 
 Module 7   Osteoporosis 
Definition: 
Is the most common metabolic bone disorder. A condition of skeletal fragility characterized by reduced bone mass and microarchitectural deterioration predisposing a person to an increased risk of fracture. 

Mechanism
· A failure to achieve adequate peak bone mass
· An increase in bone resorption 
· A reduction in bone formation 
 
Clinical features
· Asymptomatic 
· Fragility fractures are the main consequence: Hip and vertebral # are most common, 
                                                                                   Colles’ and humeral, pelvic # are common in the elderly
 
· Risk factors for osteoporosis 
(1) Previous fracture
(2) Genetic factors: Family history (influence bone size ,shape, peak bone mass) 
(3) Diet: low Ca2+, high Na+, high Protein intake (negative effects on renal Ca2+ handling), low vit D
(4) Exercise: Inactivity, endurance training ( if induces hypogonadism, causes reduction in bone mass)  
(5) Excess alcohol( complex effect on bone mass by affecting Ca2+ absorption, direct effect on osteoblasts, impair VitD metabolism, associated with hypogonadism) , Smoking (negative effect on bone mass, increases with exposure)  , 
(6) Low body weight, anorexia nervosa 
(7) Hypogonadism: Amenorrhea 6 months (2ndary to exercise, weight loss, excluding pregnancy), Late menarche, premature menopause (<40y). Hypogonadism in male
(8) Medication: Glucocorticoids, Anticonvulsants, heparin, Thyroxine 
(9) Secondary cause: 
- Endocrinopathy (Cushings, Hyperparathyroidism, hyperthyroidism, osteomalacia, hypopituitarism, hypogonadism T1DM),
- Chronic inflammatory condition: RA, Asp Coeliac
- Bone condition:  myeloma, Osteogenesis imperfecta 
            -  who to screen
                 1. minimal trauma fracture
                 2. Women<65 y. risk factors osteoporosis
                 3. Women aged >65 years and men aged >75years
                 4. Glucocorticoid >6 months 

Diagnosis : 
1. BMD (bone mineral density): 
· Measure L1-L4 and proximal femur 
· Using DEXA (Dual-energy x-ray absorptiometry) scanning 
· T score: No of SD (standard deviation) from reference mean young population.  
· Z score: No of SD from reference mean age + sex matched population 
· T score of <-2.5 (osteoporosis) T score -1.0 to -2.5 (Osteopenia ) 
· Indication: 1) fragility # after 40yo, 2) 65yo; 3) <65 but with risk for osteoporosis, 4) System steroids >6mons. 5)monitor tx efficacy 
 
2. FRAX: 
3. Garven 

Other investigations 
1.  Bone turn over markers 
1) Resorption: Urinary pyridinoline cross link
2) Formation:  
- Propeptides of type I procollagen (PINP, or PICP)
   (assess adherence to oral bisphosphonates, or assess response after treatment is initiated or discontinued).
- Bone specific ALP 
- Osteocalcin ( or GLA protein) 
2. Others: 
1) Bone profile: Ca, PO4, ALP, PTH, VitD
2) Renal function, TSH, LFT
3) Inflammatory markers: ESR CRP 
4) Myeloma screen: Serum Immunoglobulin, Protein electrophoresis, Urinary Bence Jones protein. 
5) Others: coeliac, urinary cortisol, Testosterone, oestradiol. LH, FSH, prolactin. 

Treatment: 
1. Lifestyle modification: 
- increasing oral Ca intake (500-1000mg/day) (↓20—30% peripheral fracture, may associated with vascular events)
- Weight -bearing exercise: >= 30 min weight bearing exercise daily 
- maintain healthy BMI (20-25)
- Smoking cessation, 
- Low alcohol intake(<= 2 drinks per day, >= 2 alcohol-free days per week)
- adequate sun exposure 
- Older people at risk of Vit D deficiency should start supplement and +/- dietary intake of Ca2+ 
2. Bisphosphonate 
  * Osteoporosis NZ guideline:  if  10-y hip FRAX risk ≥ 3% or T score≤ -2.5 bisphosphonate 
 * Mechanisms: Inhibition of osteoclast function  ongoing bone formation.    
	  Etidronate
	* 60% reduction in vertebral fractures in year 2 and 3
* No evidence to prevent hip, peripheral #
* Ca usually needed 
* 400mg /day x 14 d. Q3monthly 
* side effects rare 
	Alendronate 
(Fosamax) 
	* 51% reduction in Hip #, 47% in vertebral #
* 90% reduction in pt with multiple vertebral #
* Increase bone density by 6% over 2 years ( 2x more than etidronate) 
* SE: oesophageal ulceration. 
* Instruction: empty stomach, 30min before breaky, flushed down with a full glass of H2O, remain upright. Once /week 
Drug holiday after 5 years if BD out of osteoporotic, no new #. (if PINP<35 indicating good adherence) 

