 3.4 (1.1) 0.09 

 
 

Q6 Being 
treated 
differently 

3.7 (1.1) 2.7 (1.3) 0.01 

Emotional Q7 Feel 
different 

3.3 (1.2) 2.7 (1.3) 0.15 

 
 

Q8 Insecure 2.3 (1.3) 2.9 (1.3) 0.36 

 
 

Q9 Bothers 
me 

2.9 (1.3) 2.7 (1.4) 0.61 

Total QoLISSY 
Brief 

 
 

(0-100) 

 
 

59.9 (15.0) 53.7 (17.0)  
 

Table 1 Values are reported as median (interquartile range). Individual items are scored on a 5-point Likert 
scale (1 = extremely, 5 =never). The total QoLISSY Brief score was calculated by summing item scores 
(maximum 45) and linearly transforming the result to a 0ς100 scale (score/45 × 100), with higher scores 
indicating better quality of life. Comparisons between patient and parent-proxy responses were performed 
using the t-test. Items Q1ςQ9 correspond to the QoLISSY Brief form (2015) with permission and licensing 
from IQVIA. License number QUO-06615-J5N4N6. 
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Therapy for Knee Flexion Contractures in Osteogenesis Imperfecta Type V 

Nadia Narducci, Lori VandenBroek, Reggie Hamdy, Corinne Mercier, Frank Rauch, Camille Costa 

Shriners, Montreal, Canada 

Abstract 

Osteogenesis Imperfecta (OI) is a rare heritable connective tissue disorder characterized by bone 
fragility and marked clinical heterogeneity. OI type V, caused by a recurrent pathogenic variant in 
IFITM5, represents a phenotypically distinct subtype classically associated with radial head 
dislocation, interosseous membrane calcification, metaphyseal banding, and hyperplastic callus 
formation. Joint contractures are not a recognized feature of this subtype, and bilateral knee 
flexion contractures are exceptionally rare. Among more than 40 individuals with OI type V 
followed at Shriners Hospital for ChildrenςCanada, this is the first documented case with knee 
involvement, underscoring the rarity and clinical significance of this presentation. 

We describe a 15-year-old boy with genetically confirmed osteogenesis imperfecta (OI) type V who 
experienced an unexpectedly rapid and debilitating decline in mobility. Over a short period, he developed 
progressive bilateral knee flexion contractures reaching 70ς80 degrees of flexion, culminating in the loss of 
independent ambulation. Comprehensive evaluationτincluding laboratory studies, advanced imaging, and 
exome sequencingτdid not reveal an alternative neuromuscular, inflammatory, or genetic cause beyond 
the known IFITM5 mutation. These findings suggest that severe progressive knee contractures may 
represent a rare and underrecognized manifestation of OI type V. 

Management required a coordinated multidisciplinary approach involving physiatry, orthopedics, 
and intensive physiotherapy delivered both in clinic and through a structured home program. In 
the context of minimal response to standard conservative measures and challenges with 
treatment adherence, intramuscular botulinum toxin injections were implemented as a deliberate 
and innovative adjunctive intervention. To our knowledge, this represents the first reported use of 
botulinum toxin to treat knee flexion contractures in OI type V. Following treatment, the patient 
demonstrated clear, clinically meaningful improvements in knee extension and functional mobility, 
highlighting the therapeutic impact of neuromuscular modulation in this setting. 

This case identifies a previously undocumented therapeutic application of botulinum toxin in OI type V and 
establishes a novel management paradigm for refractory knee flexion contractures in this rare disorder. 
These findings support consideration of botulinum toxin as a targeted adjunctive therapy and warrant 
further investigation to define its role in preserving mobility and improving quality of life in patients with 
rare musculoskeletal conditions. 
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Abstract 

Background: Childhood obesity is increasingly prevalent and poses major health challenges, particularly in 
children with physical disabilities. Glucagon-like peptide-1 (GLP-1) receptor agonists have emerged as 
effective treatments for pediatric obesity, but concerns remain regarding potential adverse effects on bone 
mass, especially during growth and in patients with pre-existing skeletal fragility. Evidence on bone health 
outcomes during GLP-1ςinduced weight loss in children is limited. 

Presenting problem: A 17-year-old girl with myelomeningocele and osteoporosis was increasingly 
disabled because of her raising weight. She had a history of six low-trauma fractures, longstanding reduced 
mobility, and obesity. At seven years of age, when vitamin D supplementation and yearly DXA assessments 
were initialized, she had BMI 21.1 kg/m2, TBLH Z-score -0.4, and total fat mass 49.7%. At age 12 years, she 
had BMI 30.7 kg/m2, TBLH Z-score -1.1, and total fat mass 61.6%. At age 17 years (pre-treatment), she had 
BMI 32.9 kg/m2, TBLH Z-score -1.1, and total fat mass 60.1%. Given her skeletal vulnerability, there was 
concern that pharmacologically induced weight loss could further compromise bone mineral density. 

Clinical management: The patient was managed by a multidisciplinary team with expertise in pediatric 
endocrinology and obesity. Liraglutide therapy was introduced and titrated according to clinical guidelines, 
alongside individualized lifestyle support. DXA measurements were repeated at 12 and 24 months to 
monitor bone mineral density and body composition. 

Over 24 months of treatment, the patient lost 22 kg and achieved a BMI of 24.6 kg/m². TBLH Z-
score was -1.4 and total fat mass was 54.7%. Serial DXA assessments demonstrated no clinically 
significant decline in bone mineral density during follow-up. No new fractures occurred. In 
addition to metabolic improvement, the patient experienced increased mobility, greater functional 
independence, and increased quality of life. 

Discussion: ¢Ƙƛǎ ŎŀǎŜ ǎǳƎƎŜǎǘǎ ǘƘŀǘ ƭƛǊŀƎƭǳǘƛŘŜ Ŏŀƴ ōŜ ŀƴ ŜŦŦŜŎǘƛǾŜ ŀƴŘ άōƻƴŜ-ǎŀŦŜέ ǿŜƛƎƘǘ-loss 
intervention in adolescents with complex medical conditions and pre-existing osteoporosis when 
carefully monitored. The findings underscore the importance of individualized treatment and 
regular skeletal surveillance when managing obesity. pharmacologically in vulnerable pediatric 
populations. Larger studies are needed to clarify the long-term skeletal effects of GLP-1 receptor 
agonists in children. 
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Abstract 

BACKGROUND:  

Youth with Duchenne muscular dystrophy (DMD) have the highest prevalence of acquired osteoporosis in 
pediatric populations due to the progressive muscle weakness and chronic glucocorticoid (GC) therapy. 
Current guidelines recommend routine screening for vertebral fractures to detect the earliest signs of bone 
fragility. As a result, antiresorptives are initiated at much younger ages than in previous decades. 

PRESENTING PROBLEM:  

Medication-related osteonecrosis of the jaw (MRONJ) is a well-established complication of antiresorptive 
therapy in adults but is exceedingly rare in children, and no cases have been reported in youth with DMD. 

CLINICAL MANAGEMENT:  

We describe two adolescents with DMD who developed MRONJ following dental extraction during 
antiresorptive therapy for GC-induced osteoporosis. Clinical presentation, management and outcomes are 
summarized. A focused review was conducted to contextualize these observations within current pediatric 
data on antiresorptive treatment related osteonecrosis. Case 1: A 16-year-old on long-term deflazacort 
began intravenous bisphosphonate therapy at age 10 for vertebral compression fractures (zoledronic acid 
0.05mg/kg 6-monthly). MRONJ developed at age 15 after dental extraction and six months after his last 
zoledronic acid infusion. Case 2: An 18-year-old receiving bisphosphonates from age 8 years (zoledronic 
acid 0.05 mg/kg 6 monthly, adjusted for ideal weight), was later switched to denosumab (1 mg/kg SC 6-
monthly) at age 18 years. MRONJ occurred six months after the transition and following tooth extraction. In 
both cases, antiresorptives were suspended and conservative management led to complete healing of 
MRONJ within three months. Antiresorptive therapy was later resumed for pain and fracture prevention, 
and no recurrence of MRONJ was noted after one-year follow-up. 

DISCUSSION:  

Review of more than 1,000 pediatric patients treated with bisphosphonates or denosumab identified no 
prior reports of MRONJ in children with DMD. To our knowledge, this is the first and youngest reported 
cases of MRONJ in adolescents with DMD. They highlight a potential vulnerability of neuromuscular 
patients with prolonged GC exposure and long-term antiresorptive therapy. Although the absolute risk of 
MRONJ in children remains extremely low, systematic dental evaluation before antiresorptive initiation and 
close multidisciplinary follow-up, especially around dental extraction, are essential to minimize preventable 
complications. 
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Abstract 

Background: Procollagen type 1 N-terminal propeptide (P1NP) and C-terminal telopeptide of type 
1 collagen (CTX) are dynamic indicators of skeletal metabolism. However, evidence remains limited 
regarding their biological and behavioral correlates across developmental stages. 

Methods: We analyzed serum levels of P1NP in 3,386 and CTX in 1,530 individuals aged 6 to 20 years who 
participated in the Canadian Health Measures Survey (Cycles 5ς6, 2016ς2019). Weighted linear regression 
models examined associations between age- and sex-specific z-scores of P1NP and CTX and obesity status, 
physical activity, parathyroid hormone (PTH), serum 25-hydroxyvitamin D [25(OH)D3] status, and high-
sensitivity C-reactive protein (hs-CRP). Subgroup analyses were conducted using sex-specific age bands as 
proxies for pubertal stages to assess heterogeneity. 

Results: Body mass index-based overweight and obesity were associated with lower P1NP z-scores 
όƻǾŜǊǿŜƛƎƘǘΥ ҍлΦонлΣ pғлΦллмΤ ƻōŜǎƛǘȅΥ ҍлΦотуΣ p<0.001, compared to normal & underweight) and 
lower CTX z-ǎŎƻǊŜǎ όƻǾŜǊǿŜƛƎƘǘΥ ҍлΦотуΣ pғлΦллмΤ ƻōŜǎƛǘȅΥ ҍлΦнтуΣ p=0.048). Analyses by age bands 
showed that obesity-related differences were greatest during pubertal ages. For example, during 
puberty, obesity was associated with markedly lower P1NP z-ǎŎƻǊŜǎ ƛƴ ōƻǘƘ ƳŀƭŜǎ όҍлΦунрΣ 
pғлΦллмύ ŀƴŘ ŦŜƳŀƭŜǎ όҍлΦтусΣ p<0.001), and lower CTX z-ǎŎƻǊŜǎ όƳŀƭŜǎΥ ҍлΦуртΣ p=0.005; females: 
ҍ0.676, p=0.008). These associations were more persistent among males into the post-pubertal 
ǎǘŀƎŜ ό/¢· ƛƴ ƻōŜǎŜ ŎƘƛƭŘǊŜƴΥ ҍлΦуосΣ pғлΦллмΤ tмbt ƛƴ ƻōŜǎŜ ŎƘƛƭŘǊŜƴΥ ҍлΦрнтΣ p=0.004). Systemic 
inflammation showed inverse associations with bone turnover markers, particularly among 
females: high hs-/wt όҔо ƳƎκ[ύ ǿŀǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ƭƻǿŜǊ tмbt ƻǾŜǊŀƭƭ όҍлΦрттΣ p<0.001) and 
ƭƻǿŜǊ /¢· ŀƳƻƴƎ ŦŜƳŀƭŜǎ όҍлΦруфΣ p=0.001), whereas the corresponding association was not 
evident in males. PTH was positively associated with both P1NP (0.117 per pmol/L, p<0.001) and 
CTX (0.103 per pmol/L, p=0.006) z-scores across analyses. Physical activity showed modest 
associations in pubertal age group, whereas 25(OH)D3 status was not associated with either 
marker in unadjusted or adjusted models. 

Conclusions: Puberty represents a period when obesity and systemic inflammation are most strongly 
reflected in bone turnover markers, with notable sex differences, especially for CTX. These findings support 
interpreting pediatric bone turnover markers in relation to pubertal-related age group, sex, and metabolic 
context. 
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Abstract 

Introduction: 

 
Adolescent idiopathic scoliosis (AIS) is a multifactorial spinal disorder whose progression is closely 
associated with the rapid growth occurring during puberty. Among key hormonal drivers of this 
growth, insulinȤlike growth factor 1 (IGFȤ1) has been implicated in AIS progression. Emerging 
evidence points to primary cilia dysfunction and altered microtubule postȤtranslational 
modificationsτparticularly polyglutamylationτas potential contributors to scoliosis pathogenesis. 
This study aimed to determine how IGFȤ1 influences primary cilia architecture and microtubule 
polyglutamylation in osteoblasts derived from AIS patients. 

Methods: 
 

Primary osteoblasts isolated from spinal tissue of AIS patients were cultured and exposed to 
graded concentrations of IGFȤ1. Immunofluorescence was used to quantify cilia length, 
orientation, tubulin content, and levels of microtubule polyglutamylation. 

Results: 
 

AIS osteoblasts exhibited shorter primary cilia and altered microtubule organization. IGFȤ1 
exposure significantly increased cilia length and enhanced both ciliary tubulin expression and 
polyglutamylation in a doseȤdependent manner. These findings link IGFȤ1 signaling to restoration 
of structural features that are typically impaired in AIS cells. 

Conclusion: 
 

IGFȤ1 promotes elongation of primary cilia and stimulates microtubule polyglutamylation in AIS 
osteoblasts, highlighting its key role in ciliary microtubule organization. These results shed new 
light on how pubertal growth factors may modulate cellular mechanisms underlying AIS and 
suggest potential therapeutic avenues targeting ciliary dysfunction. 
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Abstract 

Objectives: 

 
Before the introduction of gene therapy, patients suffering from SMA often died in early childhood. While 
the therapy not only gives hope to patients, it also creates new challenges for physicians. One of these 
challenges is the development of osteopenia and osteoporosis in pediatric patients. The aim of this study is 
a comprehensive assessment of bone metabolism in children with SMA. 

Methods: 

 
The study included 22 patients aged 3 to 17 years (mean age 8.6 years) with SMA. In 17 patients, laboratory 
tests were performed to assess: albumin levels, Beta CrossLaps, ALP, phosphate levels, magnesium levels, 
total calcium and ionized calcium levels, sodium levels, osteocalcin levels, PTH levels, and vitamin D3 levels. 
Additionally, bone density was assessed using densitometry in 16 patients. 

Results: 

 
The mean ion levels were as follows: phosphate 1.7 mmol/L; magnesium 0.88 mmol/L; sodium 138 mmol/L; 
total calcium 2.49 mmol/L; ionized calcium 1.25 mmol/L. No statistically significant differences were 
observed between ambulatory and non-ambulatory patients. 

Markers of bone metabolism were: Beta CrossLaps 1052 pg/mL; ALP 159.78 IU/L; osteocalcin 66.69 ng/mL. 
The mean parathyroid hormone level was 22.9 pg/mL, and the mean vitamin D3 level was 38.3 ng/mL. In 
two patients, vitamin D3 levels were suboptimal (>30 ng/mL). 

The mean BMD Z-ǎŎƻǊŜ ƛƴ ǘƘŜ ǎǘǳŘƛŜŘ ǇƻǇǳƭŀǘƛƻƴ ǿŀǎ ҍнΦфΥ ҍмΦпф ƛƴ ŀƳōǳƭŀǘƻǊȅ ǇŀǘƛŜƴǘǎ ŀƴŘ ҍоΦфм ƛƴ ƴƻƴ-
ambulatory patients. 

Conclusions: 

 
Assessment of bone metabolism in patients with SMA is particularly important for preventing the 
development of osteopenia and, consequently, for reducing the risk of low-energy fractures. The significant 
difference in bone density between ambulatory and non-ambulatory patients highlights the crucial 
importance of verticalization and weight-bearing in patients with SMA. 
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Abstract 

Background 

X-linked hypophosphatemic rickets (XLH) is a rare inherited disorder characterized by excessive fibroblast 
growth factor 23 (FGF23) activity, resulting in chronic hypophosphatemia and impaired bone 
mineralization. Clinical manifestations include rickets, skeletal deformities, and musculoskeletal pain. 
Enthesopathy refers to pathological changes at the enthesis, the site of tendon or ligament attachment to 
bone. In XLH, enthesopathy is thought to result from defective mineralization combined with increased 
mechanical stress secondary to skeletal deformities and altered biomechanics. Although enthesopathy is 
common in adults with XLH, it is infrequently reported in pediatric patients, and data regarding its 
prevalence and clinical course in children are limited. 

Case Presentation 

We report a 6-year-old girl with genetically confirmed XLH who developed localized musculoskeletal pain 
consistent with enthesopathy prior to the initiation of burosumab therapy. The patient had been receiving 
conventional treatment with oral phosphate supplementation and alfacalcidol without adequate 
improvement in serum phosphate levels. Physical examination revealed localized tenderness at the pes 
anserinus insertion, with no features suggestive of inflammatory arthritis. Plain radiographs demonstrated 
bilateral knee enthesopathy (Figure). 

Burosumab therapy was initiated according to standard pediatric dosing guidelines and subsequently 
adjusted based on biochemical response. Following treatment initiation, serum phosphate levels improved. 
During follow-up, the patient experienced no recurrence or progression of enthesopathy-related symptoms 
and reported no limitations in daily activities. Anti-inflammatory medication was not required. 

