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 Discuss significance of trauma to fracture in 
regards to suspicion of underlying pathology 

 Consider pubertal development in relation to 
fracture risk 

 Review workup of child with recurrent 
fractures 

 Discuss efficacy of various treatments to 
build bone strength 
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 “Off-label” product use. There is no FDA-approved mediation to 

treat osteoporosis/skeletal fragility in children. I will however 
discuss the efficacy of bisphosphonate use in children, including 
pros and cons, as published in the medical literature and from 
personal experience.  
 

Presenter: Janet L. Crane, M.D. 
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Trabecular bone 
• Metabolically active 
• Strength 

Cortical bone 
• Strength 

• The body contains 
~1000 g of Calcium 

• 99% of total body 
Calcium is stored as 
hydroxyapatite in the 
bone 

Ca10(PO4)6(OH)2 
 



Bonjour JP, Chevalley T, Ferrari S, Rizzoli R. Peak bone mass and its regulation.  
Pediatric Bone: Biology and Diseases, 2nd Ed. 2012. 



• Bone is metabolically active and takes a tremendous 
amount of energy to maintain. 

• The body builds enough bone to keep the skeleton 
as strong as needed, but minimizes the amount of 
bone built to reduce unnecessary energy 
expenditure. 

• When bone is damaged, the body repairs the 
damage. 



 9.5 yo female with intermittent 
back pain 

 HPI: Normal, healthy active kid. 
Intermittent back pain over 
past 12 months. Severe enough 
to restrict activities, but would 
resolve with rest. 5 months 
prior, fell down about 12 
carpeted stairs. Complained of 
back pain again. After about 2 
weeks, had x-ray of back.  

 Exam: Ht 77th %ile). Wt 79th 
%ile). BMI 77th %ile. Normal 
exam. Prepubertal.  



 14 yo male with 4th forearm fracture 
 Age 11, fx left and right radius and 

ulna, riding bike, pulled front bike, 
and flew over handle bars, closed 
reduction 

 Age 13, fx left radius/ulna, playing 
Frisbee, fell and tripped with full 
force onto left arm, closed reduction 

 Age 13 (3 months later), fx left 
radius/ulna, on canoeing trip with 
friends, chest bumped friend and fell 
backwards, using arm to brace his 
fall, open reduction, internal fixation 

 Age 14, buckle fx right wrist, fell 
backwards from standing, landing on 
outstretched arm, casted 

 
 



 17 yo female, four stress fracture/reactions in 
2 years (metatarsal, tibia), elite cross country 
athlete 

 History of anorexia at 12 years of age, lasted 
1.5 years, lowest BMI was 15.2 kg/m2 (4th%ile, 
z score -1.74), BMI now at 54-64rd % ile). 

 Primary amenorrhea – menses only with 
estradiol 75 mcg patch and provera challenge 





 The finding of one or more vertebral compression (crush) fractures is indicative of 
osteoporosis, in the absence of local disease or high-energy trauma.  

 In the absence of vertebral compression (crush) fractures, the diagnosis of 
osteoporosis is indicated by the presence of both a clinically significant fracture 
history and BMD Z-score ≤ -2, adjusted for age, gender, and body size as 
appropriate.   

 A clinically significant fracture history is one or more of the following: 
 Two or more long bone fractures by age 10 yr; 
 Three or more long bone fractures at any age up to 16 yr. 
 Vertebral compression fracture  (loss of 20% height at any point). 
 Fracture secondary to mild trauma  

 A BMD/BMC Z-score ≥ -2.0 does not preclude the possibility of skeletal fragility 
and increased fracture risk.  

 The diagnosis of osteoporosis in children and adolescents should NOT be made 
on the basis of densitometric criteria alone. 

Bishop N, Arundel P, Clark E, Dimitri P, Farr J, Jones G, Makitie O, Munns CF, Shaw N. Fracutre prediction and  
the definition of osteoporosis in children and adolescents: the ISCD 2013 pediatric official positions. J 

 Clin Densit. 2014 http://dx.doi.org/10.1016/j.jocd.2014.01.004 



When is a fracture pathologic? 