	Residronate 
	* less likely to cause GI sx than Alendronate 
* equally effective 
* not funded in NZ  ($500 annually) 
	Ibandronate
	Once a month oral dose 

	Zoledronate
(Aclasta ) 
	* IV , yearly  5mg in 100ml NS over 15-30min.
*  T score <-3.0 or 
<-2.5 with 1 #  OR 
 >75y. unable to scan 
10 y FRAX risk ≥ 3%
on steroids and  T ≤ -1.5 or 1#  or SA already 
* Must be used with Vit D
* Contraindicated if CrCl <35ml/min 
*SE:  transient fever , flu-like sx, less GI sx, 
      Osteonecrosis of the jaw, atypical femur #. 
	Pamidronate 
	IV
30-60mg in 250ml NS over 1-2 hours 3monthly
Used for acute pain in those with vertebral fractures unresponsive to conventional analgesia 



3. Calcitriol (a biologically active form of vitamin D3----1,25 dihydroxy Vitamin D) 
- now rarely used for osteoporosis in NZ. –mainly used in hypophosphatemic ricket and renal failure. 
- 0.25mcg BID 
- in combination with either HRT or bisphosphonates, it may ↑response at the femoral neck. 
-No effect on # rate within 1st year, but significant reduction in vertebral fractures in 2nd and 3rd year. 
- BMD ↑1% per year
- SE: hypercalciuria , rarely as renal calculi 

4. Vitamin D (Calciferol forte 50000 IU) 
- Loading dose: 50,000 IU OD for 10 days, then Monthly. 
- Or 800 IU daily 
- Calcium+ Vi t D are more effective than Ca alone. 

5. Raloxifene: 
- a selective oestrogen receptor modulator (E like effect at bone and cardiovascular system) 
- Bone mass effect: 50% less effective than HRT
- Fracture reduction: 50%  reduction in vertebral fracture over 2 years . Does not reduce peripheral fracture 
- Breast cancer: 90% reduction in incidence of breast cancer 

6. Strontium : Well tolerated . 40% reduction in vertebral fracture and hip fracture .  Good alternative if cant tolerate bisphosphonate. 
7. Denosumab: monoclonal antibody against RANKL. 6 monthly injection. 
8. PTH: ( Teriparatide ): SC injection daily.  ↓# by 70% ,  ↑bone volume by 80% 

9 HRT 
* It is likely to be safe in patient <60 y. or within 10 y of menopause. 
* Not recommended: >60y. patient with breast cancer, vascular disease
* Testosterone replacement can be considered in all hypogonadal males
10. Consider fall risk 
- review antihypertensives, hypnotics 
- safe environment
- physiotherapy
 - hip protectors 
	Drugs 
	Mechanism of Action
	Side effect 

	Ca2+ and Vit D 
	Reduces hyperparathyroidism of increasing age
	Hypercalcaemia, CVD event (Endogenuous Ca2+

	Bisphosphonates 
	-Inhibition of osteoclast activity
-Increased osteoclast programmed cell death
-Slowing of the remodeling cycle allowing full mineralization of new bone to occur 
	Oesophagitis 

	PTH (Teriparatide) 
	- Large increase in bone formation(anabolic) 
- Modest increase in resorption
- Increased periosteal apposition (deposition of bone on the surface to increase strength) 
	Headache , hypercalcaemia, nausea , leg cramps

	Strontium ranelate
	Not fully understood. 
	Diarrhea headache, nausea deep vein  thrombosis 


	HRT
	Reduces bone resorption by blocking cytokine signaling to the osteoclast
	Risk of breast cancer, DVT, Increased CVD risk

	SERMs (selective oestrogen receptor modulators)
	Reduces bone resorption
	Increased DVT risk and hot flushes ( reduction in breast cancer risk) 