Conclusion 

This case demonstrates that enthesopathy may occur in pediatric patients with XLH despite conventional 
therapy for hypophosphatemia. The absence of recurrent or progressive entheseal symptoms following 
burosumab initiation suggests that early targeted treatment may stabilize musculoskeletal involvement. 
Early correction of mineralization defects and healing of rickets in children with XLH may reduce abnormal 
mechanical stress at the tendonςbone interface, potentially limiting progressive entheseal and other 
skeletal structural changes during growth. 
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Figure. As shown in the top of the image, there are radiographic findings of rickets, as long as incipient 
enthesopathy (noted in circle). That time the child was under conventional treatment. By comparison, the 
bottom image illustrates established enthesopathy. We notice improved radiographic appearance of 
rickets. The patient had been in burosumab treatment for 7 months. 
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Abstract 

BACKGROUND: 

X-linked hypophosphatemic rickets (XLR) is a mineral homeostasis disorder caused by renal phosphate 
wasting. It is the most common form of hereditary hypophosphatemic rickets. Caused by a loss-of-function 
variant in the PHEX gene located at Xp22.1. X-linked autosomal dominant inheritance. Leads to an isolated 
tubular defect in phosphate reabsorption and decreased intestinal absorption of phosphate. 

Clinical manifestations include gait delay, waddling gait, bowing of the legs, widening of the metaphyses of 
the wrists and ankles, bone pain, craniostenosis, dental abscesses, lower limb involvement (coxa vara, genu 
valgum, genu varum) and disproportionate short stature. 

The therapy aims to counteract the consequences of excess FGF23, using oral phosphorus supplements to 
compensate for renal phosphate wasting and active vitamin D analogs to counteract 1,25-diOH-vitamin D 
deficiency. New therapies with FGF23 monoclonal antibodies that neutralize FGF23 activity have proven 
effective. 

PRESENTING PROBLEM: 

We report three patients, two males and one female, with: short stature, genu varum, hypophosphatemia, 
low tubular reabsorption of phosphates (<75%), low 25-OH, elevated alkaline phosphatase, and the PEHX 
gene alteration , as were their mothers. 

CLINICAL  MANAGEMENT: 

They received treatment with fibroblast growth factor blocking antibody 23 due to lack of response to 
conventional management, with an excellent response. 

DISCUSION: 

Phosphate-wasting kidney disorders are important causes of rickets that must be considered within the 
appropriate clinical context. Correct identification of these disorders is important for determining 
treatment.  Treatment with fibroblast growth factor blocking antibody 23 is a great hope 
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Abstract 

Background/ Objectives: 
 The Vitamin D metabolome involves multiple circulating metabolites beyond total 25-hydroxyvitamin D 
(25OHD), including from activation to 1,25-dihydroxyvitamin D, catabolism via 24,25-dihydroxyvitamin D 
όнпΣнрόhIύі5ύΣ ŀƴŘ /о-ŜǇƛƳŜǊƛǎŀǘƛƻƴ ƻŦ нрhI5Φ ²ƘƛƭŜ нпΣнрόhIύі5 Ƙŀǎ ōŜŜƴ ƛƳǇƭƛŎŀǘŜŘ ƛƴ ƎǊƻǿǘƘ ǇƭŀǘŜ 
regulation in animal models, the biological relevance of the epimers in human skeletal development 
remains poorly understood. We investigated vitamin D metabolome in children with and without 
histological rickets at autopsy. 

Methods: 
Children undergoing autopsy following sudden unexpected death (between 2017ς2022) were recruited 
with parental consent and regulatory approvals. Those with known bone-affecting conditions or 
medications were excluded. Post-mortem blood samples (3ς7 days) were analysed for vitamin D 
metabolites using LCςMS/MS at a DEQAS accredited laboratory. Metabolites measured included total 
25OHD (25OHD3+25OHD2), 3-epi-нрhI5їΣ нпΣнрόhIύі5їΣ ŀƴŘ мΣнрόhIύі5їΦ ±ƛǘŀƳƛƴ 5 ƳŜǘŀōƻƭƛǘŜ Ǌŀǘƛƻ 
ό±awΤ нрhI5їκнпΣнрόhIύі5їύ ŀƴŘ ǘƘŜ ǇŜǊŎŜƴǘŀƎŜ ƻŦ ŜǇƛƳŜǊƛǎŜŘ нрhI5ї όо-epi 25OHD3/25OHD3 *100) 
were calculated. Rib growth plates were assessed for histological signs of rickets (as defined in Table 1) and 
scored independently by two raters. 

Results: 
Twenty-three children [median age of 83 days, 83% (19/23) infants, 16 males] were included; 15 had 
histological rickets and 8 had normal growth plates. 25OHD<30 nmol/L (deficiency) was recorded in 37.5% 
(n=9/24). Inter-ǊŀǘŜǊ ǊŜƭƛŀōƛƭƛǘȅ ŦƻǊ ƘƛǎǘƻƭƻƎȅ ǿŀǎ ƘƛƎƘ όƳŜŀƴ ˁ Ґ лΦтфύΦ ¢ƻǘŀƭ нрhI5Σ нпΣнрόhIύі5їΣ ŀƴŘ ±aw 
did not differ between groups (all p>0.05) Table 1. VMR was incalculable in two subjects with rickets and 
ǳƴŘŜǘŜŎǘŀōƭŜ нпΣнрόhIύі5їΦ Serum 1,25(OH)2D3 levels were undetectable, owing to its very short half-life. 
The percentage of 3-epi-нрhI5ї ǿŀǎ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ƘƛƎƘŜǊ ƛƴ ŎƘƛƭŘǊŜƴ ǿƛǘƘ ǊƛŎƪŜǘǎ όǇ ғ лΦлрύΦ ¢ƻǘŀƭ нрhI5 
ŎƻǊǊŜƭŀǘŜŘ ǎǘǊƻƴƎƭȅ ǿƛǘƘ нпΣнрόhIύі5ї όǊ Ґ лΦуΣ ǇғлΦллмύΣ ŀƴŘ ŜǇƛƳŜǊ ǇǊƻǇƻǊǘƛƻƴ ǿŀǎ ƛƴǾŜǊǎŜƭȅ ŀǎǎƻŎƛŀǘŜŘ 
with age (r = ς0.5, p=0.02). 

Conclusions: 

The higher epimer proportion observed in infants with histological rickets, despite similar total 25OHD, 
supports the current notion that epimers are biologically active with less calcaemic potency. Our findings 
suggest that vitamin D epimers may have a biologically relevant role in growth plate physiology and rickets 
pathogenesis. Further mechanistic studies are underway to define the functional significance of epimers in 
skeletal biology. 

 
 

Measure Statistic Total cohort 
(n=23) 

&Rickets 

(n=15) 

No rickets 
(n=8) 

P value 
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Total 25OHD 
(nmol/L) 

Mean (SD) 31.5 (20.4) 32.5 (25.7) 34.2 (7.8) 0.4 

Median 
(IQR) 

31.7 (7, 46.3) 42.2 (5.7, 
51.8) 

32.6 (31, 
41.8) 

  

25OHD3 
(nmol/L) 

Mean (SD) 31.15 (20.5) 32.2 (25.8) 33.7 (7.8) 0.4 

Median 
(IQR) 

31.11 (7, 
46.0) 

42.2 (4.8, 
51.7) 

32.0 (30.3, 
41.4) 

  

3-epi-
25OHD3 
(nmol/L) 

Mean (SD) 3.7 (2.8) 4.2 (3.4) 3.2 (1.7) 0.4 

Median 
(IQR) 

3.2 (1.4, 6.1)) 3.5 (0.8, 
7.3) 

3.2 (1.7, 4.2)   

24,25(OH)2D3 

(nmol/L) *  

Mean (SD) 2.4 (2.02) 2.6 (2.5) 2.6 (1.5) 0.4 

Median 
(IQR) 

2.1 (1.0, 3.0) 2.2 (0.7, 3.8) 2.2 (1.7, 3.3)   

Vitamin D 
Metabolite 

Ratio (VMR) *  

Mean (SD) 16.2 (8.4) 17.1 (9.6) 15.5 (6.9) 0.3 

Median 
(IQR) 

13.8 (12.1, 
20.7) 

15.9 (12.1, 
21.0) 

13.2 (12.4, 
17.8) 

  

Percentage of 
3-epimer 

Mean 
(SD) 

14.2 (7.6) 15.4 (5.4) 9.8 (6.0) 0.004 

Median 
(IQR) 

13.1 (8.6, 
19.4) 

14.9 (9.7, 
19.5) 

8.0 (5.7, 
16.3) 

  

& Rickets was defined as the presence of two or more features on a 6 point score 1=increased 
height of hypertrophic zone, 2=Loss of columnar arrangement of hypertrophic chondrocytes with 
disarray, 3=loss of distinction between hypertrophic and proliferative zones, 4=blood vessels 
penetrating the chondrocytes, 5=tongues of hypertrophic chondrocytes extending into primary 
spongiosa and 6=bulbous expansion of the costo-chondral junction. 

  

*24,25(OH)2D3 was undetectable in two subjects with very low 25OHD which precluded VMR 
assessment.  
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Abstract 

OBJECTIVES:  

Osteopetrosis is a rare genetic disorder characterised by impaired osteoclastic bone resorption, 
resulting in increased bone mass with paradoxical skeletal fragility. Dual-energy X-ray absorptiometry 
(DXA) is routinely used to quantify elevated bone mineral density (BMD) in affected children; however, 
BMD alone does not fully characterise the abnormal skeletal phenotype. Trabecular bone score (TBS), 
a DXA-derived index reflecting trabecular texture and structural complexity, may provide 
complementary information on disease-related characteristics. This study evaluated TBS in children 
with osteopetrosis and examined its potential role as a marker of disease-specific trabecular 
pathology.  

METHODS:  

Children with osteopetrosis referred for clinically indicated DXA at a tertiary paediatric hospital were 
included. Lumbar spine DXA scans were analysed using TBS Osteo Advanced for Pediatrics (Version 

4). Patients outside the validated age range (5-20 years) or with abdominal soft tissue thickness 
outside the manufacturer-recommended limits (7.0-30.0 cm) were excluded. TBS Z-scores were 
derived using sex- and age-matched reference data and analysed separately by sex.  

RESULTS:  

A total of 48 patients with osteopetrosis were included, comprising 8 females (age 9.97 ± 4.4 y; 100% 
White; BMI 21.8 ± 7.5 kg/m²; tissue thickness 16.7 ± 4.9 cm) and 40 males (age 10.9 ± 3.4 y; 90.0% 
White, 10.0% Asian; BMI 18.7 ± 3.8 kg/m²; tissue thickness 15.6 ± 3.0 cm). TBS Z-scores were elevated 
in both sexes, with higher values observed in males. The mean TBS Z-score was 1.30 ± 1.91 in female 
patients and 5.35 ± 2.20 in male patients. TBS Z-scores greater than 2 were observed in 90% of male 

patients.  

CONCLUSIONS:  

Children with osteopetrosis demonstrate markedly elevated TBS Z-scores, particularly in males. These 
elevated values likely reflect disease-related trabecular accumulation and impaired 
skeletal remodeling inherent to osteopetrosis rather than improved bone quality. When interpreted 
alongside DXA-derived BMD, TBS may serve as a complementary marker of the distinctive trabecular 

phenotype associated with this condition.  
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Abstract 

OBJECTIVES:  

Duchenne Muscular Dystrophy (DMD) is the most common form of muscular dystrophy and is 
associated with progressive muscle degeneration and secondary skeletal deterioration. Reduced 
mobility, muscle weakness, and prolonged glucocorticoid exposure contribute to impaired bone health 
and increased fracture risk in this population. Bone mineral density (BMD) is routinely used to assess 
skeletal status in children with DMD; however, BMD alone may not fully capture disease- and 
treatment-related changes in bone microarchitecture. Trabecular bone score (TBS), a DXA-
derived, validated index of bone microarchitecture, may provide additional insight into skeletal 
alterations associated with DMD and glucocorticoid exposure. This study evaluated TBS in 
a pediatric male cohort with DMD relative to an age-matched normative reference population.  

METHODS:  

Male patients ǿƛǘƘ 5a5 ǊŜŦŜǊǊŜŘ ŦƻǊ ŎƭƛƴƛŎŀƭƭȅ ƛƴŘƛŎŀǘŜŘ 5·! ŀǘ ŀ ǘŜǊǘƛŀǊȅ ŎƘƛƭŘǊŜƴΩǎ ƘƻǎǇƛǘŀƭ ǿŜǊŜ ƛƴŎƭǳŘŜŘΦ 
Lumbar spine DXA scans were analysed using TBS Osteo Advanced for Pediatrics (Version 4). Patients 
outside the validated age range (5-20 years) or with abdominal soft tissue thickness outside the 
manufacturer-recommended limits (7.0-30.0 cm) were excluded. TBS Z-scores were derived relative to 
an age-matched reference population. One-sided statistical testing assessed whether TBS Z-scores in 
patients with DMD were lower than reference values.  

RESULTS:  

245 males with DMD were included (age 12.2±3.5 years; 71.4% White; BMI 23.9 kg/m²; abdominal soft 
tissue thickness 18.9±4.2 cm). TBS Z-scores were significantly lower than those of the age-matched 
reference population (ς0.94±1.34; p<0.001). Overall, 23.3% (n = 57) of patients had TBS Z-ǎŎƻǊŜǎ Җ-2.0, and 
a further 23.3% (n = 57) had Z-scores between -2.0 and -1.0. An additional 29.0% (n = 71) had TBS Z-scores 
between -1.0 and 0.0, while 24.5% (n = 60) had Z-scores >0.0.  

CONCLUSIONS:  

Boys with DMD demonstrate significantly reduced TBS Z-scores relative to age-matched reference data, 
consistent with the known skeletal consequences of reduced mechanical loading, progressive muscle loss, 
and long-term glucocorticoid exposure. These findings are aligned with the expected bone phenotype in 
DMD and support TBS as a complementary DXA-derived measure to characterise disease-related 
impairment of trabecular microarchitecture. When interpreted alongside BMD, TBS may help better define 
the extent and severity of skeletal involvement in this population.  
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Abstract 

OBJECTIVES:  

¢ƘŀƭŀǎǎŜƳƛŀ ƛǎ ŀ ƎǊƻǳǇ ƻŦ ƛƴƘŜǊƛǘŜŘ ƘŜƳƻƎƭƻōƛƴ ŘƛǎƻǊŘŜǊǎ ŎŀǳǎŜŘ ōȅ ǊŜŘǳŎŜŘ ƻǊ ŀōǎŜƴǘ ʲ-globin chain 
synthesis, commonly requiring long-term blood transfusion therapy. While transfusions improve 
survival, associated complications contribute to impaired bone mineralization, resulting in skeletal 
deformities, bone pain, cortical thinning, and increased fracture risk in affected children. Dual-energy 
X-ray absorptiometry (DXA)-derived bone mineral density (BMD) is routinely used to assess bone 
health in thalassemia but does not capture bone structure or microarchitectural alterations. 
Trabecular bone score (TBS), a DXA-derived index of bone microarchitecture. This study evaluated TBS 
in paediatric patients with thalassemia relative to age- and sex-matched reference populations.  

METHODS:  

/ƘƛƭŘǊŜƴ ǿƛǘƘ ǘƘŀƭŀǎǎŜƳƛŀ ǊŜŦŜǊǊŜŘ ŦƻǊ ŎƭƛƴƛŎŀƭƭȅ ƛƴŘƛŎŀǘŜŘ 5·! ŀǘ ŀ ǘŜǊǘƛŀǊȅ ŎƘƛƭŘǊŜƴΩǎ ƘƻǎǇƛǘŀƭ ǿŜǊŜ 
included. Lumbar spine DXA scans were analysed using TBS Osteo Advanced for Pediatrics (Version 
4). Patients outside the validated age range (5ς20 years) or with abdominal soft tissue thickness 
outside the manufacturer-recommended limits (7.0ς30.0 cm) were excluded. TBS Z-scores were 
derived relative to sex- and age-matched reference data.   

RESULTS:  

175 patients were included: 92 boys (age 14.6 ± 2.8 y; 40.2% White, 32.6% Asian; BMI 18.7 ± 
3.8 kg/m²; tissue thickness 16.3 ± 2.5 cm) and 83 girls (age 13.0 ± 3.1 y; 48.2% White; BMI 19.6 ± 
3.7 kg/m²; tissue thickness 16.2 ± 2.3 cm). TBS Z-scores were significantly lower than reference values 
in both boys (-1.07 ± 1.07; p < 0.001) and girls (-1.21 ± 1.33; p < 0.001). Among boys, 17.4% had TBS Z-
ǎŎƻǊŜǎ Җ ς2.0 and 42.4% between ς2 and ς1, while only 15.2% had Z-scores > 0.0. Among girls, 20.5% 

had TBS Z-ǎŎƻǊŜǎ Җ ς2.0, 37.3% between ς2.0 and ς1.0, and 19.3% had Z-scores > 0.0.  