Journal of Bone and Mineral Research 
Volume 29, Issue 3, pages 590-599, 19 FEB 2014 DOI: 10.1002/jbmr.2071 
http://onlinelibrary.wiley.com/doi/10.1002/jbmr.2071/full#jbmr2071-fig-0001 

http://onlinelibrary.wiley.com/doi/10.1002/jbmr.v29.3/issuetoc
http://onlinelibrary.wiley.com/doi/10.1002/jbmr.2071/full#jbmr2071-fig-0001






(Emergency Radiology 2016; 23 (4): 365–375) 
 

https://link.springer.com/journal/10140


EXTRINSIC FACTORS 

 Training regimen 
 Footwear 
 Training surface 
 Type of sport  
 Sprinters, hurdlers, and 

jumpers  foot fractures 
 Long distance runners  long 

bone and pelvic fractures  
 

INTRINSIC FACTORS 

 Gender, age, race 
 Overall fitness level 
 Skeletal, muscle, joint, and 

biomechanical factors 
 Malalignments  

 hyper/hypo-pronation 
 Pes planus/cavus 
 Forefoot or hindfoot varus/valgus,  
 Tibia vara 
 Genu valgum/varum,  

 Limb length discrepancies 
 Tarsal coalition 
 Previous surgeries or trauma to 

the same or opposite limb 
 Joint laxity or instability 
 Muscles weakness or imbalance  

(Emergency Radiology 2016; 23 (4): 365–375) 
 

Treat with modifications to 
activity and address intrinsic 
factors 

https://link.springer.com/journal/10140


 Predisposing factors have been identified as the cause of 
insufficiency fractures with the common entity often being 
osteoporosis (primary or secondary) 

 Evaluate for underlying chronic medical disorder: rheumatoid 
arthritis, metabolic bone disease, neurological disorders, prior 
irradiation, corticosteroid therapy, high-dose fluoride therapy 

 Location of fracture may help discern fatigue versus insufficiency 
 Spine (vertebral compression fractures) 
 Sacrum or pelvis 
 Lateral femoral neck, or  
 Subchondral regions of the femoral head or medial femoral condyle of 

the knee.  
 Treatment: address underlying chronic disease, optimize pubertal 

hormones, consider bisphosphonates 

(Emergency Radiology 2016; 23 (4): 365–375) 
 

https://link.springer.com/journal/10140


Who should be assessed? What should be included in the assessment? 



 Clinical Judgment Required (information 
gained during history) 
 Disease severity 
 Number of fractures 
 Nature of trauma 

 
 Is work-up feasible? 
 Will results change management? 



 Review diet, activity, medications, fractures, family 
history of fractures, pubertal timing 

 
 Physical exam: height, weight, BMI, spine, extremities 

(shape, range of motion, strength), pubertal Tanner 
stage 
 

 Labs 
 Calcium, phosphorus, alkaline phosphatase, magnesium 
 Vitamin D (25-OH and 1,25-dihydroxy-Vitamin D) 
 Intact PTH 
 Urine calcium/creatinine ratio 
 Urine phosphate 
 Celiac screen 
 Thyroid functions tests 



 Chronic illness associated with low bone mass 
 Specific recommendations for CF and childhood cancer 
 Celiac- one year after diagnosis if not compliant with GFD 
 Clinical judgment 
 Disease severity 
 Exposure to potentially harmful medications 
 Bone pain (especially back pain) 
 Spinal deformity 

 Immobilization 
 Osteopenia noted on plain film 
 Recurrent fractures 
 Low impact fracture 
 Fracture occurring from standing height or less 
 



 Should be done by a certified bone 
densitometry technologist, preferably one 
trained in pediatric bone densitometry 

 Interpreted by z-score, adjusted for age and 
height 
 

 If done on Hologic, can interpret at: 
https://bmdcs.nichd.nih.gov/  

https://bmdcs.nichd.nih.gov/


Do they really work? What is the evidence? 