	Denosumab 
	Inactivates RANKL and so inhibits osteoclast maturation
	Usually well tolerated, but may cause diarrhea, headache, nausea and tiredness 

	Romosozumab 
	Blocking sclerostin 
	



Risks and benefits of hormone replacement therapy  
	Symptoms of menopause
	1. Proven efficacy for the reduction of hot flushes (superior to non-hormonal therapies) 
2.  Could be beneficial for symptomatic relief and for improving quality of life
   * Depressive mood
   * Irritability
   * Sleep disruption 
3 Vulvovaginal sx >60y.  
    Local therapy better than system 
	Osteoporosis 
	1. Significant reduction in fracture with HRT(greater in <60 y.)
   - Dose dependent (higher doses being more effective) 
   - adding Progestogen does not interfere with benefit. 

 can be used for women with high risk of osteoporotic fracture despite menopause symptoms 

	
	
	Mortality changes 
	20-40% reduction in all-cause mortality with the use of oestrogen. 

	Coronary heart disease 
 
	1. Young healthy women within 10y. of menopause onset or <60 y.o do NOT have ↑CVD risk.

2. E alone in 50-59y, significantly ↓ coronary calcification protective effect of HRT 

3. Younger with some CVD risk non-oral E(Transdermal E does not ↑ MMP, PE/DVT) 

4. Older(>60y.o) and with CVD +/- high CVD risk
 HRT may cause additional events within the first 1-2 years of use (Early harm: more coronary events during the first 2 years of HRT : Oestrogen induces MMP dissolve away plaque causing plaque instability rupture, thrombosis) 

5. Older women ≥ 10y from onset of MP, HRT should be used with caution. Low dose non-oral regimen advocated. (Early harm) + less effect
(loss of receptors Erα,  methylation of Erα and interference by 27-hydroxycholesterol  inhibit E action) 
  
	Stroke risk
	1. 2015 Cochrane analysis did not find ↑risk in younger (<60y) women. 
2. Moderate to high doses of oral E may have increased risk of stroke (non-oral E does not)  

	
	
	Venous thrombosis 
	1. ↑ risk two fold (6 to 11 /1000 cases per year)
2. dose -related ,  
3. Transdermal estrogen does not increase risk
4. Increase with age
5. 5-10 fold increase if known thrombophilia 
6.  Progestogen increases risk further
7.  events tend to occur in first 2 years. Decreases with time 

	
	
	Cancer risk 
	1. ↑ breast , endometrial and ovarian cancer risk
-E+ P has greater risk for breast cancer than E alone, particularly with certain P (MPA) (Breast cancer pt when on HRT have decreased mortality)
- E alone up to 7 years does not increase br cancer
 
- E alone has higher risk for endometrial cancer ( + P reduced the risk)  
- Controversy finding with ovarian ca risk( small ↑/not statistically significant/ long-term decrease by 20%) 
2. ↓ Colon cancer ( by 20% ) 

	 Cognition
	1. No benefit in older (> 65y) 
2. Decreased risk of Alzheimer’s with HRT in younger patient.  
	Other adverse effects
	1. breast tenderness
2. Abdominal bloating
3. Mood changes 
4. Uterine bleeding
5. Idiosyncratic elevation of Bp with oral oestrogens



Recent guidelines re HRT 
	Cancer risk
	1. E+ P recommended for women with uterus, but E only for post hysterectomy patient 
2. Reduced interval of use owing to concern re breast cancer. jmk
3. Intermediate Breast cancer risk: avoid HRT. 
	CVD risk
	1. 5-10% /moderate risk: use transdermal therapy
2. >10% risk/high risk: avoid HRT 

	Osteoporosis risk
	HRT recommended even without menopause sx.
	