CONCLUSIONS:  

Children with thalassemia demonstrate significantly reduced TBS Z-scores relative to age- and sex-
matched reference data, consistent with altered trabecular bone microarchitecture. The majority 
of patients had TBS Z-scores below ς1.0, with a notable proportion below ς2.0, particularly among 
girls. TBS may provide valuable insights into disease-related skeletal involvement and support a more 

comprehensive assessment of bone health in this high-risk pediatric population.  
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Abstract 

Introduction 

Hyperparathyroidism has multiple aetiologies, and failure to identify the cause may lead to significant 
complications including hypercalcaemia, hypophosphataemia, renal stones, osteoporosis and impaired 
graft function in renal transplant recipients. Accurate diagnostic investigations are essential to optimise 
management and enable minimally invasive surgery where appropriate. 

Case 1 

An 8-year-old male with a background of left kidney dysplasia (stable renal function) had an incidental 
finding of hypercalcaemia. He did not respond to first line treatment, so was commenced on Cinacalcet, 
which normalised calcium levels. A 99mTc-MIBI scan identified possible increased uptake in the left 
submandibular gland, but no parathyroid lesions. Magnetic Resonance Imaging (MRI) scan reported no 
abnormal soft tissue lesions in this area and neck ultrasonography showed a suspicious area, which was 
inconclusive. An 18F-Choline Positron Emission Tomography-Computed Tomography (PET-CT) later 
confirmed a left parathyroid adenoma posterior to the lower pole of the left thyroid lobe. 

Case 2 

A 10-year-old male with autism spectrum disorder was referred with hypercalcaemia secondary to 
hyperparathyroidism. He had a background of bilateral renal dysplasia and successful renal transplant at 3 
years of age. Hypercalcaemia causing impaired renal function persisted despite hyperhydration and low-
calcium diet, necessitating treatment with Cinacalcet. Neck ultrasonography did not identify parathyroid 
masses. Further investigation to exclude a parathyroid adenoma was required, but due to his 
neurodivergence, MRI and a 99mTc-MIBI scans were unsuitable because of prolonged imaging time and 
limited sensitivity. 18F-Choline PET-CT was successfully performed under a short general anaesthetic, 
demonstrating bilateral parathyroid adenoma. Surgical management has been discussed and is under 
consideration. 

Discussion 

Localising parathyroid adenomas in children can be challenging. Choline PET-CT scans have high sensitivity 
and positive predictive value for identifying parathyroid adenomas. This enables more precise localisation 
than other currently used imaging modalities, resulting in more efficient, minimally invasive 
parathyroidectomy. 

Choline PET-CT imaging is only available at limited locations. Challenges include patient transfer and the 
management of paediatric patients in adult hospitals, requiring additional staff and specialised equipment 
as well as logistics of radiopharmaceutical supply. If these barriers are addressed and availability improves, 
18F-Choline PET-CT may become an earlier investigation of choice in such patients. 
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Abstract 

Objectives: /ƻǊǘƛŎŀƭ άŘŜŦŜŎǘǎέΣ ǊŜƎƛƻƴǎ ƻŦ ǊŜŘǳŎŜŘ ŘŜƴǎƛǘȅ ǿƛǘƘƛƴ ǘƘŜ ŎƻǊǘƛŎŀƭ ǎƘŜƭƭΣ ŀǊŜ ŦǊŜǉǳŜƴǘƭȅ ƻōǎŜǊǾŜŘ 
on our pQCT scans (~8%) but are not reported in the pQCT literature, despite evidence that reduced cortical 
homogeneity compromises bone strength. We aimed to quantify cortical defects using a novel measure of 
density homogeneity - Relative Cortical Density (RCD), describe RCD in a healthy paediatric population, and 
demonstrate clinical application. 

 

Methods: pQCT scans from research and clinical controls (4-18yo; Radius 65%-site, Tibia 66%-site) were 
analysed using Stratec software (v6.00B). RCD was defined as the proportion ƻŦ ŎƻǊǘƛŎŀƭ ǾƻȄŜƭǎ җтмлƳƎκŎƳшΦ 
/ƻƳǇŀǊŀǘƛǾŜ Ψ5ƛǎǘǊƛōǳǘƛƻƴ ŀƴŀƭȅǎƛǎΩ ǳǎƛƴƎ ŀ ƳƻŘƛŦƛŜŘ LƳŀƎŜW Ǉv/¢ ǇƭǳƎƛƴ ƎŜƴŜǊŀǘŜŘ ŀ ǇŜŜƭŜŘ w/5 όw/5P), 
reducing the partial volume effect by edge voxel removal. Automatic and manual analysis precision 
(coefficients of variation (CV), least significant change (LSC)) were assessed. Sex-specific reference curves 
and Z-ǎŎƻǊŜǎ ǿŜǊŜ ƎŜƴŜǊŀǘŜŘ ǳǎƛƴƎ ǘƘŜ /ƻƭŜΩǎ [a{ ƳŜǘƘƻŘ ŀƴŘ ŎƭƛƴƛŎŀƭ ǳǘƛƭƛǘȅ ŜȄŀƳƛƴŜŘ ƛƴ ŎƻƘƻǊǘǎ ǿƛǘƘ ŀ 
ƘƛǎǘƻǊȅ ƻŦ җн ŦƻǊŜŀǊƳ ŦǊŀŎǘǳǊŜǎΣ ƻǊ ǳƴǘǊŜŀǘŜŘ ƻǎǘŜƻƎŜƴŜǎƛǎ ƛƳǇŜǊŦŜŎǘŀ όhLύ ǘȅǇŜ мΦ 

 

Results 

A total of 317 Radius (150 female) and 316 Tibia (162 female) scans were analysed. RCD was significantly 
age-associated (see example Figure 1). Precision was lowest in manually analysed, poorer-quality Radius 
scans (CV 0.94% [RCD], 0.68% [RCDPϐΤ [{/ лΦлму ŀƴŘ лΦлмсύΤ ŀƭƭ ƻǘƘŜǊ /±ǎ ǿŜǊŜ ҖлΦмп҈Φ 

Subjects with historical forearm fractures (N=47) had reduced RCD and RCDP despite a normal cortical 
density (Z-scores= -1.05, -1.18 and -0.13, respectively, p<0.001). In contrast, OI subjects (N=46) 
demonstrated elevated RCDP and cortical density (Z-scores=1.03, p<0.002). 

 

Conclusions: The age-related increases in RCD are consistent with histomorphometric reports of age-
related reductions in drifting osteons, remodelling spaces, and cortical porosity, but may also reflect a 
higher density. 

 

Defects or increased porosity in bone may elevate fracture risk by enhancing crack propagation and 
increasing the remodelling surface. Although individual pores are below the resolution of clinical pQCT, 
their cumulative effect reduces voxel density and is captured by RCD. By capturing cortical heterogeneity 
related to macroporosity and mineralisation, RCD may improve paediatric fracture risk assessment and 
monitoring of bone disease beyond conventional pQCT. 
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Figure 1: LMS models of RCD and RCDP (Radius) 
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Abstract 

Objectives:  

Vertebral fractures (VF) are a recognised complication in boys with Duchenne muscular dystrophy (DMD) 
receiving corticosteroid therapy. Intravenous (IV) bisphosphonates reduce fracture progression and 
improve pain. Current guidelines recommend treatment following identification of moderate or severe VF, 
or any VF associated with back pain. This study aimed to identify early imaging markers prior to 
identification of VF to support earlier, targeted intervention. 

Methods:  

This dual-centre retrospective study included boys with DMD on IV bisphosphonates for VF identified 
through spine monitoring between 2015 and 2025. Inclusion criteria were spine imaging immediately prior 
to bisphosphonate initiation and at least one lateral spine image within the preceding 12 months. Annual 
spine monitoring was performed using lateral dual-energy X-ray absorptiometry or lateral spine 
radiographs. All images were centrally reviewed by a single observer. Vertebral height loss (VHL) was 
graded using modified Genant scoring system: 10ς20% (height loss; HL), 20ς25% (mild VF), 25ς40% 
(moderate VF), and >40% (severe VF). Spine deformity index (SDI) was calculated by assigning scores of 0.5, 
1, 2, and 3 for HL, mild, moderate, and severe VF, respectively. 

Results:  

Forty-eight boys with DMD receiving corticosteroids were included. A total of 195 spine images were 
reviewed, comprising 2,535 vertebrae (T4ςL4), with a mean of 4 (range 2ς7) images per participant. Overall, 
254/2,535 (10%) vertebral fractures were identified: 148 mild, 92 moderate, and 14 severe. Comparison 
with prior imaging demonstrated that 63% of mild and moderate VF and all severe VF were preceded by 
detectable 10ς20% VHL. Only 10% of VF were incident, while 27% remained stable during follow-up. 
Progression of VHL was significantly associated with higher SDI 12 months prior to treatment initiation (SDI 
4.7 [3.6] vs 2.1 [2.1] in those without prior VHL; p<0.001). SDI at 12 months prior also strongly predicted SDI 
at treatment initiation (p<0.001) (figure 1). 

Conclusion:  

Progressive VHL and increasing SDI strongly predict future VF risk and support earlier initiation of 
bisphosphonate therapy, even before overt VF development. This challenges current care 
recommendations but could help prevent severe, painful VF cascade often seen in boys with DMD receiving 
corticosteroids. 
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Abstract 

OBJECTIVES: Assessing bone health in pediatric populations is essential for preventing and monitoring 
skeletal fragility, especially in children and adolescents with genetic conditions (such as osteogenesis 
imperfecta) or undergoing chronic treatments that affect bone metabolism. However, ionizing radiation-

based techniques, such as dual-energy X-ray absorptiometry (DXA), present several limitations in 
pediatrics, including reduced suitability for repeated examinations and bone size-dependent 
measurements that may lead to bone mineral density (BMD) underestimation. In this context, 
Radiofrequency Echographic Multi-Spectrometry (REMS), a non-ionizing ultrasound-based 
technology, represents a promising alternative. This study aimed to acquire REMS data from a 
pediatric population to develop age-specific reference curves and spectral reference models for 
BMD assessment throughout skeletal growth. 

METHODS: Pediatric individuals aged 5 to 20 years who underwent REMS acquisitions at the 
proximal femur and lumbar spine were included. REMS analyzes native, unfiltered radiofrequency 
ultrasound signals acquired during a conventional echographic scan. Based on existing REMS 
models for adult populations, a dedicated pediatric-specific algorithm was developed to estimate 
BMD and Z-score. These estimates were compared with DXA measurements obtained at the 
corresponding skeletal sites. The association between REMS- and DXA-derived measurements at both sites 
ǿŀǎ ŀǎǎŜǎǎŜŘ ǳǎƛƴƎ tŜŀǊǎƻƴΩǎ ŎƻǊǊŜƭŀǘƛƻƴ ŎƻŜŦŦƛŎƛŜƴǘ όǊύΦ !ƎǊŜŜƳŜƴǘ ōŜǘǿŜŜƴ ǘƘŜ ǘǿƻ ǘŜŎƘƴƛǉǳŜǎΣ ŀǎ ǿŜƭƭ ŀǎ 
concordance with DXA reference distributions, was further evaluated using BlandςAltman analysis. 

RESULTS: Assessment included 105 femoral and 120 lumbar spine examinations. At the femoral site, 
REMS-derived measurements showed strong correlations with DXA, with r = 0.92 (p < 0.0001) and r = 0.80 
(p < 0.0001) for BMD and Z-score, respectively. Likewise, lumbar spine analysis demonstrated strong 
correlations between REMS and DXA for both BMD (r = 0.93, p < 0.0001) and Z-score (r = 0.90, p < 0.0001) 
values. REMS-derived BMD distributions showed good concordance with DXA reference curves at both 
skeletal sites. 

CONCLUSIONS: These findings indicate that REMS represents a highly promising tool for bone health 
assessment in vulnerable populations, including pediatric patients. By analyzing native radiofrequency 
signals and leveraging age-specific spectral models, REMS offers a reliable, radiation-free approach for the 
early identification of altered bone health and longitudinal monitoring throughout growth in pediatric 
populations. 
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Abstract 

Background: 
 The TannerςWhitehouse (TW) method is a globally recognized system for assessing skeletal 
maturity using radiographs of the hand and wrist. However, its existing reference (TW3) are based 
primarily on Western and East Asian populations, limiting their accuracy when applied to Indian 
children who differ in genetic, nutritional, and environmental backgrounds. 

Objective: 
 To develop population-specific reference values for Skeletal Maturity Scores (SMS) in Indian children aged 
1ς18 years using the TW radiusςulnaςshort bones (RUS-13) system, and to validate these data against the 
current TW3 system. 

Methods: 
 This retrospective study analyzed 3,549 left-hand radiographs (1,741 boys; 1,808 girls) from 
healthy Indian children obtained from previously approved bone age studies conducted between 
2021 and 2024. Radiographs were scored using the TW3 RUS-13 method by two trained observers. 
Age- and sex-specific median SMS values were computed and smoothed using Gaussian curve 
fitting. The Indian SMS was validated prospectively in 50 children (20 healthy, 30 with endocrine 
disorders) and retrospectively for adult height prediction by substituting Indian bone ages into 
TW3 adult height prediction equations. 

Results: 
 SMS values increased progressively with age, showing earlier skeletal maturation in girls than boys. Indian 
children reached full skeletal maturity (SMS = 1000) at ~16.5 years in girls and ~17.5 years in boys. 
Comparison with TW2 and TW3 references indicated that Indian maturation patterns lie between these 
datasets. Validation demonstrated strong agreement between Indian and TW3 bone ages (ICC > 0.95) and 
improved accuracy in adult height prediction using Indian SMS (Mean Absolute Error = ς0.1 cm for Indian vs 
ς0.9 cm for TW3). 

Conclusion: 
 This study provides the first comprehensive Indian reference for skeletal maturity assessment. 
The Indian SMS is likely to enhance clinical accuracy for growth evaluation, endocrine diagnosis, 
and height prediction, supporting region-specific references for pediatric skeletal maturity. 

  

Fig 1: Age- and sex-specific skeletal maturity score (SMS) curves for Indian boys and girls 
compared with TW2 and TW3 reference data. 
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Abstract 

Objectives 

This study aims to determine 1) the feasibility of investigating fracture healing in adolescents and 2) if bone 
microarchitecture changes can be tracked through healing using high-resolution peripheral quantitative 
computed tomography (HR-pQCT). 

Methods 

Adolescents aged 10-15 years with a stable distal radius fracture requiring closed reduction were recruited 
ŦǊƻƳ ǘƘŜ !ƭōŜǊǘŀ /ƘƛƭŘǊŜƴΩǎ IƻǎǇƛǘŀƭ 9ƳŜǊƎŜƴŎȅ 5ŜǇŀǊǘƳŜƴǘ ƻǾŜǊ ŀ с-ƳƻƴǘƘ ǇŜǊƛƻŘΦ ¢ƘŜ ǇŀǊǘƛŎƛǇŀƴǘǎΩ 
fractured radii were imaged using HR-pQCT (XtremeCT II, Scanco Medical) at 1-, 2-, 4-, 8-, and 12-weeks 
post fracture. Scan regions were acquired at a relative offset of 4% of the ulna length. The scan region was 
shifted proximally as necessary to capture the fracture or avoid the physes. Each scan consisted of a 
нлΦпƳƳ ƭƻƴƎ ǊŜƎƛƻƴ ǿƛǘƘ ŀ см˃Ƴ ƴƻƳƛƴŀƭ ƛǎƻǘǊƻǇƛŎ ǊŜǎƻƭǳǘƛƻƴΦ ¢ƻ ƛƴŎŜƴǘƛǾƛȊŜ ǊŜǘŜƴǘƛƻƴΣ о5 ǇǊƛƴǘŜŘ ƳƻŘŜƭǎ 
ƻŦ ǘƘŜ ǇŀǊǘƛŎƛǇŀƴǘǎΩ ŦǊŀŎǘǳǊŜ ǿŜǊŜ ƎƛǾŜƴ ŀǘ ǘƘŜ ŎƻƴŎƭǳǎƛƻƴ ƻŦ ǘƘŜ Ŧƛƴŀƭ ǎǘǳŘȅ ǾƛǎƛǘΦ ¢ƻǘŀƭ volumetric bone 
mineral density (Tt.BMD), total bone volume fraction (BV/TV), and total bone area (Tt.Ar) were measured. 
Paired sample t-tests were used to determine if significant differences (p<0.05) exist between 1- and 12-
weeks post fracture. 

Results 

A total of 11 adolescents (2 female, 9 male, mean age of 12.6 ± 1.2) have been enrolled in the study, of 
which eight have completed the study protocol. Only two of 40 study visits have been missed, and no 
participants were lost to follow-up. Over the 12-week healing period, participants had a 15.6% average 
increase in Tt.BMD (p=0.02) and an 18.4% increase in BV/TV (p=0.003). There was no significant change in 
Tt.Ar between these timepoints. 

Discussion and Conclusion 

This is the first study to use HR-pQCT to study fracture healing in a pediatric population. These results 
suggest that despite the additional complexity in recruitment and retention of pediatric populations, it is 
feasible to study fracture healing in vivo using HR-pQCT. The use of providing 3D printed models of the 
ǇŀǊǘƛŎƛǇŀƴǘǎΩ ŦǊŀŎǘǳǊŜŘ ōƻƴŜǎ ŀǎ ŀƴ ƛƴŎŜƴǘƛǾŜ ŀǇǇŜŀǊŜŘ ǘƻ ƘŜƭǇ ǿƛǘƘ ǊŜǘŜƴǘƛƻƴ ƻŦ ǘƘƛǎ ȅƻǳƴƎŜǊ ǇƻǇǳƭŀǘƛƻƴ. 
Changes in Tt.BMD and BV/TV alongside visual inspection of images (Figure) confirmed the healing process 
could be quantified in adolescents over this timeframe. 
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Abstract 

Objectives:  

Trabecular bone score (TBS) is a textural index derived from lumbar spine (LS) dual exergy X-ray 
absorptiometry (DXA) images. TBS predicts fractures independently of bone mineral density in adults, but 
pediatric use remains limited. We aimed to develop pediatric TBS reference ranges using the new TBS 
Insight v4.0 software, determine if these differed from those from the prior software version published by 
Kalkwarf, et al., 2022, and investigate associations with age, sex, anthropometrics, and fracture. 

