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Abstract

Background Osteogenesis imperfecta (OI) in adults is associated with increased fracture risk and extra-skeletal
complications. Clinical assessment and management of adults living with severe OI is complicated by the fact
that the disease is rare; involvement of both musculoskeletal and extra-musculoskeletal systems; challenges
associated with paediatric-to-adult transition and rarely, misdiagnosis of other bone disorders with similar clini-
cal presentation, such as hypophosphatasia. Management of patients with severe OI (usually Sillence type III and
IV) requires continuous inter-specialty collaboration and frequent regional specialist input, placing significant
burdens on both clinicians and patients. The aim of this best practice guidance is to inform patients, their families,
carers, generalist and specialist health professionals, and multidisciplinary clinical teams in the NHS, regarding
the best practice of care for adults living with severe OI.

Methods A multi-disciplinary working group of clinicians, researchers, and patient advocates developed UK-
best clinical practice guidelines for the diagnosis and management of adults with severe OI using a consensus-
based approach. Given the lack of robust evidence to inform current care, these guidelines were written based
on a review of the current literature, clinical expertise of the authors who have extensive experience managing
patients with severe OI, and ongoing input from patients with lived experience.

Results The guideline is divided into (1) Diagnosis — radiology, laboratory and genetic investigations; (2) Assess-
ment — general wellbeing, musculoskeletal (fracture history, falls, mobility, pain, spine, physiotherapy and occu-
pational therapist), extra-skeletal (dental, hearing, ophthalmic, cardiovascular, respiratory, gastrointestinal, mental
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health, women’s health) and radiological assessment considerations; (3) Management — multidisciplinary coor-
dination, transition, condition awareness, lifestyle, bone strength, physiotherapy and occupational therapy, pain,
orthopaedic, scoliosis, dental, hearing, mental health, women’s health general and specific measures, and moni-
toring. Checklists for clinicians and individuals with severe Ol were developed based on the recommendations.
Conclusions These guidelines should inform benchmarking of care for adults with severe OI and the develop-
ment of new services, improvement of existing services, as well as highlighting service gaps for clinical and
research communities.

Clinical trial number Not applicable.

Keywords Osteogenesis imperfecta - Osteogenesis imperfecta type 3 - Patient co-production - Best Practice
recommendations

Introduction

Osteogenesis Imperfecta (OI), or brittle bone disease, is a rare hereditary disorder that predisposes patients
to bone fragility and various extra-skeletal abnormalities [1]. An expanding spectrum of OI types have
emerged, highlighting the heterogenous nature of the condition [2, 3]. Type III OI is the most severe form
of the condition seen in patients surviving the neonatal period and is seen in 1-2/100,000 individuals [4].
Ol type III is mostly, but not exclusively, caused by autosomal dominant glycine substitution mutation(s) in
COLIAI or COLIA2 genes, coding for the alpha chain of type 1 collagen chains [5].

Although Ol is typically diagnosed in childhood, adults develop a number of complications and have a shorter
life expectancy due to skeletal and non-skeletal causes [6]. The manifestation of both musculoskeletal and extra-
musculoskeletal systems requires continuous inter-disciplinary collaboration with expert specialist input. These
requirements place significant burdens on both clinicians, patients and caregivers alike. To date, research into OI
has primarily focused on the paediatric population, particularly in relation to type I OI [7]. There is a paucity of
high-quality evidence regarding diagnosis and management of severe OI. This was highlighted by a combined
patient and clinical research prioritisation that highlighted the lack of evidence related to aging effects in rare
musculoskeletal disorders [8].

The aim of this best clinical practice guideline for the diagnosis and management of adults with severe Ol is to
provide standardized guidance for multidisciplinary clinical teams in the National Health Service (NHS), inform-
ing benchmarking of high-quality patient-centred care and our understanding of the natural history of impact of
severe Ol in adults to inform future guidance.

Methods

The guidelines were co-developed by clinical experts in the management of adults with severe OI, including
type 111, and patient/ caregivers with lived experience of severe Ol. Healthcare professionals were drawn from
the Medical Advisory Board (MAB) of the Brittle Bone Society (BBS) initially with experts invited to comment
on specific clinical areas where expertise was required. Six individuals with lived experience (Patient and Pub-
lic Involvement (PPI) working group) were recruited through the BBS board of Trustees and patient/ caregiver
membership. At an initial kick-off meeting with the clinical experts and the PPI working group, the outline for the
rationale, scope and proposed project milestones was drafted. The clinical experts drafted the sections for diag-
nosis, assessment management and monitoring based on a previous guideline for a rare bone disease [9]. The PPI
group met independently to review and add to the sections. Their input led to a greater emphasis on quality of life
and the emotional social and employment aspects of living with severe OI for both assessment and management
sections. The clinical experts identified lead authors for each of the subsections, seeking out expertise in areas that
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were underrepresented by the clinical expert group (Supplementary Table 1). A project management team then
amalgamated all the comments from the clinical experts and the PPI group into a single working draft that was
then presented at successive BBS MAB meetings for clinical feedback. To ensure adequate patient and caregiver
feedback, the guidance was presented at the 2023 annual BBS family Conference and concurrently posted on the
BBS website for 8 weeks for online responses from the wider membership. These comments were then used to
finalise the guidance with final approval from the BBS MAB.

Results
Diagnosis

The diagnosis of severe Ol is invariably made in childhood and is based on clinical and radiological findings.
Clinically, OI type III commonly presents with fractures starting from the in-utero period, followed by delays
in post-natal growth and motor development. Additional investigations, particularly molecular analysis, are an
increasingly common practice, not only to provide further diagnostic clarity, but also to allow genotypic charac-
terisation, and to guide genetic counselling. Few diseases mimic severe OI, and these can be distinguished based
on specific clinical features (Table 1).

Radiological characterisation

Although diagnosis and initial radiographic assessment of severe O commonly occurs in early childhood, adult
patients should undergo radiographic imaging to look for deformities of the skull base and spine both at baseline
and when clinically indicated. General radiographic features may include osteopenia, slender bones, bowing,
particularly of lower limb long bones, and popcorn calcifications involving metaphysis and epiphysis. Around
a quarter of Ol-related fractures occur during adulthood. In ambulatory adults, fractures typically occur of the
vertebral bodies, the hip, and feet [10]. Post-fracture malunion is common, often leading to angular deformi-
ties. Other site-specific abnormalities seen on imaging include spinal deformity (kyphosis and scoliosis), pectus
carinatum, pectus excavatum, skull abnormalities including numerous Wormian bones; basilar impression, basi-
lar impression and platybasia; and abnormal pelvic anatomy, especially coxa vara and protrusio acetabuli [11].
Cranio-cervical abnormalities are often not present at diagnosis and should be assessed through magnetic reso-
nance (MR) imaging of the cranio-cervical junction at baseline. Cranial MRI should also include assessment for
ventriculomegaly suggestive of communicating hydrocephalus and tonsillar herniation [12, 13].

It is important to distinguish between basilar impression and basilar invagination, terms that are frequently used
interchangeably in the OI literature but which describe pathomechanically distinct entities. Basilar invagination
is a primary (congenital) developmental anomaly of the craniovertebral junction in which the odontoid process
prolapses through the foramen magnum, often associated with atlantoaxial malformation. Basilar impression, in

Table 1 Potential mimics of  Disorder Distinguishing features as adults

severe OI and their distin- Achondroplasia Low fracture frequency
guishing features

Hypophosphatasia Low ALP
Early dental loss
Pycnodysostosis Acro-osteolysis
Low fracture frequency
Classic Ehlers Danlos Syndrome Stature is relatively preserved
Low fracture frequency
Ellis-van-Creveld Syndrome Short limbs with truncal sparing and polydactyly. 50% cardiac
septal defect
Diastrophic dysplasia Short limbs with joint pain and contractures, hitchhiker thumbs
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contrast, is an acquired condition resulting from softening of the skull base bones. Over time, these weakened
structures gradually deform under normal gravitational loading, with the margins of the foramen magnum and cli-
vus folding inwards around the upper cervical spine. This leads to a relative upward displacement of the odontoid
process. In OI, the mechanism is secondary basilar impression, where the skull deforms around the spine rather
than the spine moving upwards into the skull. This distinction has potential implications for surgical planning, as
the primary pathology lies in the skull base rather than the atlantoaxial complex [14—17] The progressive nature
of basilar impression in Ol is driven by cumulative gravitational loading on abnormally soft bone, often accelerat-
ing during the adolescent growth spurt and continuing into adulthood. This highlights the importance of ongoing
surveillance beyond childhood, as prevalence increases with age and disease severity. Accordingly, this guideline
uses the term basilar impression when referring to the acquired skull base deformity seen in OI.

