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Genetic causes of Fractures 

• Types of Osteogenesis Imperfecta – 
more common and rarer forms 

• Hypophosphatasia 
• Nutritional bony disorders



Osteogenesis Imperfecta
• The most common genetic cause of OI are variants in Type 1 Collagen, including COL1A1 and COL1A2 
• OI due to a COL1 variant is inherited as an Autosomal Dominant disorder.  
• DNA testing confirms diagnosis in 96-97% of patients 

Physical features in patients with OI include: 
 short stature 
 Relative macrocephaly 
 Blue sclerae  
 Hypermobile joints 
 Limb deformities in more  severe patients 
 Abnormal teeth  (dentinogenesis imperfecta) 
 Hearing loss



Osteogenesis Imperfecta

Xray features in patients with OI 
 osteopenia 
 Wormian bones in the skull 
 bowing of long bones 
 fractures 
Other radiologic findings may include:  
 Abnormal DEXA scan showing osteoporosis 
 nephrolithiasis (kidney stones on ultrasound) 
 basilar invagination on head MRI in severe patients 



Diagnosis of OI in a patient with fractures: 

• Physical exam is important. In addition to physical features 
noted on the previous slide, a child may have soft-feeling skin 

• Family history is important: an affected parent may have a 
history of childhood fractures, easy bruising, blue sclerae, 
poor dentition, and hearing loss 

• Radiology findings may increase suspicion if Wormian bones, 
and osteoporosis are seen 

• Molecular testing can confirm diagnosis if variants in COL1A1 
or COL1A2 are detected – variants in these genes cause > 
90% of cases of OI (testing results take 1-2 mo)



    Rare Forms of OI 

• There are currently NINETEEN genes associated with OI, but all except COL1 are 
quite rare. Variants in other genes involved in collagen synthesis, structure and processing; post-
translational modification; folding and cross-linking; mineralization and osteoblast differentiation (BMP1, 
CRTAP, FKBP10, IFITM5, P3H1, PPIB, SERPINF1, SERPINH1, SP7, TMEM38B, CREB3L1, TENT5A, 
MBTPS2, SPARC and WNT1)  

• Another autosomal dominant disorder associated with OI which may present with 
fractures in infants is IFITM5. These patients differ from patients with OI caused by 
COL1 in that there may not be prenatal fractures, and the fractures heal in an odd 
way with hyperplastic callus at fracture sites and calcification of the interosseous 
membrane between the radius and the ulna. 

• Other genes which can cause a severe phenotype passed on in an Autosomal 
Recessive fashion include P3H1 (a common variant seen in patients from Asia), 
CRTAP (which can cause significant respiratory disease) and TMEM38B 
(associated with unusual healing and pseudoarthroses)



Hypophosphatasia is a very rare genetic disorder with 
defective mineralization of bone. The severe form can lead to 
stillbirth or severe lung disease and death in the newborn. The 
milder forms show low bone density, increased risk of 
fractures and premature loss of baby teeth with the root still 
attached. There are 7 forms based on age of presentation. 
Infants with severe disease can show blue sclerae, hypotonia 
and lax ligaments and elevated calcium levels 
• Xrays show very washed out bones and signs of rickets. A 

blood test for alkaline phosphatase is very low. Molecular 
testing shows biallelic variants in the ALPL gene or 
Hetozygous ALPL variant with a dominant negative effect. 
Heterozygotes can have mild symptoms. 

• There is treatment with Asfotase Alfa Enzyme replacement 
therapy



   Dietary Osteoporosis/osteopenia 

Vitamin D deficiency is common in children and can easily be diagnosed and 
treated. The normal Vitamin D level is 30-96. 
• Vitamin D supplementation is simple and comes in many forms 

including liquid drops, gummies and tablets/capsules. The amount of 
supplementation necessary is dependent on the severity of the 
deficiency 

• Other food services of Vit D include fortified milk substitutes and 
orange juice. 

The best dietary source of Vit D and calcium is milk. Other dairy products 
also provide calcium including yoghurt, cheese and ice cream 
3 servings of dairy a day is generally recommended 
Calcium can also be supplemented (TUMS, chews) and combined with Vit D



Evaluation of nutritional problems causing Osteopenia/osteoporosis 

• Xray can reveal “washed out” looking bones 
• DEXA scan is gold standard but is difficult to do in young children who cannot sit still. A “Z” score of < 2 is 

consistent with osteopenia. A normal Z score is based on the patient’s age, and pubertal status 

• Blood tests: 
Comprehensive metabolic panel which includes calcium and alkaline phosphatase 
Calcium levels are impacted by total protein and albumen 
25-OH vitamin D 
Phosphorous 
Parathyroid hormone level



Overlap between EDS and genetic 
causes of Fracture 

• Most patients with hEDS do NOT have 
an increased risk of fracture, unless the 
EDS is caused by Collagen 1 variants and 
the patient  has a mild form of OI. 
• hEDS DOES NOT CAUSE FRACTURES IN 

INFANCY!!!!