Methods:  

We analyzed TBS data from 9898 scans (5060 F) obtained on Hologic densitometers in healthy US children 
enrolled in the Bone Mineral Density in Childhood Study.  TBS reference ranges for youth 5-20y by age and 
sex were generated using the Lambda, Mu, Sigma method. Precision, percent coefficient of variation (%CV), 
was determined on a sub-sample of subjects with repeat scans. Group differences were assessed by paired 
t-ǘŜǎǘǎΣ ŀǎǎƻŎƛŀǘƛƻƴǎ ōŜǘǿŜŜƴ ǾŀǊƛŀōƭŜǎ ōȅ {ǇŜŀǊƳŀƴΩǎ ǊƘƻ ŀƴŘ /ƻȄ ǊŜƎǊŜǎǎƛƻƴΦ 

Results:  

Revised TBS reference ranges differed significantly from previously published values (Figure 1), p<0.0001. 
The %CV for TBS L1-L4 (2.4%) was improved from the prior data (2.9%). TBS values increased with age, with 
the greatest increases during puberty. TBS values were higher in males at younger ages, and higher in 
females during adolescence. There were nonlinear associations between TBS Z-scores and height- and BMI 
Z-scores, peaking at rho=0.43 at 12y (F) and 0.34 at 14y (M) for height (p<0.0001 for both), and rho=0.38 at 
15y (F) and 0.31 at 15y (M) for BMI (p<0.0001 for both). TBS Z-scores were not associated with risk of 
incident low-to-moderate impact fracture over 6 years (HR 0.97, 95%CI: 0.84,1.12). 

Conclusions:  

Revised pediatric reference ranges for TBS differed from those previously published and should be used for 
scans obtained using TBS Insight v4.0 software. TBS values increased during childhood in a sex dependent 
manner, were associated with height and BMI but not incident fracture in this cohort of healthy children. 
Future studies of TBS in children at risk of skeletal fragility are needed. 
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Figure 1. Revised pediatric TBS reference ranges (solid line) differed from those from the prior software 
version (dashed line). 
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Abstract 

Background: 
 In children and adolescents, osteoporosis commonly presents as vertebral fractures, which may 
be asymptomatic. Accurate identification of vertebral deformities requires appropriate vertebral 
morphometry reference data, which remain limited, in growing children. Our objective was to 
establish normative reference data for vertebral morphometry from T4 to L4 using DXA-derived 
Vertebral Fracture Assessment(VFA) in healthy children and adolescents( 5ς18years), and to 
examine variation by age, sex, and anthropometry. 

Methods: 
 Cross-sectional, observational study in healthy children and youth (5-18 years) from Pune, India. 
Participants demonstrated normal growth and had no history of chronic illness/conditions affecting bone. 
DXA scans were performed using a GE-Lunar iDXA system (GE Healthcare, Wisconsin, enCOREV18). VFA 
images were analysed using a standardized six-point morphometric technique to derive anterior, middle, 
and posterior vertebral heights and ratios. Reader precision (reviewed by two clinicians experienced in 
paediatric VFA and adjudicated by a senior DXA clinical scientist) and inter-observer reliability were 
assessed. Age- and sex-specific reference values were generated, and associations between vertebral 
dimensions and anthropometric parameters were examined. 

Results: 
 420 participants (226 males) were analysed. The mean inter-reader reliability was 3.0% 
(range:1.7ς4.5%).Vertebral height increased with age and stature, with acceleration during 
adolescence. Girls demonstrated larger vertebral dimensions for both height and age, particularly 
at the lumbar level. Vertebral heights plateaued around age 13 years in girls, but continued to 
increase in boys until 18 years. By 17 years, boys had significantly greater vertebral heights 
compared to girls. Coefficients of proportionality for average vertebral height increased caudally 
from T4 to L4, with a significant interaction between age and gender (Figure 1). Older girls had 
proportionally smaller thoracic vertebrae compared to younger girls or male counterparts. 
Vertebral height ratios remained relatively stable across age groups, reflecting the preservation of 
vertebral shape during growth, although mild physiological anterior wedging was observed in 
thoracic vertebrae.  

Conclusions: 
 This study establishes the first normative reference dataset for DXA-derived vertebral morphometry in 
children and adolescents, providing a critical benchmark for differentiating physiological variation from 
pathological deformity. These data strengthen the diagnostic framework for vertebral assessment and 
support earlier and reliable identification of vertebral fractures. 
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Figure 1 depicts age- and sex-specific trends in coefficients of proportionality for average vertebral height 
from T4 to L4. Coefficients increased caudally across vertebral levels, with variation by age and sex. The red 
line represents the coefficients of proportionality derived from the manufacturer-provided iDXA reference 
data and is shown for comparison with values obtained from the study cohort. 
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Abstract 

Objectives: Acute lymphoblastic leukemia (ALL) is the most common type of childhood cancer. 
With improved survival rates more attention has turned to long-term outcomes such as impaired 
bone health. DXA is the standard diagnostic tool to assess bone mineral density (BMD) in children 
at risk for bone health complications. High-resolution peripheral-quantitative-computed-
tomography (HR-pQCT) is a three-dimensional diagnostic tool which evaluates both, cortical and 
trabecular bone microarchitecture and may have advantages over DXA. The aim of this study was 
to evaluate whether HR-pQCT can detect early bone health impairment in children and 
adolescents following ALL treatment even if lumbar spine BMD (LSBMD) z-score from DXA is 
normal. 

Methods: In this cross-ǎŜŎǘƛƻƴŀƭ ƻōǎŜǊǾŀǘƛƻƴŀƭ ǎǘǳŘȅ ŀǘ ǘƘŜ ¦ƴƛǾŜǊǎƛǘȅ /ƘƛƭŘǊŜƴΩǎ IƻǎǇƛǘŀƭ ƛƴ ½ǳǊƛŎƘΣ 
Switzerland HR-pQCT findings in children and adolescents within 5 years after ALL treatment were 
compared to healthy controls. All participants underwent HR-pQCT scans of radius and tibia and 
completed a bone health-related questionnaire. Additional assessments for ALL patients included 
LSBMD from DXA, vertebral fracture (VF) assessment from lateral spine radiographs (EOS) and 
bone health-related laboratory measures. Comparisons of HR-pQCT parameters between the two 
groups were tested using Welch t-test or Mann-Whitney U test. 

Results: Complete HR-pQCT data of 30 ALL survivors (16 females; 14 males; mean age 9.7 ± 2.9 
years) and 60 healthy controls (32 females; 28 males; mean age 9.9 ± 3.1 years) were analyzed. 
Five children and adolescents after ALL treatment (17%) showed evidence of one or more VF. 
LSBMD z-scores were within normal range for all patients (mean 0.09 ± 0.85 SDS). Compared with 
healthy controls, pediatric ALL survivors showed significantly reduced cortical area (p=0.013), 
cortical BMD (p=0.001) and cortical thickness (p=0.006) at the tibia, as well as reduced cortical 
area (p=0.046) and cortical BMD (p=0.008) at the radius in HR-pQCT. 

Conclusion: Despite normal LSBMD DXA z-scores, a substantial proportion of children and 
adolescents after ALL treatment demonstrated vertebral fractures and several lower cortical 
parameters in both, the radius and tibia in HR-pQCT. These findings suggest that HR-pQCT may 
serve as a valuable adjunctive tool for the early detection of bone health impairment in pediatric 
ALL survivors. 
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Abstract 

OBJECTIVES: 

Chronic Recurrent Multifocal Osteomyelitis (CRMO), also known as Chronic Nonbacterial Osteomyelitis, is a 
rare autoinflammatory bone condition, typically affecting children. Whole body MRI is used to identify 
CRMO lesions, including vertebral ones. Our objective is to present a novel use of the Genant 
Semiquantitative technique to assess the severity of vertebral fractures in  pediatric patients with vCRMO 
by using MRI. 

METHODS: 

Patients: Data was prospectively collected on all consecutive patients with childhood onset (<18years) 
CRMO, (data collection 2003-2023). Those patients with vertebral lesions were included for analysis. 

Measurements: Whole body or focused magnetic resonance imaging (MRI)  was used to identify CRMO 
lesions at baseline. Patients with vertebral fractures had also plain radiographs of the spine. All vertebral 
fractures were analyzed by Genant Semiquantitative technique which was adapted to MRI to grade the 
involvement of the vertebra. The vertebral fractures   identified by MRI were then compared to vertebral 
fractures identified by plain radiographs and the Genant grading was compared between the MRI and plain 
radiographs. 

RESULTS: 

Nine CRMO patients had vertebral lesions at diagnosis;  55.5% (5/9) were female. Median (range) age at 
diagnosis was 11.4 (7.3-13.9) years. There were a total of  72 CRMO lesions in 9 patients, with 52.8% 
(38/72) located in the spine:  71.1% (27/38) in thoracic, 21.1% (8/38) in sacral and 5.3% (2/38) in the lumbar 
spine.   Of 38 vertebral lesions, 14/38 (36.8%) (in four patients) had baseline vertebral fractures, all located 
in the thoracic spine. Of these fractures, 6/14 (42.9%)  were Genant 1 (4 Biconcave, 2 Crush), 2/14 (14.3%) 
were Genant 2 (2 biconcave), and 6/14 (42.9%) were Genant 3 (3 wedge, 3 biconcave). There was no 
difference in the vertebral fracture severity by the Genant technique applied to plain radiographs versus 
 MRI. 

CONCLUSIONS 

1. The MRI adapted Genant Semiquantitative method   is  effective for identifying vertebral fractures 
in vCRMO and classifying their severity. 

2. It provides a standardized and reproducible method to record and follow vertebral CRMO fractures. 

Future studies are now needed  to validate this method in a prospective vCRMO cohort  to confirm its use 
to study treatment efficacy and vertebral fracture outcomes. 

Disclosure 

None declared 



148 

P55 

The Relationship Between Phosphopenic Rickets and Bone Age in South African 

Children Treated at a Single Clinic Between 2006 and 2022 

Fabrice Bakwene Mboma1, Kebashni Thandrayen1, Ansuyah Magan1,2 

1Department of Paediatrics and Child Health, Chris Hani Baragwanath Academic Hospital, Faculty of Health 
Sciences, University of the Witwatersrand, Johannesburg, South Africa. 2Developmental Pathways for 
Health Research Unit, Johannesburg, South Africa 

Abstract 

Objective: 

To assess the relationship between phosphopenic rickets and bone age. 

Methods:  

This was a retrospective descriptive study of children with phosphopenic rickets, attending the 
Metabolic Bone Clinic at Chris Hani Baragwanath Academic Hospital between January 2006 and 
December 2022. Bone ages from the initial clinic visit radiographs and on subsequent follow-up visits 

during treatment were assessed by Greulich-Pyle method. Hand-wrist and knee radiographs taken at 
initial presentation were assessed for the radiological severity of rickets using the Thacher score. 

Results:  

Seventy-ŦƛǾŜ ǇŀǘƛŜƴǘǎΩ ǊŜŎƻǊŘǎ ŘƛŀƎƴƻǎŜŘ ǿƛǘƘ ǇƘƻǎǇƘƻǇŜƴƛŎ rickets were reviewed. Ten (n=10/49; 
20%) patients presented with delayed bone age at diagnosis. The Thacher score at the initial 
presentation was higher in the delayed bone age group compared to the normal bone age group 
(p=0.04). There was a negative correlation between the Thacher score and height for age z-score 
(HAZ) at presentation, thus children with more severe Thacher scores had lower HAZ scores (r=-
0.36; r2=0.13; p=0.013).  

Conclusion:  

Phosphopenic rickets negatively impacts stature and BA which is associated with higher 
radiological severity score of rickets. The clinical application of bone age assessments in addressing 
the short stature observed in this condition and mitigating possible associated risk factors is 
warranted to improve the management, quality of life and outcomes for these affected patients. 
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Abstract 

OBJECTIVES:  

This study is a retrospective audit looking at the utilisation of bone densitometry scanning at a 
tertiary paediatric hospital and trends in referral practices. 

METHODS:  

All patients who underwent dual-energy x-ray absorptiometry (DXA) scanning using a Horizon (Hologic, 
.ŜŘŦƻǊŘΣ a!ύ ŘŜƴǎƛǘƻƳŜǘŜǊ ōŜǘǿŜŜƴ лмκлмκнлмф ŀƴŘ мрκлнκнлнп ŀǘ ǘƘŜ wƻȅŀƭ /ƘƛƭŘǊŜƴΩǎ IƻǎǇƛǘŀƭ όw/Iύ 
were included. Data regarding the referring team, indication, and bone density were collected from 
individual DXA referrals and the electronic medical record. Statistical analysis was performed using 
Microsoft Excel (Microsoft Corporation, Redmond, WA, USA). 

RESULTS:  

There were 3833 bone densitometry scans performed on 2406 different patients. 

The most common indications were eating disorders (n=645, 16.83%), gender dysphoria (GD) (n=565, 
14.74%), Duchenne muscular dystrophy (DMD) (n=289, 7.54%) and osteogenesis imperfecta (n=245, 
6.39%). Endocrinology (n=1501, 39.16%) and Adolescent Medicine (n=1094, 28.54%) together accounted 
for over two-thirds of all bone densitometry referrals. 

The annual proportion of referrals from Adolescent Medicine increased from 23.34% in 2019 to 
32.77% in 2023 (Figure 1). This is accounted for by a significant increase in referrals for scans for 
patients with GD from 8.60% in 2019 to 22.93% in 2023, representing a 266.63% increase in the 
proportion of total scans done in children with GD during the study timeframe. 

1546 patients (64.26%) had a single scan, whilst 860 patients (35.74%) had 2 or more scans. The highest 
rate of repeat scans was observed in children with achondroplasia (84.09% of patients), osteogenesis 
imperfecta (72.63%) and DMD (72.32%). All scans for achondroplasia were performed in the setting of 
clinical research. 
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Figure 1. Percentage of RCH DXA Referral Indications 2019 to 2024 

CONCLUSIONS:  Bone densitometry is being used to screen for low bone density in a variety of different 
ŎƘƛƭŘƘƻƻŘ ƛƭƭƴŜǎǎŜǎΣ ŀƴŘ ŦƻǊ ŀƴ ƛƴŎǊŜŀǎƛƴƎ ŀǊǊŀȅ ƻŦ ŎƭƛƴƛŎŀƭ ǊŜǎŜŀǊŎƘΦ ¢Ƙƛǎ ǎǘǳŘȅΩǎ ŦƛƴŘƛƴƎǎ ǎǳƎƎŜǎǘ ŀƴ 
increasing demand for bone densitometry among children with gender dysphoria, highlighting the need for 
additional imaging capacity to ensure timely and equitable access for other clinical indications. 
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Abstract 

Background: 

Nutritional rickets and osteomalacia due to vitamin D deficiency remain a serious global public health 
burden. Adolescents with low calcium intake and limited sun exposure, including those wearing full-
body veils, are at increased risk. Diagnosis in late puberty can be challenging because growth plates are 
narrowing, and classical radiographic signs of rickets may be subtle. MRI findings in nutritional rickets 
are rarely reported. 

  

Presenting problem: 

A 15-year-old veiled female presented to the paediatric surgery emergency department with a one-
month history of atraumatic, activity-related pain in the left knee. Initial X-ray demonstrated 
metaphyseal fraying and widening of the epiphyseal line adjacent to nearly closed growth plates of the 
distal femur (Figure A, B). Subsequent MRI imaging revealed pronounced metaphyseal signal 
alterations of the femur and tibia (Figure C, D). Routine laboratory tests obtained prior to MRI already 
showed mild hypocalcaemia. With these findings, the endocrinological department was consulted and 
further evaluation revealed the characteristic diagnostic profile of severe vitamin D deficiency rickets, 
including markedly elevated serum alkaline phosphatase (1155 U/L; [50 - 117 U/L]) and parathyroid 

hormone levels (1293 pg/ml; [18.5 - 88 pg/ml]), undetectable 25-hydroxy vitamin D, hypocalcaemia 
(2.00 mmol/l; [2.10 - 2.55 mmol/l]), and hypophosphataemia (0.85 mmol/l; [0.90 - 1.55 mmol/l]). 

  

Clinical Management: 

The diagnosis of nutritional rickets was established based on the combination of clinical, biochemical, 
and imaging findings. High-dose cholecalciferol and calcium supplementation were initiated. Family 
screening revealed vitamin D deficiency in all female members tested, although none showed 
biochemical or clinical evidence of active rickets or osteomalacia. 