Basal skull imaging has an important role in the assessment of severe Ol. Alongside imaging of their cranio-
cervical junction for basilar impression, skull radiographs are also a high-yield investigation in adults with severe
OI. Towne view radiographs show Wormian bones (WB) almost universally in type III OI [18]. These are acces-
sory skull bones that are entirely encased by a suture line; although they are seen in healthy individuals, they have
distinctive properties in Ol patients. Patients with OI tend to have more WBs, with an arbitrary threshold of 10 or
more WBs frequently cited [19]. WBs are usually distributed in a mosaic pattern in patients with OI, as opposed
to within the lambdoid sutures in normal individuals [20]. Furthermore, on lateral skull radiographs, aside from
basilar impression [21], other findings include basilar impression and platybasia (anterior cranial base angle >
146°).

Although osteopenia is a common feature of severe O, bone densitometry investigations have limited utility
in adults with OI type III and are not diagnostic. Dual energy x-ray absorptiometry (DXA) readings are compli-
cated by various patient factors, including low body height, bone deformities, and previous fractures. Notably,
in severe OI, the high prevalence of spinal pathology (e.g. compression fractures), precludes the accurate assess-
ment of lumbar spine bone mineral density [22]. If bone densitometry investigations are to be performed, total
body assessment is most likely to yield an accurate assessment of bone mineral density (BMD) [22], although this
approach is not recommended if patients have metal work in-situ. Hence, BMD assessment is not recommended
for adults with severe OI.

Biochemical tests

OlI does not tend to cause biochemical abnormalities and therefore blood and / or urine testing does not form part
of the routine diagnostic screen. Biochemical tests are primarily performed to exclude other potential secondary
causes of a low bone density, including hypophosphatasia, or common conditions that can lead to bone fragil-
ity including osteomalacia, hyperparathyroidism, or hypogonadism. All adults being investigated for severe Ol
should undergo the following blood tests: full blood count, serum calcium, albumin, creatinine, phosphate, alka-
line phosphate, liver transaminases, serum 25-hydroxyvitamin D and parathyroid hormone.

Other tests are not usually recommended and only indicated based on additional findings from the history and
examination. These may include thyroid function tests, 0900 fasting serum testosterone and sex hormone binding
globulin in men, follicle stimulating hormone & luteinising hormone in women with potential premature meno-
pause, prolactin, serum magnesium if hypocalcaemic, coeliac disease screen, 24-hour urinary calcium excre-
tion, overnight dexamethasone suppression test/ consecutive 24-hour urinary free cortisol, serum electrophoresis,
serum immunoglobulins, and serum free light chain assay. Bone turnover markers are not routinely required; if
a patient has experienced a recent fracture, then markers of bone turnover will be increased for over 12 months
[23].
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Genetic testing

There is a growing role for genetic testing in severe OI, not only to provide diagnostic clarity, but also to inform
prognosis and genetic counselling. The majority of severe Ol patients are dominantly inherited pathogenic vari-
ants resulting in glycine substitutions in genes coding for type 1 collagen (COLIAI and COL1A?2); these variants
have been identified in up to 90% of patients with OI [24]. There are also rarer, heterogenous variants (such as
splice site and nonsense variants in type 1 collagen genes) which are becoming increasingly understood. With
advances in genomic technologies and reduced cost of next generation sequencing, our understanding of rarer
genes causing Ol including. biallelic variants in LEPRE1, CRTAP, SERPINF1 is ever-growing, and it is now
increasingly feasible to use genetic testing to confirm a clinical diagnosis of severe OI [25].

If molecular confirmation of a severe Ol genotype is not obtained by targeted panel testing, clinicians should
undertake several steps. Initially, clinicians should initially revisit the patient’s clinical and radiological informa-
tion and rule out an alternate diagnosis (Table 1), whilst also seeking guidance from a clinical geneticist/clinician
with experience in Ol. Additional genomic investigations may be warranted such as mRNA/cDNA analysis for
altered splicing [26]. Furthermore, it is increasingly feasible to perform whole genome sequencing “super-pan-
els” on patients with suspected OI with no identifiable pathogenic variant, with a view to identifying previously
unidentified pathogenic variants such as non-coding/ intronic variants [27].

Clinical assessment of severe Ol (see Table 2)

Evaluation of general well-being

Although OI is primarily a disorder of bone fragility, OI can affect multiple systems and thus a comprehensive
evaluation of patients is required. Rather than starting the consultation assessment with fracture history, we rec-
ommend the initial assessment focuses on quality of life and the impact of severe OI on the patient’s physical,
mental and emotional wellbeing.

There are various facets to consider when assessing the quality of life of patients with severe OI. Health related
quality of life questionnaires, such as the EQ-5D-5 L questionnaire, provide objective scores. In addition to these,
clinicians should enquire how the condition is impacting patients’ daily life. There should be consideration and
empathy towards patients and the fact that they are likely to require numerous regular appointments, across vari-
ous specialties to build a holistic assessment.

During the general assessment, patients should also be asked about their sleep and any fatigue they have.
Fatigue severity can be assessed using the Fatigue Severity Scale (fSS) [28] or a 0—10 VAS score whilst daytime
sleepiness can be indicated by using the Epworth Sleepiness Scale [29]. Obstructive sleep apnoea is commonly
seen in OI, although it does not appear to correlate with OI severity [30]. Night-time quality of sleep can be
ascertained by asking patients how long it takes to fall asleep and how many times they wake up during the night
and the reasons for this. If patients report poor quality of sleep, it is important to enquire about their sleeping
arrangements (including what they are sleeping on and any positioning supports), whether they are/have had
sleep therapy, and their last overnight oximetry and lung function test results. For patients reporting suboptimal
sleep, input should be sought from local respiratory/sleep clinicians.

Evaluation of the musculoskeletal system
Independent, pain-free mobility is an essential facet of patients’ ability to engage in activities of daily living and

promote quality of life. A comprehensive assessment of the skeletal system should involve taking a medical his-
tory, clinical examination, and radiological imaging.
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Table 2 Summary clinical checklist for the management of adults with severe OI

Domain Subheading Further detail
Assessment  General What are your top three current impacts of severe Ol on patients physical, mental and emotional wellbeing?
Well-Being How does your OI impact how you carry out activities of daily living, employment, education?
EQ-5D-5 L questionnaire
What is the quality of your Sleep and your level of tiredness (Epworth Sleepiness Scale, Fatigue Severity
Scale questionnaires)?
Do you have any financial concerns?
Musculoskeletal
Fracture history ~ Age and site of first fracture
Date and site of last 3 any fractures
Date and site last 3 major fractures (spine, long bones)
Falls history Any falls during transfer or wheelchair related
Fear of falling
Mobility Mobility aids, postural needs, transfer ability, training and confidence with mobility aids.
Pain Worst pain VAS 010 in last week, short form Brief Pain Inventory
Nociceptive/ Neuropathic / nociplastic pain features — (painDETECT, fibromyalgia criteria questionnaires)
Examination Restriction of movement, focal tenderness, bony deformity, arthritis, tendinopathy or neurological to iden-
tify cause of pain and functional limitation
Therapist Occupational therapy assessment ofdependency for activities of daily living, education and employment
assessment Physiotherapy assessment of function, mobility and exercise.
Spine including  Scoliosis, basilar impression (suboccipital headaches/neck pain that is worse upon Valsalva manoeuvres;
cranio-cervical intermittent dizziness, vertigo or confusion, Lhermitte’s sign)
junction
Extra skeletal
Dental health Dental visits- community and specialist
Last dental complication- type and date
Hearing Hearing loss, pain, tinnitus, vertigo
Last hearing test
Ophthalmic Last optician visit
Blurred vision, floaters, flashes of light
Cardiovascular Chest pain, breathlessness and palpitations at rest, on exertion or lying flat.
Pulse, blood pressure, heart auscultation, pedal oedema
Baseline ECHO and at least 5 yearly.
Respiratory Breathlessness, cough, recent infections, smoking status, flu vaccination status, Epworth Sleepiness Scale
questionnaire
Lung function tests every 2 years
Gastrointestinal ~ Indigestion, NSAID use, constipation
Mental health Symptoms of anxiety, depression, post-traumatic stress disorder.
Investigations
Whole spine Baseline and 5 yearly based on clinical symptoms and signs
radiographs
MRI cranio-cervi- Baseline and 5 yearly or if suggesting symptoms of basilar impression; MRI should include assessment for
cal region hydrocephalus, tonsillar herniation, and syringomyelia. Urgent imaging and neurosurgical referral if new
neurological symptoms develop
Echo Baseline and 5 yearly or if symptoms breathlessness or chest pain
Lung function Baseline and 2 yearly or if symptoms
tests
Hearing test Baseline and 2 yearly or if symptoms
Cranial imaging  If new headaches, cognitive changes, visual deterioration, or papilloedema to assess for hydrocephalus
(CT/MRI brain)
Treatment Multidisciplinary ~Care- coordination
coordination Access to Rare Disease Collaborative Network for Adult Rare Bone Diseases Multidisciplinary Team
meetings.
Transition Ready-Steady-Go programme
Condition Brittle Bone Society resources
awareness Family planning and clinical genetics