	


 
 

Hip Fracture 
Definition: A fracture of the femur above a point 5cm below the distal part of the lesser trochanter. 
Classification: 
- Intra-capsular #: fracture of the sub-capital and mid-cervical region of the femoral neck (may affect the blood supply, nonunion common) 
- Extra-scapular #: fracture at the base of the neck or in the trochanteric region   

	Demographic of Hip #:  
	1) Average age 82y.  
2) F> M (69% F)  
3) Residents of institutions 40%   
4) Concurrent comorbidities: CHF, IHD, dementia, stroke (> 20% of admissions) . 50% have 2 or more diagnosis.                             
5) Rate doubled over past 10-15 years (Likely due to a)  a marked increase in the very elderly in society, b) age-specific incidence of hip # is rising) 
6) Prior # doubles risk of future #

7) at 50y.o. lifetime risk of #: 53% (F), 21% ( M)
8)29% admission to residential facilities: older, live alone, fewer family supports

	Complications: 

	- Death rate 8.2% (30days), 26% (one year), 70% ( those  albumin<30g/l)  
-Pneumonia (6%), 
-PE(3%), 
-UTI (20%), 
-CVD (14%) , 
-Neurological complications (24%) 


	
	
	Worse prognosis 
Associated with
	1)Advanced age, 
2) Male, 
3) Pre-existing illness or disability, 
4) Demential or delirium, 
5)Severe osteoporosis, 
6)Delayed OT.


	Risk Factors for fall:  

	  - Sedative use
  - Postural hypotension
  - Female 
   -Poor vision
  - Confusion
  - Gait impairment
  - Hazardous home environment 

	Risk factors of hip fracture 
	1. Low BMD (T<-2.5) 
2. Previous hip fracture (4x) 
3. Family history of hip fracture
4. Smoking 
5. Age (>80)
6. Low BMI <18.5 
7. Female 
8. Medications increase risk of fall
10. Wandering 
11. Hx of falls 


	Cost of hip #
	$26000 per episode
98% treated with surgery. 
Median length of stay acute ward 6.2days 
	Usual Cause of hip #
	Fall:  95% result from a fall. 




Vertebral fracture 
* Usually occurs after 50y. 
* Treatment: analgesia (paracetamol +/- NSAIDs +/- Nefopam or opiates ) . PT, transient bed rest. Hot packs. TENS 

Other fractures 
Wrist > Humerus > Pelvic fracture 


Osteomalacia and Rickests 
- Inadequate mineralization of bone due to Vitamin D deficiency 
- Osteoid throughout the skeleton is incompletely calcified, and the bone is therefore ‘softened’
- Are different expressions of the same disease: before cessation of growth( Rickets) , after cessation of growth ( Osteomalacia) 
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Description automatically generated]Vit D metabolism 
- Ultraviolet radiation turns 7-dehydrocholesterol ( precursor) in the skin to Vit D 
-  7-dehydrocholesterol  Cholecalciferol (Vit D3)  ( in skin) 
   25 hydroxycholecalciferol (25OH Vit D: Cardidiol.  (in the liver)
   1,25-dihydroxycholecalciferol (1,25 OH Vit D: calcitrol) (in the kidney) 


 
Clinical features 
Rickets: 
1. Craniotabes of the skull (softening or thinning of the skull in infants and children) 颅骨软化
2. Enlarged epiphyses of wrists 
3. ‘Rickety rosary’ of osteochondral junctions (expansion of the anterior rib ends at the costochondral junctions 串珠肋  
4. Harrison’s sulcus in the rib cage 
5. Bow, knock knee 
6. Floppy baby 
7. Dental abnormalities 
8. Delayed growth 

Osteomalacia 
Symptoms: bone pain, proximal myopathy with normal CK. Pathological fracture, polyarthrialgia 
Signs: Bone tenderness, waddling gait, proximal weakness, tetany(Due to hypocalcaemia), Positive Chvostek’s sign (a twitch of the facial muscles that occurs when gently tapping an individual's cheek)
Radiology: Low BMD.  Looser’s zone (cortical fractures on the compression side of the bone), Pathological fractures, demineralization, features of hyperparathyroidism – chondrocalcinosis, subperiosteal erosions 
Biochemistry: Ca2+ N or low. Phosphate: N or low, Bone specific ALP:  N or increased. 25OH Vit D-low. 1,25OH Vit D: N or low. PTH: high. 
Histology: excessive osteoid and reduced mineralization. 
Management: Vit D replacement, Sun exposure. Ca supplement 

Causes of Vit D deficiency
- Inadequate sun exposure (Major cause) : sun cream, practice of purdah, dark skin (SPF of 15), increased angle at which the sun reaches the earth 
- lack of precursor of Vit D in skin (aging), 
- Obesity (Due to sequestration of vit D by the large body fat pool) , 
- Medication (antiseizure meds, glucocorticoids). 
- Diet deficiency (Minor cause) 

Vit D physiology 
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