  

Discussion:  

In adolescents nearing skeletal maturity, physiological narrowing of the growth plates can attenuate 
typical radiographic manifestations of rickets, increasing the risk of underrecognition. In this case, MRI 
contributed to the diagnosis by revealing distinctive metaphyseal signal changes reflecting defective 
osteogenesis and growth plate elongation caused by hypertrophic cartilage extension, which were only 
subtle on conventional radiography.  This highlights the importance of considering rickets in at-risk 
adolescents and supports the use of MRI as an additional diagnostic tool in late pubertal patients when 
conventional imaging is inconclusive. 
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Abstract 

Objectives: To assess whether children under 2 years old with either genetic or radiographic evidence of 
bone fragility would have negative tibial speed of sound z-scores. 

Methods: Cases with known bone fragility were identified by consultation to the child abuse team and had 
ŜƛǘƘŜǊ ǊŀŘƛƻƎǊŀǇƘƛŎ ƻǊ ƎŜƴŜǘƛŎ ŜǾƛŘŜƴŎŜ ƻŦ ōƻƴŜ ŦǊŀƎƛƭƛǘȅ ŀǘ ŀ ǉǳŀǘŜǊƴŀǊȅ ŎƘƛƭŘǊŜƴΩǎ ƘƻǎǇƛǘŀƭΦ /ƘƛƭŘ ŀōǳǎŜ 
evaluation included a skeletal survey as part of routine care. Caregivers were consented to participate in 
the study to obtain the tibial speed of sound (SOS) measurement. Mid-tibial (SOS) by quantitative 
ultrasound (QUS) was obtained on each subject using the MiniOmni (BeamMed). A repeated tibial SOS was 
obtained in 1 infant 1 month after definitive treatment of the underlying cause of her rickets. Per the device 
instructions, the CM probe was used as the first line to obtain tibial SOS. If the CM probe would not register 
any measurement, the CR probe was then used to obtain the measurement. The device only provides z-
scores for the CM probe, as the CR probe is intended for use in premature infants. Therefore z-scores were 
also calculated using the age-specific reference value and standard deviation provided by the device 
ƳŀƴǳŦŀŎǘǳǊŜǊΦ ¢Ƙƛǎ ǎǘǳŘȅ ǿŀǎ ŀǇǇǊƻǾŜŘ ōȅ ǘƘŜ ƛƴǎǘƛǘǳǘƛƻƴΩǎ Lw.Φ 

Results: All 5 of the infants with evidence bone disease had negative z-scores. The 4 infants that presented 
with multiple fractures had z-scores lower than the 1 infant who presented with osteopenia but no 
fractures. The 1 infant who was re-measured after definitive treatment of the underlying cause of her 
rickets had a markedly improved z-score. 

Conclusion: Quantitative ultrasound, tibial speed of sound may be a useful radiation-free, point-of-care test 
to screen for bone fragility in infants. More study is needed, but this would fill a crucial gap in pediatric 
bone fragility evaluation. 

 
 

Chron 
Age 
(months) 

Gestational 
age at birth 
(weeks) 

Sex Bone problem 
and diagnosis 
modality 

Current 
fractures 

Tibial 
SOS 
(m/s) 

Device 
Z-score 

Calculated 
Z-score 

6* 38 F Rickets on x-
ray 

2 lateral 
ribs, 2 
femur, 1 
fibula; 
total= 5 

2531 n/a -4.3 

8 33 M Rickets on x-
ray 

10 ribs, 1 
fibula; 
total= 11 

2321 n/a -6.0 

8 33 F Rickets on x- 8 ribs, 1 
humerus, 

2351 -7.5 -6.6 
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ray 1 fibula; 
total = 10 

13 31 M Osteopenia on 
x-ray 

None 3100 -1.0 -0.99 

1 35 F OI type IV- 
genetic and x-
ray 

2 ribs, 1 
ulna, 1 
humerus; 
total = 4 

2729 n/a -3.36 

11* 38 F Resolved 
rickets 

n/a 2808 n/a -0.96 

*Notes the same patient with 2 different measurements 
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Abstract 

Objectives: Preterm infants are at increased risk of metabolic bone disease of prematurity (MBDP), a 
condition characterised by radiographic abnormalities occurring late in the clinical course, including 
osteopenia, rickets and fractures. Early identification relies on serum alkaline phosphatase (ALP) and 
phosphate. However, various thresholds for these markers have been suggested in existing literature, 
ǊŀƴƎƛƴƎ ŦǊƻƳ ŀƴ ![tҗрлл ǘƻ фллƛǳκ[ ǿƛǘƘ ŀƴŘ ǿƛǘƘƻǳǘ ǎƛƳǳƭǘŀƴŜƻǳǎ ƭƻǿ ǇƘƻǎǇƘŀǘŜ όғмΦо ƻǊ ғмΦуƳƳƻƭκƭύΦ 
We determined the incidence of biochemical MBDP in preterm infants, and described associated maternal 
and neonatal characteristics. 

Methods: A retrospective analysis of real-ǿƻǊƭŘ ŎƭƛƴƛŎŀƭ Řŀǘŀ ŦǊƻƳ ǇǊŜǘŜǊƳ ƛƴŦŀƴǘǎ όōƻǊƴ ғол ǿŜŜƪǎΩ 
gestation (2009ςнлмуύ ƻǊ ғон ǿŜŜƪǎ όнлмуς2024)) at a tertiary UK (UK) neonatal unit. Routinely collected 
serum ALP and phosphate, neonatal characteristics (gestation age (GA) at birth, birthweight, sex) and 
maternal characteristics (parity, smoking and ethnicity) were extracted from clinical records. 

We explored the incidence of biochemical MBDP using ALP thresholds of 500, 600, 700, 800 and 900iu/L 
ŀƭƻƴŜ ŀƴŘ ƛƴ ŎƻƳōƛƴŀǘƛƻƴ ǿƛǘƘ ƭƻǿ ǎŜǊǳƳ ǇƘƻǎǇƘŀǘŜ όғмΦо ƻǊ мΦуƳƳƻƭκƭύΦ hƴƭȅ ǇŀǘƛŜƴǘǎ ǿƛǘƘ җн ŎƻƴǎŜŎǳǘƛǾŜ 
abnormal biomarker measurements after the first week of life were considered to have biochemical MBDP. 

Results: Data for 391 infants were included (median (IQR); GA 28 weeks (26, 29), birthweight 935g (765, 
ммурύύΦ LƴŎƛŘŜƴŎŜ ƻŦ ōƛƻŎƘŜƳƛŎŀƭ a.5t ǊŀƴƎŜŘ ŦǊƻƳ мΦл҈ ǿƘŜƴ ŘŜŦƛƴŜŘ ŀǎ ![tҗфллƛǳκ[ ǿƛǘƘ ǇƘƻǎǇƘŀǘŜ 
ғмΦоƳƳƻƭκƭ ǘƻ рмΦт҈ ǿƘŜƴ ŘŜŦƛƴŜŘ ōȅ ƻƴƭȅ ![tҗрллƛǳκ[Φ 

¦ǎƛƴƎ ŀ ŘŜŦƛƴƛǘƛƻƴ ŦƻǊ ōƛƻŎƘŜƳƛŎŀƭ a.5t ƻŦ ![tҗрллƛǳκ[Σ ƳƻǊŜ ƛƴŦŀƴǘǎ ǿƛǘƘ ōƛƻŎƘŜƳƛŎŀƭ a.5t ǿŜǊŜ ƳŀƭŜ 
όсо҈ Ǿǎ пу҈Σ ǇғлΦлмύ ŀƴŘ ǘƘŜȅ ǿŜǊŜ ōƻǊƴ ŜŀǊƭƛŜǊ όƳŜŘƛŀƴ нт Ǿǎ нф ǿŜŜƪǎΣ ǇғлΦлмύΦ {ƛƳƛƭŀǊ ǘǊŜƴŘǎ ǿŜǊŜ 
observed for definitions of biochemical MBDP combining ALP and phosphate, but with weaker associations 
as the threshold for ALP increased. Maternal parity, smoking and ethnicity did not differ for infants with 
and without biochemical MBDP. 

Conclusions: The incidence of biochemical MBDP varied markedly depending on the thresholds for ALP and 
phosphate used, highlighting the need for clear clinical guidelines and diagnostic criteria. Irrespective of the 
definition used, biochemical MBDP was associated with male sex and earlier gestation at birth, highlighting 
infants who may benefit from nutritional strategies to prevent MBDP. 
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Abstract 

OBJECTIVES 

Osteogenesis imperfecta (OI) is a heterogeneous genetic disorder characterised by bone fragility and 
reduced bone mineral density (BMD). The natural history of bone density and fractures through childhood 
remains incompletely described, with longitudinal descriptions of effects of bisphosphonates (BP) limited. 

We describe these in a large cohort of children with OI, and explore associations between bisphosphonate 
treatment, fracture frequency, and skeletal density over long-term follow-up. 

METHODS 

Retrospective review of all patients with OI, in a single specialist centre, over a 23-year period. Electronic 
notes were reviewed for clinical descriptions, treatment regimes and fracture incidence. Annual DEXA and 
pQCT scans, reported by consultants in paediatric radiology or metabolic bone, were reviewed for BMAD 
and volumetric density. Data were collated in Excel and analysed in Python 3.1.1. 

RESULTS 

Data were collected from 135 children (66 female) with OI (nosology types 1 = 90, 3 = 14, 4 = 
28), representing 1276 years of longitudinal data. Median age at diagnosis: 1.5 years. Median age at 
measurement: 7.5 years. 

Amongst patients with paired pre and on-treatment BMD data (n=41), BP use was associated 
with increased BMD scores (Figure1). Immediate-pre vs first on-treatment scores were: lumbar 
spine BMAD z ς1.37 to ςлΦмм όɲ Ґ ҌмΦнсΣ P<0.001); WBLH z ς2.48 to ςлΦпф όɲ Ґ 
+1.99, P<0.001); pQCT cort/trab -мΦлн ǘƻ ҌлΦлс όɲ Ґ ҌмΦлуΣ P<0.001). 

For those with pre and on-treatment fracture data (n=84), median long bone annualised fracture rate 
(AFR) was associated with BP treatment, decreasing from 0.81 pre-treatment to 0.18 on-ǘǊŜŀǘƳŜƴǘ όɲ Ґ ς
0.46 (P<0.001 via Wilcoxon Rank)). Total AFR reduced from 1.56 to мΦмрΣ όɲ Ґ ς 0.63 (P<0.001)). Those with 
Nosology Type 3 showed the greatest reduction (long bone AFR 5.5 to 2.15, ɲ Ґ -2.43, P<0.001). 

CONCLUSIONS 

Within this large, and comprehensive, patient cohort, we have demonstrated a positive, and 
rapid, association between BMD scores and bisphosphonate treatment. This positive association plateaus 
with time, possibly reflecting weaning of BP dose to target appropriate BMD scores. BP also associates 
with fracture rates; the rate of clinically meaningful fractures reducing to a median of only 0.18 long bone 
fractures per year. 
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Abstract 

Objectives 

Children living with obesity, as defined by body mass index (BMI), typically have higher bone mineral 
density (BMD) than healthy weight peers.  Normal weight obesity (NWO) describes the combination of a 
.aL ǿƛǘƘƛƴ ǘƘŜ άƘŜŀƭǘƘȅέ ǊŀƴƎŜ ōǳǘ ǿƛǘƘ ƘƛƎƘ ōƻŘȅ Ŧŀǘ ǇŜǊŎŜƴǘŀƎŜ ό҈.CύΦ b²h Ƙŀǎ ōŜŜƴ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ 
increased cardiovascular risk, but the effect on bone health is poorly described.  We compared BMD in 
children with NWO to those with a healthy BMI and low %BF (LL) and a high BMI and %BF (HH). 

Methods 

Lƴ ǘƘŜ {ƻǳǘƘŀƳǇǘƻƴ ²ƻƳŜƴΩǎ {ǳǊǾŜȅ ƳƻǘƘŜǊ-offspring cohort study, children had anthropometry and 
whole body (WB) and lumbar spine (LS) DXA (Hologic Discovery) at age 8-9 years. Overweight/obese was 
defined by a BMI z-ǎŎƻǊŜ ό.ǊƛǘƛǎƘ мффл ǊŜŦŜǊŜƴŎŜ Řŀǘŀύ җмΦ ². ҈.C ǿŀǎ ŀŘƧǳǎǘŜŘ ŦƻǊ ŀƎŜ ŀƴŘ ǎŜȄ ŀƴŘ 
standardised within the cohort; %BF z-ǎŎƻǊŜ ό҈.CȊύ җм ǿŀǎ ŎƭŀǎǎŜŘ ŀǎ ƘƛƎƘΦ 

CƻǊ ŜŀŎƘ ǎŜȄΣ ǇǊƻǇŜƴǎƛǘȅ ǎŎƻǊŜ ƳŀǘŎƘƛƴƎ ǿŀǎ ǳǎŜŘ ǘƻ ƳŀǘŎƘ мΥм b²h ό.aLȊғм ϧ ҈.CȊҗмύ ǘƻ [[ 
(BMIz<1 & %BFz<1) by BMIz ŀƴŘ ŀƎŜΣ ŀƴŘ ǘƻ II ό.aLȊҗм ϧ ҈.CȊҗмύ ōȅ ҈.CȊ ŀƴŘ ŀƎŜΦ ²ƘƻƭŜ ōƻŘȅ 
less head (WBLH) and LS bone mineral content (BMC), BMD and bone mineral apparent density 
(BMAD) were compared across groups using ANOVA. Results are shown as mean (SD). 

Results 

Twenty-four of 807 (3%) participants had NWO (9 male, mean BMIz 0.55 (0.36), %BF 34.2 (2.6)). 
The matched LL had similar BMIz (0.63 (0.29) p=1.0) but lower %BF (25.2 (3.2) p<0.001); HH had 
higher BMIz (1.65 (0.51), p<0.001) but similar %BF (34.5 (2.7) p=1.0). 

WBLH BMC was similar for each group (p=0.92). WBLH BMD was lowest in children with NWO (0.620g/cm2 
(0.053), LL (0.667g/cm2 (0.062), HH (0.679g/cm2 (0.052), p=0.001 across groups), with a similar distribution 
for WBLH BMAD (NWO 0.018 g/cm3 (0.002), LL 0.020 (SD 0.002), HH 0.020 (SD 0.002), p<0.001 across 
groups). LS BMD and BMAD had similar trends (p>0.05). 

Conclusions 

Children with NWO had the lowest BMD.  This finding suggests that excess adiposity without the additional 
loading weight may impair bone mineral accrual. Consideration of how to identify children with NWO and 
promote bone health is needed. 
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Abstract 

OBJECTIVES  

Linear growth rate is often impaired for children with osteogenesis imperfecta (OI); the degree 
differing by nosology type and severity. Previous large cohorts have generated cross sectional 
growth curves, but dense longitudinal data are lacking.   

We aimed to describe longitudinal, within-person, changes in height and weight in a single centre, 
real world cohort, with analysis of effects from subgroups and treatment regimes.   

METHODS  

Retrospective review of all patients with OI, cared for by a single specialist centre, over a 23-year 
period. Height and weight z-scores were calculated from UK 1990 and WHO dataset hybrids. Data 
were collated in Excel and analysed in Python 3.1.1.   

RESULTS  

Over 1000 yearly height and weight measurements were available from 130 children with 
OI. Median (IQR) annual measurements, per patient, were 8 (4-11), with highest density from 3y-
11y.   

Those with nosology types 1 and 4 had mean height z-scores below population mean, at ς0.74 and 
ς1.62, but stable growth rates (+0.02 and +0.05 z-scores/year). Those with nosology type 3 had 
height z-scores significantly below average, at ς4.06, as well as lower growth rate (ς0.14 z-
scores/year) (Figure 1).   

In those with paired pre and on-treatment height z-scores (n=54), time series mixed modelling 
showed an upward change in trajectory after bisphosphonate start (+0.07 z-scores/year slope 
change, P=0.002). Restricted to type 1 patients (n = 46), slope seemed to improve by +0.05 z-
scores/year (P=0.04) with effect reducing over time.    

Weight was higher than height; mean weight z-scores for nosology groups 1, 4 and 3 were 0.0, -
0.82 and ς1.96 with longitudinal slopes of +0.04, 0.00 and ς0.9 z scores per year. BMI z 
scores (slope) were +0.54 (-0.04), +0.36 (+0.103) and +1.15 (0.00) for each group.    

CONCLUSIONS  

These within-patient longitudinal data confirm previous cross-sectional ǎǘǳŘƛŜǎΩ ŦƛƴŘƛƴƎǎ ƻŦ ōŜƭƻǿ 
average height for most patients with OI. Height is particularly low in nosology type 3 
and decreases over time. Bisphosphonates may confer some benefit to height, but effect is 
uncertain. Weight is closer to population mean than height in all groups and efforts must be made 
to monitor BMI in these patients.   
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Abstract 

OBJECTIVE  

Vitamin D plays a key role in calcium homeostasis within the body and deficiency is common. However 
excessive consumption can result in toxicity and hypercalcaemia. With increased awareness around Vitamin 
D supplementation within the UK, there has been an increase in cases of Vitamin D toxicity (VDT) amongst 
the paediatric population. 

Although cases of VDT remain uncommon, relaxed regulatory standards 
for colecalciferol supplements have led to an acute surge in cases. 

METHODS  

We present data from 12 children who presented across the UK with hypercalcaemia due to VDT between 
December 2024 - March 2025. Standardised data collection sheets were used in each centre, with data then 
amalgamated by a central team. 