N BMC

Fracture and anaesthetic plan
Support services (Citizens Advice Bureau, Healthcare Travel Costs Scheme and UK Access to Work
Support)
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Table 2 (continued)
Domain Subheading Further detail

Lifestyle advice  Cardiovascular risk factors, cancer screening, calcium and vitamin D intake
Bone strength Optimise Calcium (>700 mg/day) and Vitamin D (>50nmo/L)
No current role for DXA testing or osteoporosis medication

Physiotherapy Exercise, local joints, spine

and occupational ~ Supports, orthotics, work/ educational placed adaptations
therapy Wheelchair assessment and training

Pain Identify causes of pain

Avoid oral NSAIDS
Use tramadol and opioids based on benefit vs. risk.
Pain services review
Orthopaedic Pseudofracture, Fracture, Arthroplasty
Seek advice from centres with experience in severe Ol
Optimise calcium (>700 mg/day) and vitamin D (>50nmo/L).
Personalised contemporary anaesthetic plan including airway management and respiratory function
No current role of osteoporosis medication
Scoliosis Bracing not recommended
Seek advice from centres with experience in severe Ol
Craniovertebral ~ Referral to neurosurgery for symptomatic basilar impression, hydrocephalus, or syringomyelia
junction Seek advice from centres with experience in craniovertebral surgery and severe Ol
Review cranio-cervical junction status before any surgery requiring general anaesthesia

Dental 6 monthly dental review.
Prevention, de-sensitisation, and conservative restorative approaches
Hearing Excessive noise avoidance
Regular hearing tests
Mental health Referral to local mental health services for non-pharmacological and pharmacological management.

Women'’s health ~ Contraception — avoid depot medroxyprogesterone acetate
Reproductive advice from expert centres

Fracture history

In the history, a fracture history should be taken, with particular attention on the age and site of the first fracture,
the previous three any fractures, and previous major fractures (e.g. of the spine, long bone). Important informa-
tion includes the site, date, and mechanism of fracture as well as the management (i.e. conservative or orthopae-
dic procedure) and any complications. Regarding orthopaedic procedures, it is important to gather information
about the site, date and reason for surgery; the type of surgery; as well as the recovery process (degree of recov-
ery, persisting loss of function/pain/deformity/non-union) and any complications.

Falls history

It is important to establish the number of trips, stumbles, and falls patients have had in the past 12 months, e.g.
during transfer. Clinicians should also elicit the mechanisms of falls, any associated symptoms (e.g. unsteadi-
ness, dizziness, palpitations), and the sequelae of falls, (e.g. fractures, post-traumatic stress disorder, and self-
restriction of activities due to a fear of falls). If falls are related to wheelchair use then enquire around wheelchair
training and expertise, especially if the wheelchair is new.

Mobility

An assessment of mobility including expected use of a wheelchair, postural needs, transfer ability, and pain and
fatigue, should be performed with a focus on safe transfer and training and confidence with current mobility aid.

Orphanet Journal of Rare Diseases M BMC
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Pain

A systematic approach to assessing pain, including referred pain, is important in severe OI. The severity of pain
should be assessed using VAS 0-10 or the short form Brief Pain Inventory in adults with severe OI [31], with
evaluation of both the strongest and average pain over the past 7 days. Important considerations include ascer-
taining how pain interferes with activities of daily living, any previous responses to pain management (both
pharmacological and non-pharmacological) and the nature of musculoskeletal pain (e.g. nociceptive/neuropathic/
nociplastic). If there is suspicion of neuropathic or nociplastic pain, patients should be assessed using the pain-
DETECT questionnaire [32] and/or fibromyalgia diagnostic criteria respectively [33]. Acute focal bone pain or
sudden impaired mobility requires the exclusion of a fracture or pseudofracture.

Examination

Musculoskeletal examination in severe OI should be tailored to ascertaining the causes of a patient’s symptoms.
The assessment should carefully test each joint/ bone in turn noting any deformities, tenderness, and general
range of active and passive joint movement. Examination should suggest if the symptoms or functional limitation
is due to bony deformity, arthritis, tendinopathy or neurological pathology. It is important to consider that insuf-
ficiency fractures may be distal to pain with radiographic confirmation.

Therapist assessment

Occupational therapists and physiotherapists assessments are recommended to evaluate the patients’ physical
function and any progression of dependency over time, including following a recent fracture or surgery. Occupa-
tional therapists can undertake an objective assessment of patients’ dependency/support required for daily living
activities (e.g. dressing, toileting, bathing/showering, eating and drinking), as well as transfer skills, access to
employment and leisure activities, and general mobility. Physiotherapists undertake an objective assessment of
the patients’ function, mobility and exercise needs. As physiotherapy treatment may include multiple body sites;
therefore, a holistic approach is required when prescribing exercise.

Spine, cranio-cervical junction, and cranium

The spine is a particularly crucial site to assess; spinal deformities are common, with scoliosis seen in up to 50%
of OI patients [34, 35]. Spinal deformities are frequently limit range of movement, particularly in the cervical
spine. Scoliosis may manifest in pain (affecting the back/and or leg), and neurological symptoms. Thus, patients
with scoliosis should have regular radiographic assessment depending on severity of the scolisis and related
clinical symptoms and signs to monitor for scoliosis and any worsening spinal deformities; the preferred imag-
ing modality is a whole spine radiographs taken in a weight-bearing position if possible (posteroanterior and
lateral views if standing anteroposterior and lateral views if sitting). MRI scans are required for assessing neural
structures, whilst computed tomography (CT) scans are reserved for pre-operative planning when necessary.
The presence of severe scoliosis based on a Cobb angle of > 50 degrees [36], indicates the need for a respiratory
assessment and referral to spinal services.

The cranio-cervical junction is an important anatomical site in severe OI. In particular, an important complica-
tion that must be screened for is basilar impression, where the upper cervical spine may be displaced into the base
of the skull owing to bone softness [14]. The presentation of this condition is variable and includes suboccipital
headaches/neck pain that is worse upon Valsalva manoeuvres; intermittent dizziness, vertigo or confusion; and
neurological manifestations (due to compression of the brainstem/spinal cord) leading to dysphagia, weakness,
or paraesthesia, particularly on neck flexion. Thus, a comprehensive neurological examination should accom-
pany examination of the musculoskeletal system. Lhermitte’s sign should be tested for, and peripheral motor and
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sensory examinations should assess tone, power, sensation for identifying any peripheral or dermatomal sensory
changes, clonus and reflexes although these may be difficult to elicit because of deformity. MR of the cranio-cer-
vical junction are recommended at baseline and then every 5 years to assess basilar impression. Associated find-
ings that should be specifically assessed on cranio-cervical MRI include communicating hydrocephalus (reported
in up to 22% of patients with severe OI), tonsillar herniation (acquired Chiari-like malformation), and syringo-
myelia or syringobulbia, all of which may result from altered CSF dynamics secondary to skull base deformity
[12, 13]. Radiological assessment of basilar impression should employ standardised measurements including
Chamberlain’s line, McGregor’s line, and the clivo-axial angle; the Grabb-Oakes measurement is increasingly
used to quantify ventral brainstem compression [14]. Patients presenting with new or progressive neurological
symptoms, including lower cranial nerve palsies, dysphagia, respiratory embarrassment, progressive quadripare-
sis, or apnoeic episodes, should be referred urgently for neurosurgical assessment.