Increased bruising 

• Bruising is common in patients with connective 
tissue disorders including EDS and OI 
• Unusual patterns of bruising in very young infants, 

or bruising of the face, neck and chest may suggest 
non-accidental trauma (child abuse) rather than an 
underlying genetic disorder. 
• Increased bruising can also be seen in patients 

with Bleeding disorders, but not all patients with 
easy bruising have bleeding problems.



Bleeding Disorders: 

Patients with bleeding problems can show symptoms including: 
• frequent nose bleeds 
• bleeding profusely from sites of minor injury 
• oral excessive bleeding following dental extraction 
• Heavy bleeding with menstrual periods or childbirth 
• Easy bruising 

The three most common hereditary bleeding disorders are 
Hemophilia A (factor VIII deficiency), Hemophilia B (factor IX 
deficiency) and von Willebrand disease.   
Platelet disorders – may include insufficient platelet number 
and/or function 
An Italian study of 141 patients with EDS showed bleeding problems with 80% of patients 
showing abnormalities of platelet function. (Artoni et al)



How do you stop bleeding (hemostasis)? 
• Primary hemostasis starts with platelets and the release of von 

Willebrand factor (vWF) which combine to form a plug at the site 
of injury.   

• Circulating vWF continues to bind with collagen and Factor VIII 
as well as other endothelial substances, allowing the platelet plug 
to stick to the injury. 

• Activation of the clotting cascade occurs, and the initial platelet 
plug will get reinforced to a stronger fibrin clot.   

• A complicated  clotting cascade results in various clotting factors 
becoming activated, with the formation of a clot at the site of 
tissue injury.   

• A deficiency of any of the essential clotting factors or steps 
above will result in difficulty forming a fibrin clot, and 
excessive bleeding can occur.  



Why do patients with EDS blood and bruise more? 
• The tissue itself can be fragile and not be able to bind to vWF 

and platelets to make an adequate clot. The platelets may also 
not function normally. 

• There can be abnormal collagen which makes it hard for the clot 
to adhere to the injured tissue. 

• Because von Willebrand disease is relatively common (1% of the 
general population), a patient may have both a connective tissue 
disorder AND von Willebrand disease. 

Treatments: Von Willebrand disease is treated with DDAVP, which 
stimulates the release of vWF from endothelial cells. 
Aminocaproic acid is a synthetic analog of lysine which promotes 
clot formation.



Rare genetic disorders associated with brain bleeds 

Glutaric aciduria type 1 – a rare autosomal recessive disorder caused by deficiency of 
the enzyme Glutaryl-CoA Dehydrogenase. Patients present with large heads, 
developmental delay and may have dystonia. Posterior Pole Retinal hemorrhage and 
subdural hemorrhage may develop. Minor intercurrent illness can lead to stroke-like 
episodes, usually between 6-18 mo. Diagnosis made on newborn screen, and seeing 
increased 3-OH Glutaric acid in the urine organic acids. Can also do molecular testing 
of the GCDH gene 

Menkes – patients have a history of hypotonia, developmental delay and may have 
seizures. Unusual features include stretchy skin, kinky hair and abnormal facial 
appearance. Patients may present with subdural bleeds and metaphyseal fracture, but 
other physical findings and medical/developmental history are usually suggestive. 
Testing is confirmed by finding a low ceruloplasmin and mutations in the ATP7A gene



Summary 1 

Fractures: 
• Patients with hEDS do NOT have an increased risk of 

fracture as infants and young children unless the 
patient has a variant in a gene such as COL1A1 or 
COL1A2 which predisposes to bony fragility 

• Careful medical history, family history and physical 
exam can help differentiate those patients with a 
suspected genetic predisposition to fracture and xrays 
can help detect findings to make one suspect an 
underlying genetic disorder causing fractures 

• Molecular testing is easy and available to prove 
diagnoses of OI



Summary Slide #2 

Fractures, continued 

• Nutritional problems such as vitamin D deficiency and 
calcium deficiency can contribute to bony fragility.  

• Blood tests for nutritional problems are easy to do and 
treatment is straight forward



Summary Slide #3 

Bruising and Bleeding 
Patients with connective tissue disorders such as EDS 
often have easy bruising and may bleed more easily than 
other children. This is related to abnormal and fragile  
skin and vascular tissue. It may also be related to platelet 
dysfunction 

Easy bruising does not equal child abuse. The 
determination that a child has been abused should be 
made by an experienced multidisciplinary team which 
should include a pediatrician and sometimes a geneticist.



Summary Slide #4 

Bruising and Bleeding, continued 
• While there are rare genetic disorders associated with 

bleeds in the brain, these are different disorders than 
EDS, although sometimes these patients may have 
unusual skin findings. Patients with rare diagnoses such 
as Glutaric Aciduria and Menkes should NOT be confused 
with hEDS. 

• Patients with connective tissue disorders who have 
surgical procedures planned may benefit from a 
Hematology consult to determine if special medications/
interventions are needed.



Thank you for your attention
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