RESULTS  

Age of presentation ranged from 2 months - мн ȅŜŀǊǎΣ ǿƛǘƘ п όоо҈ύ ǇŀǘƛŜƴǘǎ Җм ȅŜŀǊΦ /ƻƳƳƻƴ ǇǊŜǎŜƴǘƛƴƎ 
symptoms were vomiting (50%), lethargy (42%), altered bowel habits (33%), and poor feeding with weight 
loss (33%). 

Patients had hypercalcaemia [mean 3.64mmol/L], a raised 25[OH]VitaminD [1281nmol/L] and suppressed 
parathyroid hormone (PTH) levels [0.28pmol/L]. 

Urinary calcium:creatinine (measured in 9 patients); showed mild-moderate hypercalciuria mean (range) 
2.13mmol:mmol (1.08 ς 4.7). 

Treatment was initiated in all cases. The majority (92%) received intravenous hyper-hydration (92%) and 
pamidronate infusions (58%), with three (25%) requiring repeat doses. Seven (58%) patients adhered to a 
strict low calcium diet. One patient received furosemide and another was treated with prednisolone. Two 
patients (17%) developed nephrocalcinosis, and four (33%) experienced acute kidney injury (AKI). Median 
time to calcium normalisation (2.20-2.60 mmol/L) across the cohort was 37 days (Figure 1). 

All patients were receiving Vitamin D treatment, with colecalciferol, prior to admission. Eleven patients 
(92%) were receiving a defective batch of colecalciferol, subsequently withdrawn by the manufacturer, 
following a safety alert. 

CONCLUSION 

This case series serves to remind clinicians of VDT as a potential cause of hypercalcemia in children and 
highlight effective treatment options. To minimise the risk of VDT to the paediatric population, we 
recommend stricter licensing laws for colecalciferol supplementation within the UK. 
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Abstract 

OBJECTIVES:  

People with cystic fibrosis (CF) experience early-onset osteoporosis diagnosed in young adulthood. 
Compared to the general population, they have a 100-fold and 2-fold increased risk for vertebral and non-
vertebral fractures respectively. The objective of this study was to examine age-specific fracture incidence 
to establish if children with CF experience skeletal fragility before young adulthood, which is when most 
people with CF begin screening for osteoporosis. 

METHODS:  

Fractures were identified by manual chart review of patients in the Johns Hopkins pediatric CF clinic, 
followed by surveying patients (age 0-21Y) presenting to CF clinic to minimize bias from missing 
documentation. Medical charts were reviewed for additional fracture and demographic information. 

RESULTS:  

We identified 209 youth with CF for chart review; 52 (25%) fractured 70 bones by age 18Y. In 2025, we 
surveyed 156 patients, of whom 133 were in the chart review. Baseline characteristics of youth at survey 
completion revealed a median age of 12Y, 39% female, sufficient nutritional status (BMI +0.2 SDS) and 
normal lung function (FEV1 99 %predicted). Children who had fractured were older (15Y) than children who 
had not fractured (11Y), (p < 0.001). Of surveyed patients, 36 (23%) fractured 48 bones during childhood. 
The cumulative incidence of fracture by age 18Y was 62.4% (chart review) and 41.3% (survey) (Figure 1). 
There was no difference by sex. The incidence of fracture per 1000 person-years was 14-15 (age 0-4Y), 21-
33 (age 5-9Y), 36-67 (age 10-14Y), and 74-75 (age 15-17Y). Upper long bones were the most common 
fracture site; two children experienced a vertebral fracture. By chart review, 73% of fractures documented 
mechanism of injury but lacked sufficient details to grade trauma level; 15% of fractures captured by survey 
were low/no trauma. 

CONCLUSIONS:  

Cumulative incidence of fracture in children with CF was 2.3-3.4-fold higher than reported in healthy US 
children. The incidence of fractures in CF youth remains high, similar to rates published between 1994-
2018, despite tremendous improvements in CF care. Our study is limited by recall bias. Next steps are 
focused on identifying genetic, imaging and other clinical predictors of osteoporosis in people with CF. 
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Abstract 

Objectives: 

Appropriate reference intervals (RI) for parathyroid hormone (PTH) are essential for the meaningful 
interpretation of bone biochemistry. Current practice uses paediatric RI from the literature, derived from 
healthy volunteers in the community. The current, age based RI, from this method, is from 0.7-1.6 to 6.3-
7.2pmol/L (Figure 1). However, vitamin D status and calcium levels were not considered as part of these 
studies and could affect RI.  As recruitment of healthy controls from the community is challenging, we 
examined pre-existing in-house laboratory data to establish paediatric specific PTH RI for a large, diverse 
population. 

Methods: 

PTH results were extracted from our laboratory IT system, covering a 24-month period from September 
2022, for all patients under the age of 18 years. Analysis was performed using Roche methods. Biochemical 
exclusions were applied based on the plasma adjusted calcium, creatinine, urea, phosphate, alkaline 
phosphatase and serum 25[OH]VitD. Only one PTH result was included per patient. Clinical details were 
reviewed to exclude patients with bone or renal pathology and gestation < 37 weeks in patients < 6 months 
old. Outliers were removed using the Tukey method on Box-Cox transformed data, upper and lower RI were 
calculated by nonparametric analysis of the central 95% of values. 

Results: 

A total of 8450 PTH results, from 4368 patients, were extracted. After exclusions were applied, 620 PTH 
results were used to derive a RI of 1.6 (90% CI 1.5 ς 1.7) to 7.4 (90% CI 7.0 ς 8.2) pmol/L. Data closely 
matched existing reference data but did not support partitioning by sex or into separate age groups (Figure 
1). 

Conclusions: 

This study demonstrates that laboratory data, combined with the application of strict exclusion criteria, 
may be used to derive local RI.  These local RI showed general agreement with direct RI reported in the 
literature and support their continued use for our population. Uncertainty (90% CI) around the upper limit 
of PTH RI is relatively high (Figure 1) and must be taken into account during clinical interpretation. 
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Abstract 

OBJECTIVES:  

Achondroplasia (ACH) is a rare genetic condition driven by a systemic fibroblast growth factor receptor 3 
(FGFR3) variant, resulting in skeletal dysplasia and a range of serious musculoskeletal, neurological, and 
cardiorespiratory complications. To date, studies describing the epidemiology of achondroplasia globally 
are limited, and vary widely. This study aimed to estimate ACH birth prevalence, both globally and by 
region, based on a systematic literature review and meta-analysis. 

METHODS:  

A systematic literature review of PubMed and Embase was conducted to identify all studies reporting ACH 
birth prevalence across all geographies. Studies were reviewed against exclusion criteria in accordance with 
PRISMA guidelines. Birth prevalence estimates were standardized to reflect rates per 100,000 live births; 
studies that combined live births and stillbirths/abortions were adjusted using the live birth-to-total birth 
ratio (0.82) from a recent study [1], and studies not specifying the population were assumed to reflect live 
births only. Pooled global birth prevalence and 95% confidence intervals (CI) were estimated using a 
random-effects meta-analysis, with subgroup analyses by region. Study heterogeneity was assessed using 
ŦƻǊŜǎǘ ǇƭƻǘǎΣ ŀƴŘ /ƻŎƘǊŀƴΩǎ v ŀƴŘ Lн ǎǘŀǘƛǎǘƛŎǎΦ 

RESULTS:  

The literature review identified 55 studies that met the inclusion criteria. 29 (53%) studies required 
adjustment to limit the denominator to live births only. Random-effects meta-analysis estimated a pooled 
ACH global birth prevalence estimate of 3.7 per 100,000 live births (95% CI: 3.1, 4.2) with considerable 
study heterogeneity (I2 = 79.7%). Pooled birth prevalence estimates varied by region, with studies 
conducted within the Middle East and North Africa (MENA) reporting the highest estimates (23.1 [95% CI: 
13.4, 32.8]) and Northern America the lowest (2.8 [95% CI: 1.8, 3.8]) (Figure 1). 

CONCLUSIONS:  

Pooled ACH global birth prevalence is estimated at 3.7 per 100,000 live births with notable heterogeneity 
between studies. This global estimate was lower than a recently published meta-analysis (4.6 per 100,000 
births) [2], however this previous study did not distinguish between live births and stillbirths. While data 
gaps remain in some regions and methodologies vary across studies, these findings provide an updated 
foundation for understanding global and regional ACH prevalence patterns. 
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Abstract 

OBJECTIVES:  

IFITM5 codes for the transmembrane protein BRIL that is expressed in osteoblasts. A recurrent variant in 
ǘƘŜ рΩ¦¢w ƻŦ IFITM5 (NM_001025295.3; c.-14C>T) leads to osteogenesis imperfecta (OI) type V, which is 
characterized by hyperplastic callus formation. Other IFITM5 variants are exceedingly rare, and their 
mechanistic effects have not been studied. Here we describe the phenotype of three Mexican boys with 
different missense variants in IFITM5 and elucidate the associated molecular and cellular defects. 

METHODS:  

The three patients were followed at the Shriners Hospitals for Children ς Mexico. Genomic DNA was 
analyzed using a 613-gene Skeletal Disorders Panel. 

RESULTS:  

By 13 years of age, Individual 1 had approximately 30 fractures, mostly affecting femurs (Figure). Femoral 
rodding was performed bilaterally, and he was able to ambulate thereafter. Height was 135 cm (z-score -
3.1). Individual 2 had bilateral deformities of femur, tibia and fibula at birth. By the age of 8 years, he had 
sustained about 15 fractures. Corrective surgery with intramedullary rodding was performed in both femurs 
and tibias at 7 years of age and he was able to ambulate with assistance. Individual 3 was 11 years old and 
had a total of 6 fractures, all in the left femur. At 3 years of age, the left femur deformity was corrected by 
intramedullary rodding surgery. His height was 132 cm (z-score -1.9). Genetic testing revealed de novo 
heterozygous variants in IFITM5 for the three cases, respectively: c.119C>G (p.Ser40Trp), c.119C>T 
(p.Ser40Leu), and c.143A>G (p.Asn48Ser). When expressed in cultured osteoblasts, all three BRIL protein 
variants were localized intracellularly in the endoplasmic reticulum-Golgi, but not the plasma membrane. 
The variants did not induce a MEF2-luciferase signaling readout and had a dominant negative effect when 
co-transfected with wild type. Biochemical analysis indicated that mutated BRIL was not palmitoylated. 

CONCLUSIONS:  

All three patients with IFITM5 missense variants had severe bone fragility, but none had hyperplastic callus. 
On the molecular and cellular level, the variants were mislocalized and had dominant negative effects. 
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Abstract 

OBJECTIVES:  

ECEL1-related arthrogryposis (also called distal arthrogryposis type 5D) is a subtype of arthrogryposis 
multiplex congenita (AMC) characterized by joint contractures predominantly in the distal 
extremities, ocular features and absence of central nervous system 
involvement. Previous sequencing studies, focused on individuals from Europe, the Middle East and 
Australia, found biallelic ECEL1 mutations in 2% to 4% of individuals with AMC. In the present study, we 
investigated ECEL1-related distal arthrogryposis in a cohort of individuals with AMC from Mexico. 

METHODS:  

The study cohort comprised 89 children and adolescents with AMC residing in Mexico. Whole-genome 
sequencing was performed on saliva-derived DNA samples from all participants and their available parents. 

RESULTS:  

We found that 37 patients (42% of the Mexican AMC study cohort; age range 1 year to 17 years; 15 
females) had biallelic variants in ECEL1. Of these, 21 individuals were homozygous for a 46-bp frameshift 
deletion in ECEL1 (c.110_155del; p.Phe37CysfsTer151). In addition, 8 study participants were compound 
heterozygous for the 46-bp deletion. Thus the 46-bp frameshift deletion accounted for 50 of the 
74 mutant ECEL1 alleles (68%) observed in the cohort. The remaining 34 ECEL1 alleles had 14 different 
pathogenic or likely pathogenic variants. Based on data from the Mexico City Prospective Study, the 
estimated carrier rate of the ECEL1 c.110_155del variant is approximately 1/600 in Indigenous 
Mexican ancestries, which is about 30 times more frequent than the prevalence of the variant in European 
ancestries. To investigate the origin of the ECEL1 46-bp deletion, we performed runs of homozygosity (ROH) 
analyses among homozygous individuals to assess evidence for a founder effect. Eighteen of the 21 
homozygotes shared a common ROH spanning chr2:232,348,814ς232,610,186, a region of 261 
kb encompassing the ECEL1 locus (Figure). Based on ROH length, we estimate a time to the most recent 
common ancestor of approximately 68 generations, or about 1,700 years ago, assuming a mean generation 
time of 25 years. 

CONCLUSIONS:  

ECEL1-related distal arthrogryposis is relatively common in Mexico and appears to be caused by a 1,700-
year-old founder effect of a 46 bp deletion in this gene. 
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Figure. Shared run of homozygosity (ROH) among 18 Mexican individuals homozygous for the ECEL1 
c.110_155del variant supports inheritance from a common ancestor.  
Following whole-genome sequencing, ROH were visualized in Integrative Genomics Viewer. ROHs across 
chromosome 2 are shown in genomic coordinates (Mb). Dark green horizontal bars indicate the 
homozygous region for each individual. The solid yellow line marks the ECEL1 locus, while the shaded 
yellow region denotes the shared 231 kb ROH flanking ECEL1, present in all 18 homozygous individuals, 
consistent with a founder effect. 
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Abstract 

METHODS: 

Within a collaborative study on paediatric bone fragility in Egyptian patients, we performed whole-exome 
sequencing and segregation analysis in families with suspected OI. Furthermore, we systematically analyzed 
triple-helical-domain glycine substitutions found in unaffected individuals using gnomAD 4.1. 

RESULTS: 

Two unrelated females with severe OI were identified carrying homozygous glycine substitutions: COL1A1 
(c.1012G>A; p.Gly338Ser) and COL1A2 (c.1730G>C; p.Gly577Ala). Both presented with OI type III/IV 
features, including multiple low-impact fractures, long-bone deformities, dentinogenesis imperfecta, 
scoliosis, and markedly reduced bone mineral density. The heterozygous parents carrying the COL1A1 
variant were asymptomatic, whereas those carrying the COL1A2 variant had OI type I. 

Analysis of triple-helical-domain glycine substitutions found in unaffected individuals in gnomAD revealed 
41 COL1A1 and 122 COL1A2 heterozygous glycine substitutions. It showed that glycine residues in the N-
terminal region of the COL1A1 triple-ƘŜƭƛȄ ŘƻƳŀƛƴ ŜȄƘƛōƛǘ ƎǊŜŀǘŜǊ ǘƻƭŜǊŀƴŎŜ ǘƻ ǎǳōǎǘƛǘǳǘƛƻƴǎ ό˔ч Ґ уΦстΣ Ǉ Ґ 
0.013) which was not found for COL1A2 (p = 0.376). Most triple-helix-glycine-substitutions involved 
replacement of glycine with amino-acids with small side chains (serine, alanine, cysteine), as seen in our 
cases. 

CONCLUSION: 

We report the first homozygous glycine substitution within the triple-helical domain of COL1A1 associated 
with severe OI, and the sixth described in COL1A2. GnomAD data support the notion that COL1A1 is less 
tolerant to glycine substitutions in the triple helix than COL1A2. This difference is likely explained by the 
ǎǘƻƛŎƘƛƻƳŜǘǊȅ ƻŦ ǘȅǇŜ L ŎƻƭƭŀƎŜƴΣ ƛƴ ǿƘƛŎƘ ǘǿƻ ʰмόLύ ŎƘŀƛƴǎ όŜƴŎƻŘŜŘ ōȅ COL1A1ύ ŀǎǎƻŎƛŀǘŜ ǿƛǘƘ ƻƴŜ ʰнόLύ 
chain (encoded by COL1A2). Consequently, glycine substitutions in COL1A1 are predicted to exert a greater 
destabilizing effect on helix formation than substitutions in COL1A2. 

In summary, glycine substitutions in type I collagen genes are classically dominant and fully penetrant, 
nevertheless some can cause severe OI with autosomal recessive or double-dominant inheritance patterns, 
highlighting the variable expressivity and complexity of type I collagenςrelated disorders. 
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Abstract 

BACKGROUND:  

Arthrogryposis multiplex congenita (AMC) is defined as the presence of joint contractures affecting at 
least two body regions at birth. Three different ERGIC1 variants have been reported in individuals with 

AMC.  

PRESENTING PROBLEM:  

Here, we report on a 16-year-old male with a homozygous ERGIC1 c.250+1G>A variant that was classified 
as a variant of uncertain significance on trio genome analysis. RNA extracted from urine-derived cells 
showed a splice defect of exon 4. This caused a deletion of two base pairs from the end of the exon, 
expected to result in a frameshift and nonsense-mediated decay.  

CLINICAL MANAGEMENT:  

¢ƘŜ ǇǊƻōŀƴŘΩǎ ǇƘŜƴƻǘȅǇŜ ǊŜǎŜƳōƭŜŘ ǘƘŀǘ ƻŦ ǇǊŜǾƛƻǳǎƭȅ ǊŜǇƻǊǘŜŘ ƛƴŘƛǾƛŘǳŀƭǎ ǿƛǘƘ ERGIC1 variants, but 
also included an absent patella and early puberty, which have not been reported in ERGIC1-related 
AMC.  