Evaluation of extra-musculoskeletal systems

Dental health

Patients with a moderate-severe Ol clinical phenotype are more prone to develop dentinogenesis imperfecta (DI)
[37], which is seen in up to 86% of patients with OI type III [38]. DI is characterised by weaker teeth; rapid wear
and breakdown; spontaneous abscesses; and discolouration, namely blue-grey or yellow-brown teeth. The dental
history should chart the number of teeth present and their mobility; occlusion (noting any malocclusions, usu-
ally class III); any tooth discolouration of wear; previous abscess; fractured teeth any extraction(s), implant(s),
restoration(s); or any other dental procedures/operations. Medication-related osteonecrosis of the jaw is rare.
During the assessment, clinicians should also ascertain patients’ dental practice, the date of their last dental visit
and if there are any plans to be seen by a specialist dental service.

Hearing

Hearing loss is seen in around a half of patients with OI, and thus any suspicion of hearing impairment warrants
further investigation [39]. Notably, whilst milder forms of OI typically present with sensorineural or mixed
hearing loss, conductive hearing loss in Ol is largely exclusive to patients with type III disease [37]. Clinicians
should ask patients about any hearing loss, as well as other otological symptoms including otalgia, otorrhoea,
tinnitus, and vertigo. Any risk factors for ear disease should be assessed, such as previous ear operation(s), ear
infections, exposure to loud noises, head injuries, ototoxic medication use and a family history of hearing loss.
An ear examination should be performed at baseline and then performed again if indicated by aforementioned
otological symptoms. Furthermore, an audiogram should be conducted both at baseline, and then at least every 3
yearly initially, or subject to a reported change in hearing in line with the recommendations from the OIF Adult
Health Toolkit [40].

Ophthalmic

Severe Ol is synonymous with abnormal Type I collagen, a protein that is an integral part of various structures
of the eye, including the sclera, cornea, iris, ciliary body, lens, retina, and choroid. Thus, Ol is associated with a
thinner cornea, keratoconus, myopia, and increased rates of retinal detachment [41]. Symptoms of retinal detach-
ment include sudden dark floaters, flashes of light, a dark curtain and blurred vision. Other ocular complications
in OI include higher risk of cataracts, glaucoma, vitreous haemorrhage [42]. For patients with glaucoma, the
assessment of intraocular pressure maybe underestimated in OI requiring specialist ophthalmic review. Due to
scleral weakness, patients undergoing elective ocular surgery should be assessed and managed with extra care
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[43]. Notably, severe OI including type III is not typically associated with blue sclera, as is commonly seen in
type I OL

Cardiovascular assessment

Patients with severe OI should be screened for any chest pain, breathlessness and palpitations, either at rest of
exertion, and if present should be explored further (e.g. onset, progression) and echocardiography [44]. Breath-
lessness can be from multiple causes. Adults with OI type I1I appear to be more prone to anatomical cardiovascu-
lar abnormalities; compared to other Ol subtypes, including have larger left ventricles, even when corrected for
total body surface area and prominent aortic root dilatation [45]. Aortic dissection should be considered in adults
with severe Ol presenting with acute chest/ back pain. Overall, adults with OI have higher risk of valve disease
(mean age 63 years for mitral valve, 42 years for aortic valve), heart failure (mean age 58 years) and arrhythmia
(mean age 64 years) [46]. All patients should have a check of their pulse, blood pressure, heart sound auscultation
and for peripheral oedema. Use of routine automatic blood pressure testing is safe in OI unless there is a recent
humeral fracture. To inform understanding of the natural history of cardiovascular abnormalities in severe OI a
transthoracic echocardiogram should be performed both at baseline and at least 5 yearly, and more frequently
based on clinical judgement and patient need.

Respiratory assessment

The high prevalence of scoliosis in patients with severe Ol frequently predisposes patients to respiratory func-
tion impairment, and subsequently respiratory infections [47]. More recently the higher prevalence of restrictive
lung disease was seen in Ol type III irrespective of radiological measures of scoliosis [48]. Regarding the past
medical history, it is especially important to ascertain any recent pneumonia(s) and/or rib fractures. Lung func-
tion tests which should be done both at baseline and every 2 yearly. The results should be interpreted in relation
to body size, in particular arm span not height at a specialist centres and may require additional assessments
from oximetry and arterial blood gases [49]. Severe Ol is also associated with a higher risk of obstructive sleep
apnoea without clear clinical predictors [30]. An assessment including Mallampati score (Fig. 1) and Epworth
Sleepiness Scale should be considered in adults with severe OI with a low threshold for sleep studies, e.g. poly-
somnography. Adults should also be questioned regarding smoking history and vaccination status for influenza
and pneumococcus.

Fig. 1 Mallampati score [30] The Mallampati Score

CLASS | CLASS 1l CLASS Il CLASS IV

Complete Complete Visualization Soft palate
visualization of visualization of only the is not
the soft palate of the uvula base of the uvula visible at all
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Gastrointestinal health

Patient surveys have identified stomach and bowel problems as a common complaint [50] which leads to a mod-
erate/ severe impact on their lives [51]. Patients with OI are at higher risk of hospital admission for peptic ulcers,
which is often related to NSAID use, constipation, inflammatory bowel disease, biliary / pancreatic disease,
appendicitis, unspecified abdominal pain in both men and women and hernia in women only [52]. Adults with
severe OI should be asked regarding indigestion and peptic ulcer disease and have any NSAID use reviewed as
well as questions around constipation and laxative use.

Mental health

Adults with OI report lower levels of mental health, and greater levels of depression and anxiety than the general
population [53]. On assessment, patients should be screened for anxiety, depression (including suicidal thoughts
and plans), and post-traumatic stress disorder. Moreover, any previous mental health diagnoses referrals and
management should be identified.

Radiological assessment considerations

Individuals with severe OI often require radiological assessment and these recommendations aim to ensure safe
and effective assessment with good patient experience. Adequate referral information is required for safe and
effective planning of the diagnostic imaging exposures. The referrer must supply the practitioner with sufficient
medical data relevant to the exposure requested by the referrer to enable the practitioner to decide whether there
is a sufficient net benefit. For people with severe OI this may include: (a) accurate patient identification details
all relevant clinical information; (b) all relevant clinical information including any previous relevant imaging;
(c) presence of implants that may affect type of imaging suggested; (d) contraindications to medicines/contrast
agents; (e) patient mobility needs (capabilities, restrictions, safe manual handling and any equipment required);
(f) possibility of pregnancy where appropriate; (g) completion of a safety checklist for all MRI examinations; (h)
weight where required.

Radiographers and other operators of diagnostic X-ray equipment, (or those delivering nuclear medicine ther-
apy or radiotherapy treatment) must be adequately trained and be mindful of any special requirements of indi-
viduals in their care. They must have an awareness of Ol, including the need for adaptive technique, additional
risk factors relating to medicines, patient positioning, the use of ancillary equipment such as supports, pads etc.
and not making assumptions about a person’s capabilities or existing injuries. In diagnostic imaging, radiogra-
phers and other operators must take care to consider appropriate image and dose optimisation where individuals
present with reduced bone density, scoliosis or limb deformity, the presence of metalwork, multiple fractures or
post-surgical appearances.