 Reduce/limit modifiable skeletal risk factors 
 Calcium, vitamin D, and protein intake 
 Optimize weight 
 Optimize pubertal status 
 Improve control of underlying disease 
 Limit osteotoxic agents 
 Increase skeletal loading 

 Pharmacological therapy 



Bachrach LK 2007 Endocr Pract 13(5):513-20  

Genetics 
determines 60-
80% of bone 
mass/strength 



 Supplementation with vitamin D if 25-OH 
vitamin D < 15 ng/ml shows some (mild) 
improvement in bone 
 Lumbar BMD    1.7% 
 Total body BMC    2.6% 

 No changes when 25OH vitamin D > 15 ng/ml 
Winzenberg, Powell Shaw, Jones. BMJ. 2011 Jan 25;342:c7254. doi: 10.1136/bmj.c7254.  

http://www.ncbi.nlm.nih.gov/pubmed/21266418


 BMD is positively correlated with childhood 
activity 
 Intervention studies have shown improvement in 

bone mass and size with exercise in children 
 Long-term tennis players have 10-35% greater 

cortical thickness and higher bone mass in the 
playing versus non-playing arm 
 Greatest increase in BMD when started before 

puberty and around the time of puberty 
Lofgren B et al 2011 JBMR 





Fuchs RK, Bauer JJ, Snow CM. Jumping Improves Hip and Lumbar Spine Bone Mass in Prepubescent 
Children: A Randomized Controlled Trial. J Bone Miner Res 2001;16: 148–156) 
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Chapter 9.  

Journal of Bone and Mineral Research 
Volume 29, Issue 10, pages 2182-2192, 26 SEP 2014 DOI: 10.1002/jbmr.2247 
http://onlinelibrary.wiley.com/doi/10.1002/jbmr.2247/full#jbmr2247-fig-0005 

http://onlinelibrary.wiley.com/doi/10.1002/jbmr.v29.10/issuetoc
http://onlinelibrary.wiley.com/doi/10.1002/jbmr.2247/full#jbmr2247-fig-0005


 40% of bone mass is accumulated during Tanner 2-5 
 Bone density shows a high degree of tracking between 

childhood and adolescence 
 Healthy children with low bone density will              

likely continue to have low bone density  
 
 



(Bonjour and Chevalley. Endocrine Reviews. 2014) 



 Low dose estrogens lower estradiol levels to 
subphysiologic levels 

 Low doses may be detrimental to bone health 
 20 mcg of EE appear to lose 1.5% BMD per year  

 Less deleterious effect than DMPA alone 
 (1/3-1/2 rate of loss compared to DMPA) 

 More deleterious effect at younger ages of use  
 7 days of placebo every 28 days allows for greatest 

recovery time 
 Unknown if discontinuation allows complete 

recovery 

(Ziglar and Hunter. J Pharm Pract. 2012 Jun;25(3):331-40. doi: 2012) 

http://www.ncbi.nlm.nih.gov/pubmed/22572223


 DMPA use for 2 years 
 Lumbar spine BMD loss of 5.7-6.8% 
 Hip BMD loss of 3.6-5.8% 

 In 2004, FDA issued Black Box warning to 
limit use to 2 years 

 Discontinuation of DMPA allows full recovery 
of BMD 
 Lumbar spine improves to control in 1.1 years 
 Hip improves to control is 4.6 years 

(Ziglar and Hunter. J Pharm Pract. 2012 Jun;25(3):331-40. doi: 2012) 

http://www.ncbi.nlm.nih.gov/pubmed/22572223
http://www.ncbi.nlm.nih.gov/pubmed/22572223
http://www.ncbi.nlm.nih.gov/pubmed/22572223


 Used because of some clinical trials 
in adults suggesting some benefit 

 Data in children with osteogenesis 
imperfecta shows reduction in 
fractures 
 

 BUT 
 Not FDA-approved indication 
 Remains controversial because 

of inadequate long-term efficacy 
and safety data.  

 Limited to extremely severe 
cases 

 



Representative radiographs from specific patient cases treated 
with various doses of pamidronate. (A and B are same patient 
before and after treatment). 