DISCUSSION: 

This report expands the number of ERGIC1 variants linked to AMC and demonstrates the utility of RNA-
based diagnostic methods.  
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Abstract 

Objectives: Scoliosis is a complex disorder characterized by marked phenotypic heterogeneity and 
an unknown etiology. Several forms of scoliosis, including Adolescent Idiopathic Scoliosis (AIS), 
show evidence of a genetic contribution. Epidemiological studies have highlighted the involvement 
of genetic factors, particularly genes related to ciliary structure and function. The aim of this study 
was to identify diseaseȤassociated variants by performing exome sequencing in affected 
individuals from multigenerational families. 

Methods: FrenchȤCanadian families were selected based on the presence of at least two members 
ŘƛŀƎƴƻǎŜŘ ǿƛǘƘ !L{ ό/ƻōō ŀƴƎƭŜ җмрϲύΦ 9ȄƻƳŜ ǎŜǉǳŜƴŎƛƴƎ ǿŀǎ ǇŜǊŦƻǊƳŜŘ ƻƴ ŀǘ ƭŜŀǎǘ ǘǿƻ ŀŦŦŜŎǘŜŘ 
individuals per family. Variants were filtered using multiple criteria, including minor allele 
frequency, overȤrepresentation relative to controls, and the Gene Damage Index (GDI). Candidate 
variants were validated by Sanger sequencing, and their segregation with the phenotype was 
assessed within each family. To prioritize genes for functional studies, pathogenicity was evaluated 
using inȤsilico prediction tools. Given the established involvement of ciliary pathways in AIS, 
additional analyses were conducted to identify and evaluate variants in ciliary genes. Pathway 
enrichment was carried out using Panther, and ciliary genes were identified using Gene Ontology 
annotations. 

Results: ThirtyȤseven families with either recessive or dominant inheritance patterns were 
analyzed. Exome sequencing yielded over 253,425 variants per family. Filtering, coȤsegregation 
validation, and pathogenicity prediction allowed us to refine the list to seven candidate genes: 
FN1, VLDLR, CA4, GSL2, OGFR, PTGS1, and SIPA1L3. Pathway analysis revealed that 28% of 
identified variants were associated with organelleȤrelated functions, including 17 variants located 
in genes involved in ciliary biology. 

Conclusion: The identified genes are strong candidates for involvement in AIS and may play 
important roles in spine development by influencing bone and cartilage morphogenesis. Our 
findings reinforce the contribution of ciliary pathways to AIS and support the multigenic nature of 
the disorder. A SKATȤO analysis is underway to further examine the combined effects of these 
variants. Functional validation studies will be conducted in vitro using patientȤderived cellular 
models and in vivo using animal models such as zebrafish. Identifying causative genes will 
contribute to a deeper understanding of AIS etiopathogenesis and may ultimately help guide 
targeted therapeutic strategies. 

Supported by Fondation Yves Cotrel- Institut de France 
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Abstract 

OBJECTIVES:  

The metabolic and genetic bone disorders clinic at Shriners Hospital for ChildrenςCanada provides 
multidisciplinary bone health care for children. Although many of these disorders are of genetic origin, the 
clinic traditionally did not include a genetic counsellor. A part-time genetic counsellor joined the team in 
November 2020. Here we quantify the contributions of genetic counselling within the clinic. 

METHODS:  

We evaluated genetic counselling activities in a quaternary pediatric bone health clinic for the years 2021 to 
2025. 

RESULTS:  

The genetic counsellor attended clinic two days per week. Counselling activities varied according to patient 
needs. For patients with suspected genetic conditions, the genetic counsellor obtained detailed medical 
and family histories and delivered comprehensive pre-test counselling, including informed consent (431 
individuals, 250 families). Post-testing, the genetic counsellor communicated genetic test results and 
provided counselling, ensuring consistent follow-up while substantially reducing the workload for 
physicians and nurses (606 individuals, 368 families; post-test counselling was more frequent than pre-test 
counselling, as the counsellor was not present on all clinic days when genetic testing was offered to 
patients). For families with confirmed diagnoses (N = 86 families), the genetic counsellor provided 
education on disease etiology and inheritance, offered preconception counselling including reproductive 
options, and coordinated familial screening. The number of individuals and families who received genetic 
counselling services of any kind increased more than two-fold during the observation interval (Figure) and 
overall represented 38% of patients who were seen in the clinic during the observation period. The relative 
frequency of suspected diagnostic categories of patients who received genetic counselling services were 
osteogenesis imperfecta/bone fragility (35%), skeletal dysplasia (29%), connective tissue disorders (20%), 
mineralization defects (9%) and other (7%). 

CONCLUSIONS:  

Genetic testing is an increasingly important aspect of pediatric bone health clinics. Integrating a genetic 
counsellor into a multidisciplinary pediatric bone health clinic streamlined genetic testing processes, 
improved interpretation and communication of results, and enhanced family-centred care by addressing a 
previously unmet need for dedicated genetic counselling within the care team. 
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Abstract 

Background: 

Papillary thyroid carcinoma (PTC) is uncommon in childhood, although it is the most frequent thyroid malignancy 
in this age group. Although PTC has been reported in adults with CDC73 mutations, there are no previous reports 

of this occurring in children. 

Presenting Problem: 

An asymptomatic 15-year-old male under surveillance for unilateral pelvi-ureteric junction obstruction was 
found to have persistent hypercalcaemia and primary hyperparathyroidism. 

 
 

Investigations: 

Adjusted Ca 3.08 mmol/L (2.15-2.74) 

PTH 26.4 pmol/L (1.1-6.9) 

Urine calcium:creatinine ratio 1.13 mmol/mmol (<0.60) 

USS neck & Tc-99m 
sestamibi 

Localized parathyroid adenoma 

Familial hyperparathyroidism 
gene panel 

Heterozygous pathogenic CDC73 variant 

Jaw X-ray Normal 

Family Genetic Panel Negative 

 
 

Tumour panel testing of thyroid identified the germ line pathogenic CDC73 mutation; but a second somatic 

Ƴǳǘŀǘƛƻƴ ǿŀǎƴΩǘ ƛŘŜƴǘƛŦƛŜŘΦ ! ǇŀǊŀǘƘȅǊƻƛŘ ŀŘŜƴƻƳŀ ƎŜƴŜ ǇŀƴŜƭ ƛǎ ŀǿŀƛǘŜŘΦ 
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Clinical Management: 

He underwent a right sided neck exploration for parathyroid adenoma excision. Due to central neck 
lymphadenopathy and his genetic risk, a right hemithyroidectomy and central neck dissection was also 
performed. Histology confirmed a right parathyroid adenoma with metastatic PTC in the lymph nodes. The 

patient subsequently underwent completion of thyroidectomy which demonstrated multiple microscopic foci 
of PTC throughout the specimen.He then received radioiodine therapy. Postoperatively, he recovered 

well and is on replacement medications. 

 
Discussion: 

PTC accounts for 90% of childhood thyroid cancers. Associated gene mutations include RET, BRAF, RAS, NTRK, 

DICER1, TP53, and PTEN. 

CDC73 mutations are autosomal dominant, at times arising de novo as in our patient. CDC73 related disorders 
include HPT-JT syndrome, familial isolated hyperparathyroidism (FIHP), and parathyroid carcinoma. Presentation 
often occurs in late adolescence or early adulthood with a single parathyroid adenoma. This condition 
predisposes to tumours in various sites including the jaw bones, kidneys, uterus and ovaries. Our case offers a 
rare and valuable insight into the potential role of CDC73 mutations in paediatric thyroid cancer. 

Although there are no established national guidelines for management of patients with CDC73 mutations, 
studies recommend offering genetic testing to parents and first-degree relatives and regular biochemical and 

radiological screening to the affected members. 

The presence of  PTC raises the question of whether this represents a coincidental finding or 
reflects a broader tumour predisposition related to CDC73 dysfunction. There may be a second 
somatic CDC73 variant that remained undetected by the screening protocol used. 
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Abstract 

Background:  
FBN1 όhaLa моптфтύ ŜƴŎƻŘŜǎ ŦƛōǊƛƭƭƛƴ-1, an extracellular matrix glycoprotein essential for 
microfibril structure and tissue elasticity in cardiovascular, skeletal, ocular, and dermal tissues. 
Pathogenic variants cause a spectrum of connective tissue disorders known as fibrillinopathies. 
While Marfan syndrome (MFS) is classically associated with tall stature, joint laxity, ectopia lentis, 
and progressive aortic dilation, other FBN1-ǊŜƭŀǘŜŘ ŘƛǎƻǊŘŜǊǎ ǎǳŎƘ ŀǎ ²ŜƛƭƭςMarchesani syndrome 
(WMS; OMIM608328) present with nearly opposite features including short stature, brachydactyly, 

joint stiffness, and microspherophakia. Stiff skin syndrome (SSS; OMIM184900)represents another 
rare FBN1 phenotype characterized by skin thickening and induration with progressive joint contractures. 
Both WMS and SSS are exceptionally rare, each reported in only a small number of families worldwide, with 

true prevalence unknown but estimated to be around or below 1 per million.  

Presenting Problem:  
A 5-year-old boy presented with motor delay, hip and elbow contractures, macrocephaly (>97th 
percentile), plagiocephaly, micrognathia, myopia, microspherophakia, eczema, asthma, and recurrent otitis 
media. Echocardiography showed mild mitral regurgitation without aortic root dilation. His mother had 
short stature, brachydactyly, joint stiffness, microspherophakia, and thick, indurated skin of the hands with 
flexion contractures, without aortic enlargement. These findings suggested overlapping WMS and SSKS 

phenotypes. There was no family history of Marfan syndrome.  

Clinical Management:  
Copy number variant analysis identified ŀ ƘŜǘŜǊƻȊȅƎƻǳǎ нлΦо ƪōFBN1deletion encompassing exons 10ς15, 
resulting in in-frame loss of 282 amino acids. This variant is absent from population databases and has not 
been previously reported. Maternal testing confirmed inheritance. The variant was classified as likely 
pathogenic. Both patients are undergoing multidisciplinary surveillance including cardiology, 
ophthalmology, orthopedics, dermatology, and genetics follow-up, with counseling regarding autosomal 
dominant inheritance and variable expressivity.  

Discussion:  
This family demonstrates striking intrafamilial variability within the acromelic and cutaneous spectrum of 
FBN1-ǊŜƭŀǘŜŘ ŘƛǎŜŀǎŜΣ ŎƻƳōƛƴƛƴƎ ŦŜŀǘǳǊŜǎ ƻŦ ²a{ όǎƘƻǊǘ ǎǘŀǘǳǊŜΣ 

brachydactyly, microspherophakia)andSSS (skin induration, joint contractures). Recognition of these 
ōƭŜƴŘŜŘΣ άƻǇǇƻǎƛǘŜέ fibrillinopathy presentations broadens the phenotypic spectrum beyond 
classic MFS and is essential for accurate diagnosis, anticipatory guidance, and surveillance.  
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Abstract 

Background  

Early-onset scoliosis (EOS) is often idiopathic but may be related to connective tissue and bone disorders, as 
well as neurological and muscular disorders. Given its marked etiological heterogeneity, careful evaluation 
of family history, dysmorphic features, growth failure or acceleration and developmental delay is essential. 
We present three cases of EOS where specific clinical features guided the identification of distinct 
underlying genetic diagnoses. 

Presenting problem 

Case 1 concerned a 10-month-old girl referred for scoliosis, first noted when she began sitting 
independently at 7 months. Pregnancy and delivery were uneventful, and there was no family history of 
scoliosis. She showed mild motor delay and tall stature (+3.1 SDS). Clinical examination revealed right-sided 
thoracolumbar scoliosis and dysmorphic features, including arachnodactyly, abnormal pinnae, and pectus 
carinatum; similar features were observed in her mother and older sister. Full-spine radiography confirmed 
mild dextroconvex thoracolumbar scoliosis (Cobb angle 14°) as well as ovoid vertebral bodies. A skeletal 
dysplasia gene panel identified a heterozygous class 4 variant p.(Cys1384Tyr) in FBN2, maternally inherited, 
consistent with congenital contractural arachnodactyly (Beals syndrome). Case 2 involved a 2-year-7-
month-ƻƭŘ ōƻȅ ǿƛǘƘ ŘŜƭŀȅŜŘ ƳƻǘƻǊ ŘŜǾŜƭƻǇƳŜƴǘ ŀƴŘ ǊŀǘƘŜǊ ǎƘƻǊǘ ǎǘŀǘǳǊŜ όҍмΦс {5{ύΦ /ƭƛƴƛŎŀƭ ŜȄŀƳƛƴŀǘƛƻƴ 
showed thoracic kyphosis without other dysmorphic features. Imaging revealed vertebral anomalies at L1ς
L2 and lumbosacral spina bifida occulta. His father had scoliosis and marked short adult stature. Genetic 
testing identified a heterozygous class 4 variant p.(Cys123Tyr) in FN1, also present in the father, consistent 
with spondylometaphyseal dysplasia, corner fracture type. Case 3 was a 1-year-7-month-old boy with global 
developmental delay, severe bilateral foot paresis, and absent Achilles reflexes. Family history was negative 
for neuropathy and scoliosis. Clinical and radiographic evaluation showed moderate thoracolumbar 
scoliosis (Cobb angle 28.7°) and pectus excavatum. A neuromuscular gene panel revealed compound 
heterozygous class 5 variants p.(Cys496*) and p.(Arg790*) in IGHMBP2, consistent with CharcotςMarieς
Tooth disease type 2. 

Discussion 

A multidisciplinary approach involving pediatric orthopedics, neurology, endocrinology, and clinical genetics 
is crucial in EOS to ensure accurate diagnosis, which is needed for prognostic evaluation and optimal 
management. 
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Abstract 

Objectives 

Autosomal dominant hypocalcaemia type 1(ADH1) is a rare disorder of calcium homeostasis caused by 
activating variants in the calcium-sensing receptor gene. Conventional therapy with alfacalcidol and calcium 
often fails to maintain normocalcaemia in severe disease. Continuous subcutaneous parathyroid hormone 
(1-34) infusion(CSPI) offers an alternative, though long-term outcomes remain unclear. We previously 
published outcomes from the first 3.2±0.6 years of treatment. This study presents extended follow-up in 
one adult and four children treated with CSPI at a single centre. 

Methods 

Data were collected from five patients with ADH1 receiving CSPI as routine care for 6.8-9.7 years. Children 
started CSPI at 1-10 months of age. Most patients also received magnesium and vitamin D 
supplementation. Monitoring included blood tests 2ς3 weekly and clinic review 4ς6 monthly. Outcomes 
assessed were serum calcium, phosphate, magnesium, renal function, urinary calcium, seizures, admissions, 
ƎǊƻǿǘƘΣ ōƻƴŜ ƳƛƴŜǊŀƭ ŘŜƴǎƛǘȅΣ ŀƴŘ ƴŜǇƘǊƻŎŀƭŎƛƴƻǎƛǎ ƻǾŜǊ ŀ ƳŜŀƴ уΦфҕмΦн ȅŜŀǊǎ ό5ŜŎŜƳōŜǊ нлму-December 
2024). 

Results 

Mean adjusted calcium remained within or near target in all patients, although intermittent hypo- and 
hypercalcaemia occurred. Phosphate was often elevated in paediatric patients. 24-hour urinary calcium 
excretion was normal in all cases. Creatinine was mildly elevated in three patients, likely secondary to 
polyuria and inadequate fluid intake (Table 1). Admissions for calcium disturbances were infrequent, and 
hypocalcaemic seizures occurred once in two patients. PTH dose requirements varied between and within 
patients, with most recent doses ranging 0.28-0.68 mcg/kg/day. 

Growth and neurodevelopment were normal in children, whereas the adult who started treatment in 
adulthood was short and suffered from anxiety. Bone mineral apparent density remained within the age-
adjusted reference range. Nephrocalcinosis remained stable in four patients and mildly progressed in one, 
without significant renal impairment. Treatment emergent adverse events included autoimmune 
hypothyroidism(P1), gastrointestinal symptoms(P2), anxiety/depression(P3), central precocious puberty 
and enamel defects(P5). It is difficult to determine whether these were related to CSPI, CASR activation, or 
coincidental comorbidity. 