When scheduling appointments for imaging or treatment special consideration should be given to: (a) acces-
sible travel and parking arrangements; (b) access to the department including accessible toilets; (¢) adequate prior
information for consent, patient preparation, benefits and risks of ionising radiation; (d) relevant information
related to safety checks for MRI. During the appointment consideration should be given to: (a) any assistance/
aids needed to transfer from their chair, or to lie flat, (supine or prone) etc. ; (b) access to equipment, for example
CT and MRI scanners. After the appointment consideration should be given to: (a) aftercare where appropriate;
(b) results, or information about when and how to expect results. Finally, reporting of imaging requires training
in the imaging appearances of severe Ol and availability of optimum viewing conditions.
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Management of severe Ol

General measures

Multidisciplinary care approach for adults with severe Ol

In the management of adults with severe OI, it is essential to ensure management with specialised and general
centres delivers well-coordinated comprehensive multidisciplinary. Care co-ordination should follow the six
CONCORD recommendations in terms of organisation of care, organisation of team, responsibilities, frequency
of appointments, access to records and mode of communication [54]. A designated specialist should lead the mul-
tidisciplinary team, possessing expertise specifically tailored to the management of severe OI including access
to the Rare Disease Collaborative Network for Adult Rare Bone Diseases Multidisciplinary Team Meetings [55].
Collaboration with various healthcare professionals, including general practitioners, radiologists, orthopaedic
surgeons, therapists, rheumatologists, and dentists, is important. Additionally, involvement of other specialists
such as neurosurgeons, otolaryngologists, ophthalmologists, orthodontists, dieticians, chiropodists, social work-
ers, and psychologists may be necessary based on individual patient needs.

Structured transition of care and individualised goal setting

Transitioning to adult services should be structured, personalised and seamless where appropriate, ensuring con-
tinuity of care. A number of best practice pathways are available including the UK Ready Steady Go programme
(https://www.readysteadygo.net/ready-steady-go.html) and Transition Readiness Assessment Questionnaire [56].
Individualised goal setting is paramount, with patients understanding their disease, empowered to set their own
goals and supported by the healthcare team. Appointments should be patient-led to ensure personalised care and
maximise physical and mental well-being. Goals may encompass various aspects including education, employ-
ment, family, social engagement, and leisure activities, alongside objectives to reduce fracture risk, pain, stiff-
ness, and preserve joint function and dentition.

Education about the disease

Provision of adequate information about severe Ol is crucial to patients and their families. This rare disease is
often associated with debilitating manifestations and lacks a cure. Empowering patients with knowledge about
their condition helps them understand and cope with its challenges. Supporting them to develop to the best of
their abilities is paramount. Patients should also be signposted to organisations such as the Brittle Bone Society
[57], which offers valuable and accurate information, support services tailored to individuals with severe OI and
opportunities to meet other adults with severe OI. Access to such resources can significantly enhance the patient’s
journey and quality of life.

Referral to clinical genetics

Unless a molecular diagnosis for severe Ol is already established in the family, referral to clinical genetics is
recommended to facilitate genetic counselling. Patients should be referred to the local metabolic bone or clinical
genetics services. These services can not only characterise identified pathogenic variants, including its inheri-
tance pattern, but also discuss the implications of genetic testing with patients. In England, genetic testing can
be accessed through the regional Genomic Medicine Service under Testing Criteria R102.1 for Osteogenesis
Imperfecta Whole Exome or targeted panel [27].

Following molecular characterisation of severe Ol, genetic counselling is important and this may include
reproductive decision making and family planning discussions. Based on results from genetic testing, adults
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should be informed about the risk of passing the disease to their offspring. Subsequently, information about
reducing the risk of disease transmission to future generations should be provided, including the role of pre-
implantation genetic diagnosis. Pre-implantation and antenatal screening will identify approximately 90% of all
type I collagen mutations [58], however, a negative test result does not exclude OI Type III. We would recom-
mend careful prenatal scanning to detect early diagnosis of OI.

Fracture and anaesthetic plan

Patients should be provided with a clear personalised contemporary fracture and anaesthetic plan, especially if
they were to experience fractures away from the specialist centre. This plan should outline key clinical facts about
severe Ol, including anaesthetic considerations for airway access and ventilation options. In patients with known
or suspected craniovertebral junction abnormalities, the anaesthetic plan should specifically address the risks of
neck positioning, as flexion may precipitate acute brainstem compression; pre-operative cranio-cervical junction
MRI should be reviewed before any procedure requiring general anaesthesia or significant positioning [12, 15,
59-61].

Social and community support services

In addition to medical care, adults with severe Ol may benefit from a network of social and community support
services aimed to enhance their overall well-being and address practical challenges they may face. This includes
supporting patients in accessing housing and financial assistance, enabling adults with severe OI to mitigate
deprivation through social agencies like the Citizens Advice Bureau. Furthermore, accessing financial support
schemes such as the Healthcare Travel Costs Scheme (HTCS) and UK Access to Work Support scheme can alle-
viate the burden of attending hospital and work, respectively. By connecting patients with community resources
such as local support groups, community centres, and recreational programs tailored to individuals with disabili-
ties, they can build social connections and foster a sense of belonging within the community. Engaging with these
resources ensures that individuals with severe OI receive holistic care that addresses not only their medical needs
but also their social and practical challenges, ultimately enhancing their quality of life.

Lifestyle advice

The common causes of death in adults with OI include heart disease and cancer [6]. Lifestyle modifications
such as smoking cessation, alcohol moderation (less than 14 units per week), and weight management, with pos-
sible referral to a dietitian, are a core component of care for adults with severe Ol. Routine metabolic screening,
including blood pressure, HbAlc, and lipid measurements, should be integrated into health checks. Moreover,
patients should be encouraged to participate in national screening programs pertinent to their age and medical
history such as for bowel (56—74 years old), lung (55-74 year old current or former smokers) and breast cancer
and vaccination programmes (over 65 years and those at risk: annual influenza, pneumonia, shingles, RSV and
potentially COVID; for women during pregnancy: influenza, whooping cough, RSV; for college/university stu-
dents: meningitis).

Optimising lifestyle factors is essential for promoting optimal bone health in patients with severe OI. Patients
should receive tailored advice encompassing various aspects: ensuring adequate calcium intake of at least 700
mg per day, accessing resources like the Royal Osteoporosis Society’s “Nutrition for Bones” guidelines [62], and
maintaining sufficient vitamin D levels with daily supplementation ranging from 800 to 2000 IU [63]. Patients
should also receive counselling on falls prevention, whilst receiving support from the wider multi-disciplinary
team regarding environmental adjustments, physical therapy and mobility aids. By implementing these lifestyle
recommendations, healthcare providers can empower patients with severe Ol to proactively manage their bone
health and overall well-being.
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Management of bone strength

Ensuring adequate levels of calcium and vitamin D is the first step for all patients with OI. However, while osteo-
porosis medications improve bone density in OI [64, 65], they do not reduce fracture risk. In addition, iatrogenic
osteopetrosis has been reported in cases of excessive treatment with prolonged bisphosphonate therapy [66, 67].
Osteoporosis therapies, such as bisphosphonates and teriparatide have been tested and used clinically to reduce
fracture risk in adults with OI based on observed increases in bone mineral density from typically smaller sample
sized studies, with the assumption that improving bone density would reduce fracture risk. However recent trials
have robustly refuted this assumption. Both the 8-year multicenter TOPAZ trial testing 2 years of teriparatide fol-
lowed by zoledronate in 349 adults with OI compared to standard care [68] and 2-year Orbit trial testing setrusi-
mab compared to placebo in 24 adults and 135 children with OI, reported as a press release [69], demonstrated
significant improvements in bone mineral density but critically no difference in fracture risk and no association
between fracture risk and bone density. Further, baseline analysis of the TOPAZ trial revealed that there was no
difference in the prevalence of recent fractures, in the two years prior to baseline, when comparing OI adults with
normal bone mineral density, osteopenia and osteoporosis, and the lack of fracture reduction was similar across a
range of sub-groups including by age, sex, type of Ol and type of collagen variant [70]. Preliminary results from
the TOPAZ and Orbit trials are concordant with a previous meta-analysis of trials in adults with OI [71]. Given
the current evidence for osteoporosis medications not reducing fracture risk in OI, especially severe OI, the use
of DXA and osteoporosis medications (bisphosphonates, teriparatide) is not recommended in adults at present.