(Ward K, Cowell CT, Little David G. Quantification of metaphyseal modeling in children treated with bisphosphonates. Bone, 
Volume 36, Issue 6, 2005, 999–1002)   



 Retrospective chart review 
 Included 25 high-performance athletes (88% men), average 

age 25 + 4 years 
 Diagnosed with bone marrow edema by MRI (4 with stress 

fractures) 
 Complaint of pain significant enough to limit or prevented in 

their sports 
 Treated with ibandronate 3 mg IV monthly as needed for 

resolution of pain and return to competition 

(Injury (2014) 45;6:981-987) 

https://www.sciencedirect.com/science/journal/00201383
https://www.sciencedirect.com/science/journal/00201383/45/6
https://www.sciencedirect.com/science/journal/00201383/45/6


SUMMARY 



WHO? 

 Fracture in child with 
chronic illness/disorder 

 Otherwise healthy child 
with multiple long bone 
fractures (2 fx < 10 years 
old, 3 fx > 10 years old) 

 Fractures that don’t make 
sense for the degree of 
trauma 

 Recurrent stress fractures 
in an athlete 
 

WHERE? 

Janet Crane, MD 
Center for Bone Health 
JHU at Greater Baltimore Medical Center 
Towson, MD 21204 
Tel: 410-955-6463       Fax: 410-955-9773 
 
 



 3-5/12 yo female with two fractures 
 1) At 17 months, standing on hardwood floor, 

fell landing with one leg on top of the other. 
X-rays: Right femur fracture  

 2) At 3 yo, standing, mom heard snap, X-rays: 
non-displaced distal tibial metadiaphysis 
fracture 



Presentation of OI is highly variable: 
• Mild form - no deformity, normal stature, and few fractures  
• Severe form – with deformities, hearing and tooth involvement, frequent fractures, 

scoliosis 
Treatment availability is expanding. 
People with OI have lifelong medical issues, but they often lead healthy, productive lives. 



 17 yo male with chief complaint of short stature 
 HPI: diagnosed with a diffuse inflammatory connective tissue 

disorder at 12 years of age, treated with myriad of medications, 
including prednisone (10-60 mg daily for the past 5 years, 1 year 
off), wheelchair bound for several years, although now able to 
ambulate, non-specific back pain 

 Exam: Ht 154 cm (60.6 inches); Wt 54.8 kg (120 lbs). Cushingoid 
features. Tissue calcinosis. Tanner Stage G2PH2. 

 Labs: Testosterone consistent with early puberty, otherwise 
normal labs 

 X-rays: Bone age = 15 years; Lumbar spine = 3 vertebral body 
compression fractures (T10, L1, and L4) 

 Diagnosis: Secondary osteoporosis, pubertal delay, short stature 
 Tx: Testosterone 100 mg IM monthly, pamidronate 30 mg IV q3 

months 



3 vertebral compression fractures 



 Cancer 
 Celiac disease 
 Chronic renal disease 
 Cystic fibrosis 
 Eating disorders 
 Endocrine Disorders 
 Neurofibromatosis 
 Gaucher’s disease 
 Hemophilia 
 HIV/AIDS 

 Muscular dystrophy 
 Nephrotic syndrome 
 Malabsorption syndromes 
 Inflammatory bowel 

disease 
 Osteogenesis Imperfecta 
 Sickle cell disease 
 Seizure disorders 
 Systemic lupus 

erythematous 
 



Disease
No. of 

patients
Fracture 
location Prevalence

Cerebral palsy 619 27%
Thalassemia or sickle cell disease 136 limb 17%

150 verterbrae 13%
Spina bifida 221 limb 20%
Rheumatic disease 90 verterbrae 19%

117 verterbrae 5% (1 year after GC initiation)
134 verterbrae 12.4% (3 years after GC initiation)

Leukemia 155 vertebrae 16% ( 12 months after diagnosis)
186 vertebrae 26% (4 years after diagnosis)

Duchenne muscular dystrophy 143 vertebrae 32%
Nephrotic syndrome 80 vertebrae 8%
Osteogenesis Imperfecta 58 vertebrae 71%
Recurrent limb fractures 66 vertebrae 29%
Transplants
     Renal 106 vertebrae 8%

86 vertebrae 20% (15 years post-transplant)
     Liver 40 vertebrae 18%
     Solid organ 40 vertebrae 35%

196 vertebrae 18% (average of 9 years after transplant)
196 limb 27%
196 all 40%

(Ward LM, Konji VN, Ma J. The management of osteoporosis in children. Osteoporos Int. (2016) 27:2147-2179) 



 13 month old male with leg swelling 
 HPI: Playing in room with older brother, 

parents heard a crash. Infant was crying and 
noted to have leg swelling.  