Conclusions 

CSPI was effective and well tolerated long-term, providing sustained biochemical control without severe 
adverse effects. It represents a viable option for severe ADH1 refractory to conventional therapy, though 
ongoing bone density monitoring is recommended. 
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 P1 P2 P3 P4 P5 

Sex Female Male Female Male Female 

Age at start of CSPI 5 wk 10 mo 22 yr 7 wk 11 wk 

Current age 9 years 10 years 31 years 10 years 7 years 

CASR variant F821L T828N T828N Y829C A843E 

Urea (NR 2.5-6.5 
mmol/L) 

5.4 (4.4) 
n=47 

4.2 (0.6) 
n=11 

5.2 (1.5) 
n=65 

4.0 (1.1) 
n=15 

5.1 (1.6) 
n=216 

Creatinine (umol/L) 

32.9 (4.7) 
n=46 

96% in NR 

48.6 (5.1) 
n=11 

0% in NR 

93.5 (6.8) 
n=65 

7.7% in NR 

37.0 (5.1) 
n=47 

93.6% in NR 

38.3 (5.9) 
n=216 

17.8% in NR 

Adjusted Calcium 
(TR 1.8-2.5 mmol/L) 

2.13 (0.35) 
n=288 

2.13 (0.31) 
n=181 

1.91 (0.28) 
n= 80 

2.15 (0.19) 
n=70 

2.14 (0.24) 
n=241 

Phosphate 

(NR 0.9-1.8 mmol/L) 

1.82 (0.31) 
n=286 

2.12 (0.32) 
n=158 

1.29 (0.2) 
n=22 

2.08 (0.18) 
n= 59 

2.04 (0.27) 
n=240 

Magnesium (NR 0.7-
1 mmol/L) 

0.71 (0.06) 
n=36 

0.69 (0.07) 
n=13 

0.65 (0.11) 
n=38 

0.74 (0.03) 
n=61 

0.62 (0.17) n= 
174 

Osmolality Serum 
(NR 275-295 
mmol/kg) 

289.4 (5.1) 
n=12 

288.7 (3.4) 
n=10 

 
287.8 (5.1) 

n=9 

288.8 (5.1) 
n=31 

Serum Aldosterone 
(NR 250-950 pmol/L 

upright) 

660.6 
(289.4) n=10 

1111.6 (347) 
n=8 

 
340 (145.1) 

n=6 

615 (314.7) n= 
22 

Renin Activity 
(nmol/L/h) 

3.6 (1.6) 
n=11 

2.2 (1.1) n=9 
 

3.1 (1.5) n=6 
2.4 (1.0), n=17 

Adjusted Calcium 
Phosphate Product 
mmol2/L2 (NR<5) 

3.8 (0.6) 
n=286 

4.5 (0.5) 
n=158 

2.4 (0.4) 
n=22 

4.4 (0.7) 
n=59 

4.3 (0.6) 
n=239 

Urine Calcium: 
Creatinine Ratio 

(NR<0.7) 

1.2 (0.7) 
n=41 

0.8 (0.3) 
n=10 

0.5 (0.2) n=6 
0.5 (0.2) 

n=11 

0.5 (0.3) n=10 

24hr(U)Ca 4.8 (0.9) n= 2.2 (0.7) n=3 2.8 (0.9) n=2 1.7 (0.8) n=4 1.5 (n=1) 
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(NR<7.5 mmol/d) 6 

Data presented in mean (SD) n=number of measurements. NR= normal range, TR=target range 

NR creatinine: 45-84 (adult), 29-56 (>10yo), 30-47 (8-10 yo), 25-42 (6-8yo), 23-37 (4-6 yo), 15-31 (2-4yo), 
14-34 (<2yo) umol/L 

NR renin activity: <8nmol/L/hr (1-6years), 0.5-3.5nmol/L/hr (>8years) 
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Abstract 

OBJECTIVES: 

 BMN 333 is an investigational, fully biodegradable treatment designed to extend exposure to vosoritide, its 
active moiety. This study evaluated the effects of weekly BMN 333 administration on bone growth in 
juvenile cynomolgus monkeys and compared growth outcomes with those previously observed following 
daily vosoritide dosing in the same model and treatment duration. Juvenile cynomolgus monkeys represent 
a rapidly growing model, providing a stringent context in which to assess growth effects of CNPςbased 
therapies. 

METHODS: 

 Male and female 2-year-old cynomolgus monkeys (n=52) received subcutaneous vehicle or BMN 333 (75, 
200, or 350 µg/kg once weekly [QW]) for 26 weeks. Tibial and femoral lengths were measured 
radiographically at baseline and during treatment. Annualized growth rates were calculated from baseline 
to Week 24. Bone microarchitecture and growth plate morphology were assessed using computed 
tomography and histomorphometry. Growth outcomes were compared with historical data from a 26-week 
study of daily vosoritide (90 or 300 µg/kg/day) in age-matched cynomolgus monkeys. 

RESULTS: 

BMN 333 produced dose-dependent increases in longitudinal bone growth. Tibial and femoral length 
ƛƴŎǊŜŀǎŜŘ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ŀǘ орл ҡƎκƪƎ v² ƛƴ ōƻǘƘ ǎŜȄŜǎΣ ǿƘƛƭŜ ŦŜƳƻǊŀƭ ƭŜƴƎǘƘ ƛƴŎǊŜŀǎŜŘ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ŀǘ җ нлл 
µg/kg QW in females. Annualized growth rates for both bones were also significantly increased at the 
highest dose in both sexes. These increases were associated with transient widening of the growth plate 
and increases in metaphyseal bone area consistent with enhanced endochondral ossification. There were 
no adverse effects observed at any dose. 

Despite lower weekly vosoritide exposure with BMN 333 compared with daily vosoritide administration, 
BMN 333 at 350 µg/kg QW achieved tibial growth comparable to that produced with 90 µg/kg/day 
vosoritide and femoral growth that was similar to or exceeded results observed with 300 µg/kg/day 
vosoritide over the same 26-week treatment period in this model. 

CONCLUSIONS:  

Weekly BMN 333 administration for 26 weeks resulted in sustained, dose-dependent increases in 
endochondral bone growth in juvenile monkeys. Growth achieved with BMN 333 was comparable to or 
exceeded results observed with higher daily doses of vosoritide without adverse effects or apparent 
saturation of the growth effect with sustained CNP exposure. 
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All authors are employees of and shareholders of BioMarin Pharmaceutical Inc. 
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Abstract 

Objectives: 
  To evaluate the utility of bisphosphonate treatment in halting disease progression and improving 
long-term outcomes in patients with steroid-induced avascular necrosis (AVN) following treatment 
for acute lymphoblastic leukemia (ALL). 

Methodology: ¢Ƙƛǎ ǊŜǘǊƻǎǇŜŎǘƛǾŜ ǎǘǳŘȅ ƻŦ ![[ ǎǳǊǾƛǾƻǊǎ ǘǊŜŀǘŜŘ ŀǘ ǘƘŜ wƻȅŀƭ /ƘƛƭŘǊŜƴΩǎ IƻǎǇƛǘŀƭΣ 
Melbourne, was conducted after obtaining institutional ethical approval. Data was obtained from hospital 
records. Those who developed steroid-induced AVN, treated with bisphosphonates, were identified. Clinical 
characteristics, extent of joint involvement, duration of bisphosphonate treatment and long term outcomes 
were assessed. Pain was assessed retrospectively by its impact on activities of daily living (ADL) at first visit 

and at the end of treatment and graded using a pre-specified four-point ordinal scale. [1]as follows: 
 0 = no limitation, 1 = limitation of sports only, 2 = limitation of school routine/need to avoid stairs 
or prolonged walking, 3 = limitation of basic ADL and/or requirement for mobility aid. 

Results: Of the twenty ALL survivors with AVN (12 females) treated with bisphosphonates, all but 2 
(who relapsed and expired before completion of treatment) were included. Multiple subchondral 
osteonecrosis was observed in all but three patients. Sixteen patients received zoledronic acid 
(0.05 mg/kg/dose, administered six-monthly) for 2 years, while two received pamidronate (1 
mg/kg/dose, administered three-monthly) for 4 years.Click or tap here to enter text.Mean follow-up 
duration was 5.3 years. Apart from typical acute-phase reactions following the first dose, no major 
adverse effects were observed. Pain assessment was available for 15/18.[1] [2]  

Following initiation of bisphosphonate, necrotic changes in affected subchondral regions remained 
largely radiologically stable, with AVN progression in only two patients and confined to only one 
subchondral region. Nine of 15 reported no limitation of movement or activities (fall in ADL score 
from 3/2 to 0), 5 reported reduction in pain to solely limitation in sporting activity and minimal 
analgesic use (fall in ADL score from 3/2 to 1). Of five patients requiring single joint replacement, 
three had joint collapse and structural distortion at initial presentation. 

Conclusion: Bisphosphonate treatment for AVN in ALL survivors was associated with sustained pain 
control, improved functional activities, stabilization of  radiological changes and reduced need for major 
orthopedic interventions during follow-up.[2] 
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Table 1- Characteristics of ALL survivors affected with acute vascular necrosis (AVN) 

Sr. 
No 

Sex Joints 
involved 

Number 
of joints 
involved 

Orthopedic 
intervention 

Limitation 
of activity 
at initial 
visit 

Limitation 
of activity 
at the 
end of 
treatment 

1 M Both knees 
and hips 

4 No 2 0 

2 M Both hips 2 No 2 0 

3 M Left ankle 1 No 2 0 

4 M Left hip 1 No 2 1 

5 F Both 
shoulders, 
hips, knees 
and left ankle 

7 Right hip 
replacement 
and shoulder 
drilling 

NA NA 

6 F Both ankles 2 No 2 0 

7 F Both knees 2 No 2 0 

8 F both knees, 
hips, 
shoulders 

6 Right THR 2 1 

9 M Both hips and 
knees 

4 Left hip 
replacement 
in 2019 

3 2 

10 F Both hips, left 
knee, left 

ankle 

4 Needs 
orthotics for 

ankles 

3 1 

11 M Both hips 2 No 2 0 

12 F Both ankles 2 Right THR 3 1 

13 F Both 
shoulders, 
both hips, left 
knee 

5 No 2 1 
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14 M Both hips 2 No 3 0 

15 F Both knees 2 No 2 0 

16 F Both hips and 
knees 

4 No NA NA 

17 F Both hips, 
both knees, 
right ankle 

5 Right THR NA NA 

18 F Both hips, 
knees and 
ankles 

6 No 2 0 
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Abstract 

OBJECTIVES: Achondroplasia is a skeletal dysplasia that impairs endochondral bone growth. Vosoritide, 
a C-type natriuretic peptide analog that stimulates bone growth, is the first approved precision therapy 
for children with achondroplasia. Previously, we demonstrated that long-term vosoritide treatment in 
children with achondroplasia was associated with increased radial and tibial bone growth parameters 
using peripheral quantitative computed tomography (pQCT). However, lack of a control arm limited 
the ability to differentiate changes in bone parameters due to expected growth from treatment effect. 
Here, we compare our pQCT radius and tibia parameter results to published age- and sex-stratified 
reference curves from an average-stature population (Jaworski M, et al. 2018 and 2021). 

  

METHODS: ¢ƘƛǊǘȅ ǇŀǊǘƛŎƛǇŀƴǘǎ όмо ƳŀƭŜǎΣ мт ŦŜƳŀƭŜǎύΣ ŀƎŜŘ җр ǘƻ ғмр ȅŜŀǊǎΣ ǿƘƻ ŎƻƳǇƭŜǘŜŘ ǳǇ ǘƻ мл 
years of vosoritide treatment in the phase 2 dose-escalation (CANOPY ACH-2, NCT02055157) and 
extension (CANOPY ACH-EXT, NCT02724228) studies were included. pQCT scans were acquired at least 
annually with whole-body clinical CT scanners. At baseline, distal and proximal volumes of interest 
(VOIs) were positioned in the radius and tibia. To account for growth during follow-up, affine 
registration based on bone length changes was applied. For each VOI, bone mineral density (BMD) of 
the integral, trabecular, and cortical compartments was determined, and individual participant data 
were plotted against average-stature references. 

  

RESULTS: Participants receiving long-term vosoritide showed longitudinal increases from baseline in BMD 
and geometrical parameters. Key pQCT parameters, such as integral and trabecular BMD, increased with 
age for most participants (Figure). Due to different anatomical positions of the VOIs analyzed in this study 
compared with those used for the reference population, absolute BMD values could not be directly 
compared; however, increases were largely comparable to the age-related trends observed in the reference 
population.  

  

CONCLUSIONS: We demonstrate that the increase in BMD with age in children with vosoritide-treated 
achondroplasia mostly followed the same trend as the average-stature population, implying similar 
trajectories. Along with the increase in bone length (data not shown), this study is the first to demonstrate 
sustainable endochondral bone growth over time via pQCT for children with achondroplasia receiving 
vosoritide. 
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Abstract 

OBJECTIVES: Boys with DMD on standard of care glucocorticoids (SoC-GC) have high vertebral fracture (VF) 
risk and bone age delay. Indirect comparison of VF and bone age delay in DMD boys after long-term 
treatment with vamorolone vs SoC-GC. 

METHODS: Baseline data from 37 patients enrolled in GUARDIAN were used for propensity score matching 
with a SoC-GC cohort (N=60), previously published (Phung K & Ward LM. Osteoporosis Int. 2023 Jan; mostly 
on daily deflazacort). VF were evaluated on lateral spine x-rays according to the Genant semi-quantitative 
methodology, the Spinal Deformity Index (SDI) was calculated (sum of the Genant grades), and bone age 
was evaluated by BoneXpertϰ on hand X-rays. 

RESULTS: At the time of the X-rays, mean ±SD ages in vamorolone (N=37) and matched GC (N=31) cohorts 
were 10.9±1.25 and 11.7±1.53 years. Mean drug exposure was 5.2±0.95 years for vamorolone (190.6 
patient-years) vs 5.4±2.06 years on SoC-GC (167.5 patient-years). Mean doses at the time of X-ray were 
4.89±1.28 mg/kg/day and 0.65±0.21 mg/kg/day for vamorolone and deflazacort respectively. 3/37 (8.1%) 
patients had 9 VF on vamorolone vs 13/31 (41.9%) with 30 VF on SoC-GC (Odds Ratio (95%CI) 0.1296 
(0.02903, 0.5789), p=0.0082). The mean SDI for subjects with and without VF was lower on vamorolone vs 
SoC-GC (0.32 vs 1.06). In vamorolone cohort, the 3 patients with VF had SDI scores of 1, 3 and 8. In SoC-GC 
cohort, among the 13 patients with VF, 7 had SDI of 1, while the remaining patients had SDIs of 3, 4 (n=3), 5 
and 6. Mean bone age delay was 0.8±1.5 years on vamorolone vs 1.6±1.6 years on SoC-GC. 

CONCLUSIONS: The prevalence of VF was significantly lower with vamorolone compared to SoC-GC after ~5 
years of exposure. Patients on vamorolone should continue to be monitored for VF. 
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Abstract 

OBJECTIVES: Achondroplasia is a skeletal dysplasia caused by excess FGFR3 signaling. Vosoritide, a 
recombinant CNP analog, is approved to treat achondroplasia by counteracting excess FGFR3 signaling to 
stimulate endochondral bone growth. BMN 333 is an investigational, fully biodegradable treatment 
designed to extend exposure to vosoritide, its active moiety. Preclinically, BMN 333 demonstrated 
sustained vosoritide release, minimized hemodynamic effects, and enabled higher CNP exposure to 
promote skeletal growth. In healthy adults, BMN 333 was well-tolerated with no dose-limiting toxicities 
identified; sustained exposure to released vosoritide and associated pharmacodynamic target engagement 
responses were observed. We present here the BMN 333 clinical development program. 

METHODS: Phase 1 evaluated BMN 333 safety and pharmacokinetics in healthy adults (Figure). ASPEN is an 
active-controlled, operationally seamless phase 2/3 study of BMN 333 in treatment-naïve children with 
achondroplasia and the first head-to-head superiority trial against vosoritide (Figure). The phase 2 part will 
evaluate once-weekly doses of BMN 333 (150, 250, 350 µg/kg) vs once-daily vosoritide (1:1:1:1-
ǊŀƴŘƻƳƛȊŜŘύ ŦƻǊ рн ǿŜŜƪǎ ƛƴ ŎƘƛƭŘǊŜƴ ŀƎŜŘ җн ǘƻ ғмм ȅŜŀǊǎΦ !ƴ ƛƴǘŜǊƛƳ ŀƴŀƭȅǎƛǎ ƻŦ ǇƘŀǎŜ н ǇǊŜƭƛƳƛƴŀǊȅ 
safety, pharmacokinetics, and efficacy, which may be augmented with historical vosoritide trial data, will 
inform phase 3 dose selection and continuation. The phase 3 part will examine superiority of BMN 333 vs 
ǾƻǎƻǊƛǘƛŘŜ ŦƻǊ ƛƳǇǊƻǾƛƴƎ ƎǊƻǿǘƘ ƛƴ ŎƘƛƭŘǊŜƴ ŀƎŜŘ җн ǘƻ ғму ȅŜŀǊǎ receiving once-weekly BMN 333 or once-
daily vosoritide (1:1-randomized) for 52 weeks. 

RESULTS: In phase 1, BMN 333 demonstrated linear pharmacokinetics, with dose-proportional increases in 
ǎȅǎǘŜƳƛŎ ŜȄǇƻǎǳǊŜΦ tƘŀǎŜ н ŘƻǎƛƴƎ ǿŀǎ ǘƘŜǊŜŦƻǊŜ ǎŜƭŜŎǘŜŘ ŀǎ мрл ˃ƎκƪƎ ǘƻ ƳŀǘŎƘ ŀƴŘ нрлκорл ˃Ǝ/kg to 
exceed vosoritide efficacy. The phase 3 primary endpoint is week-52 annualized growth velocity; key 
secondary endpoints are week-52 change from baseline in standing height, height Z-score, and upper-to-
lower body ratio. Novel, data-rich digital health technology-based endpoints will objectively evaluate 
functional benefits. ASPEN was submitted for regulatory approval in late 2025, and phase 2 recruitment is 
planned for early 2026. 

CONCLUSIONS: BMN 333 is designed to advance the therapeutic approach established with vosoritide. 
ASPEN will evaluate BMN 333 safety, efficacy, and superiority vs vosoritide for improving growth in children 
with achondroplasia. 
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