Physiotherapy and occupational therapy management

Rehabilitation efforts should be centred on attaining patient-oriented goals and maintaining or restoring indepen-
dence, often requiring flexible and alternative approaches to obtain practical solutions. Encouraging an active
lifestyle promotes muscle conditioning, weight management, cardiovascular health, psychological well-being,
and educational and occupational performance. Therapy objectives encompass pain management, enhancement
of physical function and fitness, improvement in functional independence and quality of life, and mitigation of
disability associated with severe OI. Therapeutic interventions aimed at fostering independence and engagement
should be tailored to individuals’ personal objectives and ambitions.

Physiotherapists can guide individuals in selecting suitable physical activities or sports at appropriate intensity
levels. It is crucial to be aware of local leisure facilities and their accessibility, adhering to guidelines for physical
activity for disabled adults while interpreting them in conjunction with physiotherapy advice for individuals with
OL. Activities should prioritise muscle strengthening, cardiovascular health, balance, and reduction of sedentary
behaviour. High-impact sports should be avoided to prevent fractures, particularly of the spine. Due to significant
skeletal deformities, traditional exercises may not be applicable. The clinician can facilitate problem-solving with
the patient to find a suitable active lifestyle for the individual. This may include resistance training using body
weight, therabands or light dumbbells with a patient specific dosing regimen to avoid adverse injuries. Pilates
based exercises can be performed in sitting or lying please see options via the BBS Pilates Series - BBS. Aerobic
activities such as arm cycling and swimming can help to reduce sedentary behaviour (https://www.nhs.uk/live-we
ll/exercise/wheelchair-users-fitness-advice/). Non-pharmacological self-management strategies can help support
pain management and include pacing activities, changing postures, stretching and relaxation/ mindfulness tech-
niques can help support pain management. A personalised flare-up management plan can empower patients and
their caregivers to manage flare-ups with confidence using the strategies above. Other therapy treatments such as
acupuncture and soft tissue therapy can be beneficial for short-term relief but their impact their effect has not been
researched. Due to bone fragility in this patient populations, high velocity manipulations are contraindicated.

Occupational therapists can recommend support required for daily living activities (e.g. dressing, toileting,
bathing/showering, eating and drinking), as well as transfer skills, access to employment and leisure activities,
and general mobility.
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Rehabilitation may involve specialist equipment or modifications to facilitate independence in daily activities.
Currently NHS assessment for wheelchair provision can be arranged through the GP or relevant healthcare pro-
fessionals, with associated costs typically covered by the NHS, though additional expenses may arise with private
provision or NHS personal wheelchair budgets. Each locality operates under its assessment and eligibility criteria
for wheelchair budgets. Information on wheelchair options and provision can be obtained from the Brittle Bone
Society [72] and Wheelchair skills website- Whizz K [73]. Individuals receiving high-rate mobility component
of personal independent payments (PIP), or equivalent regional benefit (e.g. Adult Disability Payment (ADP) in
Scotland)), can utilise these funds for driving lessons and wheelchair accessible vehicles. Services such as the
Motability scheme, which also offers mobility aids such as wheelchairs instead of vehicles. and local driving
assessment centres should be made available to patients.

Therapeutic interventions may also target ambulation improvement in younger adults, with physiotherapists
devising rehabilitation plans and coordinating with orthopaedic surgeons if corrective procedures are necessary.
Orthotics can complement mobility aid, with options ranging from insoles to hinged ankle-foot-orthosis, priori-
tising lightweight designs to avoid cumbersome gait. Attention to leg length discrepancy and spine alignment
should be considered during orthotic provision to promote optimal functionality.

Specific measures

Management of pain

Pain can significantly affect various aspects of well-being in individuals with severe OI, including sleep, physical
activity, mood, concentration, memory, sociability, and work or education [74]. Consequently, a holistic approach
to pain therapy and rehabilitation is essential. This involves incorporating pain assessments into all healthcare
interactions and collaborating with dedicated pain teams for overseeing rehabilitation plans. Early involvement of
physiotherapy and occupational therapy allows for tailored physical rehabilitation and pain education specific to
the needs of individuals with severe Ol. The primary objective in managing pain associated with severe Ol is to
identify the cause(s). This requires comprehensive assessment, including history-taking, physical examinations,
laboratory tests, and imaging, to determine the dominant sources of pain.

Understanding the underlying causes of pain specific to severe Ol is paramount [53, 75, 76]. While fractures
or nerve impingement may be identifiable, other sources may include pseudofractures, osteoarthritis, soft tissue
injuries, referred pain, and chronic widespread pain [77]. The aetiology of pain can be particularly challenging in
areas such as the lower and mid back, neck, hips, and shoulders as shown in studies of children and adolescents
[78, 79]. Individuals with OI Type III may experience disabling widespread pain without a clear cause, often
involving central sensitisation and multifactorial factors [78, 80].

While medications may offer some relief, their efficacy may be limited, and their prescription should be
accompanied by an understanding that significant relief may not always be achievable. Simple analgesia, such
as paracetamol, is unlikely to provide effective relief for individuals with severe OI [78]. Oral NSAIDs are not
generally recommended given the significantly increased risk of admission with peptic ulcer disease in patients
with OI [52] and so the benefits and risk should be reviewed for each adult. Gabapentin or pregabalin may be
considered as part of a comprehensive rehabilitation plan to alleviate neuropathic pain. Similarly, amitriptyline
may offer limited relief for neuropathic and general pain, while also aiding mood regulation and improving sleep
quality [80, 81]. However, both amitriptyline and gabapentin may cause common side effects, including fatigue,
headaches, and nausea, which can present separate challenges for individuals with severe OI.

For acute pain flares, including fracture related, opiate medications should be considered, with dosing care-
fully monitored with regular pain assessments to achieve adequate pain relief. Additionally, exploring alternative
therapies such as acupuncture could provide complementary relief. In cases where the average pain severity over
the past week is >4 out of 10, a reassessment for the causes of pain is recommended. This may involve referral
to pain services or consideration of opioid medications, with a clear discussion of risks and benefits. Referral to
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occupational therapy for advice on pacing and activity management can help mitigate the impact of pain in daily
life for individuals with severe OI. Referral to orthopaedics should be considered if limb- or joint-related pain
persists despite initial measures. By considering these diverse treatment options within a holistic pain manage-
ment programme, individuals with severe OI can work towards restoring function and improving their overall
quality of life.

Complete fragility fracture

The objective in managing complete fragility fractures is to fix the fracture, optimise the anatomy, and promote
ambulation [11]. Similar to pseudofractures, management should be coordinated between orthopaedic specialists
and the local bone team. Considering the bone’s likely softness, nailing is often preferred over plating. In cases
of significant deformity, especially if multi-planar, advice from regional orthopaedic teams should be sought. The
use of DXA and osteoporosis medications (bisphosphonates, teriparatide) is not recommended at present to aid
fracture healing.

Pseudofracture

The primary goal in managing pseudofractures is to promote healing and prevent complications such as defor-
mity. This necessitates coordinated management between orthopaedic specialists and the local bone team. Ensur-
ing the patient is calcium (>700 mg/day) and vitamin D replete (=50 nmol/L) is recommended. Patients should
be advised to offload the limb, limit activities, and seek urgent assistance if there is a sudden increase in pain.
Referral for expert limb reconstruction surgery may be warranted if there is evidence of deformity or severe pain
not responding to pharmacotherapy. Treatment of pseudofractures have not been tested in adults OI. Given the
observed lack of benefit for complete fragility fractures, the use of DXA and osteoporosis medications (bisphos-
phonates, teriparatide) is not recommended at present for patients with pseudofractures.

Other elective orthopaedic surgery (including arthroplasty)

For elective orthopaedic procedures, such as arthroplasty, confirming that joint disease is a major contributor to
pain is crucial, potentially through local joint injections. Advice from regional orthopaedic teams experienced
in severe Ol surgery should be considered, particularly in the presence of significant limb deformity. Prior to
surgery, calcium and vitamin D repletion should be addressed. Given the current evidence for osteoporosis medi-
cations in OI, especially severe OI, the pre- or post-operative use of osteoporosis medications (bisphosphonates,
teriparatide) is not recommended at present.

Management of scoliosis

Individuals with severe OI and scoliosis require regular monitoring and should have access to specialist scoliosis
services for relevant evaluation and treatment discussions.