 PMH: healthy, born full term 
 FH: no frequent fractures, no bowing of legs 
 SH: Infant born in US; parents speak limited 

English, first language is Bengali  







Nutritional Deficits 

Vitamin D deficiency ↑ ↓ - nl ↓ - nl ↑ ↓ ↓ - ↑ ↓ ↓ 

Calcium deficiency ↑ ↓ ↓ - nl ↑ nl nl - ↑ ↓ ↓ 

Genetic Disorders 

Hypophosphatemia ↓ - nl nl ↓ nl - ↑ nl ↓ - nl nl ↓ 

Vitamin D resistance ↑ ↓ - nl ↓ - nl ↑ nl ↑ ↓ - nl ↓ - nl 

Hypophosphatasia nl nl -↑ nl -↑ ↓ nl nl nl -↑ ↓ - nl  

If 25-OH vitamin D is normal, calcium intake is adequate and the child still has 
rickets, please refer. 







 From the sun: 
 Blocked by epidermal melanin 
 Requires direct UVB radiation (which occurs ~10AM-3PM in spring, 

summer, and fall) 
▪ In summer, for pale skin: 4-10 min; dark skin 60-80 min assuming 20% of skin 

exposed 
▪ In winter, UVB rays above 37 degrees latitude are decreased by 80-100% 

 In Food:  
 Less than 10% is derived from dietary sources 

 In Breastmilk: 
 Averages 22 IU/L (range 15-50 IU/L) 
 Supplementing mothers with 4000-6400 IU daily may suffice 

 In supplements: 
 Cholecalciferol content of OTC pills varies greatly (65-130%)  
 Brands with a seal from USP or NSF International have been 3rd party 

tested to verify pills contain 90% to 110% of the active ingredient 
 

Misra M, Pacaud D, Petryk A, Collett-Solberg  PF, Kappy M. Vitamin D Deficiency in Children and Its Management:  
Review of Current  Knowledge and Recommendations. Pediatrics 2008;122;398 

AND JAMA Intern Med. 2013;173(7):585-586.  
 



Am J Clin Nutr 60:619, 1994 

Without 
sunscreen  

SPF 8 
sunscreen 

MED = minimal erythema dose – i.e how long a person can stay in the sun before getting a 
minor sunburn 



 5-15 minutes of sun exposure 2-6 times per week 
to the face, arms, hands, or back without 
sunscreen is usually sufficient to provide 
adequate vitamin D  (between 10am-3pm) 
 Depends on time of year (see below) 
 African Americans may need six times the UV 

exposure compared to whites 
 Season, latitude, time of day 
Above 35 degrees north latitude (Atlanta), little or no 

vitamin D3 can be produced from November to 
February 

 





Misra M, Pacaud D, Petryk A, Collett-Solberg  PF, Kappy M. Vitamin D Deficiency in Children and Its Management:  
Review of Current  Knowledge and Recommendations. Pediatrics 2008;122;398 



 
 

Elder CJ, Bishop NJ. Rickets. Lancet. 2014 Jan 9. pii: S0140-6736(13)61650-5. doi: 10.1016/S0140-6736(13)61650-5 

Prevention 



Saggese, Vierucci, Boot, Czech-Kowalska, Weber, Camargo, Mallet, Fanos, Shaw, Holick. Eur J Pediatr (2015) 174:565–576. 



 50,000 IU by mouth every 4-6 weeks 

Holick MF et al. 2008 JCEM 93(3): 677-681                     Gordon CM et al 2008 JCEM 93(7):2716-2721 



 If BMI > 30 kg/m2, body fat sequesters 
vitamin D making it less bioavailable to the 
body 

 Obese individuals may need at least twice the 
amount of vitamin D  



Weizhaar, Rajan. Pediatr Res. 2015 Feb;77(2):370-5. doi: 10.1038/pr.2014.190.  

http://www.ncbi.nlm.nih.gov/pubmed/?term=Tom+Weishaar1+and+Sonali+Rajan1
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