Scoliosis bracing is generally not recommended for adults with severe Ol, with studies showing limited effec-
tiveness [35]. Instead, early consultation with spinal teams and therapists is advised. Scoliosis instrumentation
and fusion should be considered for progressive curves, particularly if associated with pain from unbalanced
sitting postures or costo-iliac impingement. However, it is essential for the patients to understand that scoliosis
surgery typically does not reverse deteriorating respiratory function, as scoliosis may not be the primary cause.

When contemplating spinal surgery, it is crucial to consult with a spinal surgeon with knowledge and expe-
rience of severe OI. Fixation methods commonly involve standard pedicle screw instrumentation, possibly
augmented with cemented, fenestrated screws, hooks, and sublaminar wires or tapes for fixation around the
ribs. Routine adjuncts are typically sufficient to promote bony fusion.Intraoperative neuromonitoring (IONM),
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including motor monitoring, is indispensable during scoliosis surgery for severe OL. It is essential to acknowledge
the increased fracture risk associated with motor stimulation, particularly in individuals with OI. This risk should
be addressed during the consent process.

Management of craniovertebral junction abnormalities

Adults with severe OI and radiological or clinical evidence of craniovertebral junction pathology, including
basilar impression, or platybasia with neurological compromise, should be referred to a neurosurgical centre with
experience in craniovertebral surgery and in managing patients with OI. Indications for urgent neurosurgical
referral include new or progressive brainstem or upper cervical cord compression (manifesting as lower cranial
nerve palsies, dysphagia, quadriparesis, respiratory embarrassment, or apnoeic episodes), radiological evidence
of progressive basilar impression, and the development of symptomatic hydrocephalus or syringomyelia [12, 15].

Surgical management depends on the nature of the compression. Reducible basilar impression is typically
managed with posterior fossa decompression and occipitocervical fusion, whereas irreducible ventral brainstem
compression may require anterior decompression (transoral or endoscopic transcervical approaches) followed
by posterior stabilisation [15, 16]. Bone quality in severe Ol poses particular challenges for instrumentation and
fixation; augmented or cemented screw techniques may be required, analogous to those described for scoliosis
surgery in this population. Despite successful fusion, basilar impression may progress radiologically over time,
necessitating long-term surveillance [15]. Communicating hydrocephalus, when symptomatic, may require cere-
brospinal fluid diversion [12, 13].

All craniovertebral junction surgery in severe Ol should be undertaken at centres with experience in both
craniovertebral surgery and the unique challenges of operating on patients with OI, including bone fragility,
potential bleeding diathesis, and anaesthetic complexity. Baseline cranio-cervical junction imaging should be
reviewed before any spinal surgery, including scoliosis correction, to exclude concurrent basilar impression that
could affect operative positioning and surgical planning.

Other specific measures
Management of oral issues

Management strategies for oral manifestations of severe OI, particularly dentinogenesis imperfecta (DI), should
emphasise prevention, desensitisation, and conservative restorative approaches, possibly including bleaching for
discolouration. Patients should undergo dental assessments regularly, ideally every six months, and be referred to
specialist services if needed. Complex cases may require advanced interventions like overdentures or implants,
although bone grafting can be challenging. Fluoride and regular dental hygiene treatments can aid in minimising
dental complications. Orthodontic treatment may be feasible but should be approached cautiously, especially in
cases of DI. Referral to specialist dental services should be prompt, and proactive prevention, including resto-
ration over extraction, is essential. A specialist orthodontist should be consulted as part of a multidisciplinary
team, and jaw surgery may be considered for functional and aesthetic concerns, with balanced consideration of
potential rare risks. While bisphosphonates pose a risk of osteonecrosis of the jaw, this is rare in OI patients [82].

Hearing management
Management mirrors that of other causes of hearing loss, initially involving hearing aids. Some patients may
benefit from surgeries on the hearing bones or implantation of hearing devices. Notably, if action is taken

swiftly, stapedectomy can help to improve conductive hearing loss, although patients subsequently require fre-
quent monitoring [83]. To mitigate further damage, patients should avoid excessive noise exposure and ototoxic
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medications such as gentamycin and furosemide. Ideally, hearing care should be provided by local or regional
hearing specialists.

Mental health wellbeing

Upon assessment, if mental and psychological concerns are identified, there should be a transparent pathway for
accessing local non-pharmacological and pharmacological mental health services, both as part of routine care and
during crisis situations.

Women's health

The management of women’s health issues ranges from avoiding pregnancy, pregnancy, menopause and cancer
screening. In general, most forms of contraception, including implants and progesterone only pills are suitable
in severe OI, but depot medroxyprogesterone acetate should be avoided because of the association with reduc-
ing bone density [84] and higher fracture risk [85]. Adults with severe Ol should discuss the implications of
their genetic diagnosis with clinical genetic services to understand the breadth of reproductive options including
preimplantation diagnosis. For women planning pregnancy, early discussion with obstetric services are recom-
mended, including assessment of implications of pelvic and spinal shape for pregnancy and delivery. During
pregnancy and lactation women should be achieve requirements for calcium and vitamin D intake as per the
Royal Osteoporosis Society guidelines. While fracture risk increases after the menopause [86] there is insuffi-
cient evidence to recommend specific assessments or therapies. In particular, while hormone replacement therapy
(HRT) could be considered for menopausal symptoms in patients with severe OI, the effect of HRT on fracture
risk remains unknown.

Summary checklist for adults living with Severe Ol including Type llI

To support adults with severe Ol prepare for their follow-up clinic visits, a patient-facing checklist was developed
(Table 3).

Discussion

These best practice guidelines have been co-developed by a diverse clinical and patient expert group, drawing
upon the current evidence available. The aim of these guidelines is to improve the quality of care received by
patients with severe OI, from initial assessment and diagnosis, through to long-term management. The guidelines
are primarily drawn from multidisciplinary expert consensus given the paucity of evidence to support recom-
mendation. These guidelines also outline important deficiencies in our understanding of severe Ol presentation
and management and reinforce the need for future cohort studies and trials. These guidelines form the basis for
developing performance and quality indicators that can be used to benchmark expert centres as well as regional
delivery of care within the NHS.

These guidelines will be disseminated through the NHS rare bone disease collaborative network (RDCN)
for adult rare bone diseases, a virtual network of over 20 NHS centres that work together to improve outcomes
of adults with rare bone diseases. Specifically, the RDCNs aim to raise awareness of the rare diseases, improv-
ing co-ordination of care, sharing of expertise and best practice, establishing a disease registry to improve the
understanding of the epidemiology of the rare disease, improve research on treatment options and diagnostics and
establish a support network for patients and families, including co-ordinated transition from paediatric to adult
services. The NHS’s aim of the RDCNs is to move knowledge rather than patients, recognising expertise is likely
to be scarce and where there may also be benefits in national and international collaboration. The Adult Rare
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Table 3 Checklist for individuals with severe osteogenesis imperfecta including type 111

Working with patients and medical experts that we have put together an example checklist you may want to use before attending a follow up
appointment. This checklist is designed so you can make the most out of your appointment. There is a long list of questions, some of them may
not be relevant to you. We have added spaces for you to record what is important for you. It is ok to leave out sections or add in more sections.
This is our first attempt at developing the checklist and we would be very grateful for any suggestions you have on how we can improve it. You
can e-mail them to us at admin@brittlebone.org

Here are the sections:

Appointment details
Date of Clinic appointment
Clinical team:
Before the appointment:
1. Check where the clinic is to be held.
a. Is the appointment face to face, by video or by telephone
b. Who will you be seeing? The same person as last time or a new person or don’t know?
c. If it is face to face, have you checked
i. transport links
ii. car parking
iii. How to access the building
iv. where toilet facilities are
d. Waiting times to be seen can be long, so arm yourself with snacks/drinks.
e. If you lipread it is helpful to make the team aware of this to facilitate clear communication (especially in mask wearing situation)
f. If you need a translator make sure the clinic knows which language(s) you need
g. If you need an advocate/ friend/ carer / family member to attend that is ok. You can ask them to attend all or some of the appointment,
it is up to you
h. For some appointments you may need to transfer to a bed and undress/re-dress, if you need assistance with this you may prefer to be
accompanied by a carer/PA.
i. Should I bring along any samples e.g. urine?
j. For some appointments, check if you need to prepare for blood or urine tests, e.g. fasting, full bladder
2. Information bring with you:
a. Re-read your last clinic letter to remind yourself of any recommended
1. tests
ii. changes in your treatment
iii. referrals to other services

iv. If any tests were recommended, who was responsible we’re checking the results or making sure the clinic has them. If you were due
a test and it has not happened, check with the clinic if you need to delay your appointment.

b. Your current prescription

c. List of allergies if applicable

d. Your current weight

Since your last appointment, have you had any of these issues:

e. Broken bones: yes/ no:
i. List which bones have you broken since your last appointment and how did they break:
ii. List any operations on your bones/ joints:

f. Back issues: yes/ no:
i. Pain — back of head, neck, chest, lower back
ii. Change of shape (forward bending, more off to one side, visual change in the spine and looking more deformed)
iii. Tingling or weakness in arms or legs
iv. Change in bladder / bowel function
v. Times when you are dizzy/ confused

vi. Problems swallowing
vii. Headaches worsened by coughing, straining, or bending forward

g. Pain in other parts of the body yes/ no:
i. Do you have any pain in your joints or bones
ii. If yes
1. Where
2. When did start
3. Is it getting better, worse or the same
4. How does it interfere with your life?
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Table 3 (continued)

h.

iii. What treatments have you had since your last visit for your pain?
Falls — such as during transfers yes/ no:

i. Changes in your mobility or mobility support, e.g. wheelchair issues yes/ no:
j- List any issues you have with and if they are stable or getting harder to do since your last visit

k.

i. dressing

ii. toileting including transfers and managing hygiene and menstruation
iii. bathing/ getting ready

iv. Oral health activities

v. General grooming activities such as styling hair, shaving, cutting nails etc.
vi. Eating / drinking

vii. Preparing food,

viii. Looking after the house

ix. Parenting/ caring roles

x. Work/ leisure / hobbies/ other community activities

Sleep and fatigue

i. Snoring at night

ii. Daytime sleepiness

iii. Chronic morning headaches

iv. Sleep studies

1. Dental issues — since your last appointment or getting worse

i. Pain

ii. Cracked teeth

iii. tooth loss

iv. infections

v. Accessing dental care
vi. Other dental concerns

m. Hearing —

©

i. Deafness — which ear

ii. Tinnitus

iii. Any hearing aids

iv. Last hearing tests/ visit to audiology

. Eye issues — sudden floaters sudden dark floaters, flashes of light, a dark curtain and blurred vision

Breathing/ heart issues

i. More breathless doing things

ii. Episodes of pneumonia

iii. Rib fracture-like pain

Gastrointestinal

i. Any changes to bowel movement habits?

ii. — constipation

iii. - diarrhoea

iv. - changes to frequency and/or consistency
v. Loss of appetite, nausea or pain after eating

. Mental wellbeing

i. Any symptoms of depression, anxiety or post-traumatic stress disorder
ii. social / psychological supports
iii. other psychological/ psychiatric treatments

r. Reproductive health

7]

i. Relationship issues physical or emotional

ii. If you are a women: changes in your periods, have they stopped
iii. If you are a man: impotence, shaving less often

iv. Reproductive/ contraception issues

v. Need for genetics / family counselling

vi. Any hormonal treatments

. Diet and lifestyle

N BMC
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Table 3 (continued)

i. How much calcium do you take a day on average= (https://theros.org.uk/information-and-support/bone-health/nutrition-for-bones/ca
Icium/)

ii. Vitamin D supplements use (which dose):
iii. Alcohol intake in a week (https://www.nhs.uk/live-well/alcohol-advice/calculating-alcohol-units/)=
iv. Smoking status- current, ex, vape, never
v. Other recreational drugs:
vi. Weight gain or loss
vii. Healthy diet (https://theros.org.uk/information-and-support/bone-health/nutrition-for-bones/)
t. List any Educational and employment issues yes/ no:
u. List any Welfare benefits yes/ no:
v. List any Ongoing housing issues yes/ no:
3. It is often difficult to remember everything that you want to ask, so add here other things you want to discuss:
4. Make sure you understand what the plan is after your appointment, including
a. Any tests
b. Any changes to your treatment
c. Referrals to other healthcare teams
d. Who needs to be copied into the letter
When your next appointment will be, who with and where it will be

Bone Disease RDCN was established in December 2022 with the aim of delivering virtual national and support-
ing regional MDT structure to cover all geographic areas of the NHS and develop 4 rare disease patient pathways
with minimal clinical indicators and resources for healthcare professionals and patients, including caregivers.
This best practice guideline is one of the patient pathway deliverables from this RDCN. The network will sup-
port both dissemination and update the guidelines every three years or sooner dependent on advances in research,
primarily around an improved understanding of the molecular mechanisms underlying fracture risk in different
sub-types of Ol that may inform future therapeutic strategies. To facilitate uptake, the key recommendations have
been condensed into a checklist for clinicians and patients to co-complete.

These best practice recommendations complement those of the Osteogenesis Imperfecta Foundation (OIF)
Adult tool kit [40] and briefer Osteogenesis imperfecta Federation Europe Passport [87]. In particular, the best
practice recommendations from the OIF are similarly framed to cover the musculoskeletal and non-musculoskel-
etal aspects of care but cover all severities of OI not just the severe OI. The OIF toolkit [40] has similar recom-
mendations for lifestyle, cardiac, dental, family planning, pregnancy, gastrointestinal, hearing, mental health,
mobility, spine, pain, respiratory. These best practice recommendations differ from the OIF toolkit in that they do
not recommend regular bone density testing or osteoporosis medications for fracture reduction. In addition, the
OIF toolkit recommends annual checks for skin cancer. The OIF toolkit is more patient facing with a glossary of
medical specialities and an OI appropriate medical record that could be used in the NHS setting as well as links
to a range of online resources for medical professionals.

In the development of these recommendations, a number of evidence gaps were identified that add to those of
the James Lind Alliance Prioritisation for adults living with rare musculoskeletal diseases [8]. The research gaps
included the optimal frequency of echocardiograms, lung function testing, whole spine radiographs and cranio-
cervical MR in adults living with severe OI; optimal timing and indications for neurosurgical intervention in
basilar impression, including the role of prophylactic stabilisation; optimal management of scoliosis in terms of
when to refer to spinal and respiratory services and which tools are effective and practical screening for anxiety,
depression and post-traumatic stress disorder in adults with severe Ol in routine NHS care. Notably, a structured
screening pathway for skull base abnormalities in paediatric OI has been suggested by the Highly Specialised
Service for Severe, Complex and Atypical Osteogenesis Imperfecta [88]; going forwards, this proposed model
could feasibly be adapted for the surveillance of skull base abnormalities in adults with OI.

The strengths of this guideline are its strong multidisciplinary involvement and co-development with patients.
By mapping to existing clinical expertise within the NHS, the recommendations are aimed to be achievable
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within the NHS. Finally, by integrating the clinical and patient perspectives the recommendations are comprehen-
sive covering both physical and mental wellbeing. There are three major limitations for this guidance. Firstly, the
NHS focus may limit the generalisability of the guidance to other healthcare systems. Nevertheless, it is expected
that the key sections would be generalisable with national/ local modification of the detailed delivery. Secondly,
there is an urgent need to evaluate if these guidelines lead to improvement in patient care from the perspective
of both healthcare professionals, patients and caregivers using service improvement methods, quantitative and
qualitative research. Before the guidelines are evaluated, the current reality of healthcare provision with adults
with severe Ol needs to be mapped against these recommendations to identify areas of good and acceptable care
as well as gaps in care. The findings from the care mapping will inform the development of resources, for both
healthcare professionals, patients and caregivers, that will provide the critical supplement for these recommen-
dations and increase the potential for patient benefit. Finally, future iterations the recommendations should use
a formal methodology for resolving disagreements (e.g. Delphi process, formal voting, predefined agreement
thresholds) and a formal evidence grading or strength-of-recommendation assessment so the future recommenda-
tions are based on multidisciplinary expert opinion informed by the available literature.

In summary, best practice recommendations for patients with severe OI have been developed by a multidis-
ciplinary team including patients and caregivers with the aim of improving care for adults, benchmarking the
quality of specialist services and identifying key research gaps.

Supplementary Information The online version contains supplementary material available at https://doi.org/10.1186/
$13023-026-04552-7.
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