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MODULE 3: Osteoporotic Fractures, Clinical Measures & Research

3.1 The Effect of Osteoporosis

3.1.1  The “Typical” Osteoporosis Patient

Osteoporosis has been called a paediatric disease with geriatric consequences. However, it is easy to assume that an older, frailer person with a kyphotic posture is clearly a ‘typical’ osteoporosis patient. The danger of this assumption is that in fact you may be missing crucial populations who really need to be screened and/or receive clinical intervention by you and your medical colleagues!

Consider these populations who are known to be affected by osteoporosis:
· Post-menopausal women with a fragility fracture
· Medication-induced osteoporosis (chronic glucocorticoid usage)
· Female athlete triad (disordered eating, amenorrhea, low BMD)
· Anorexia nervosa (90% have low BMD at one site)
· Systemic diseases (bowel disorders, RA, endocrine disorders, uncontrolled diabetes, long-term asthmatics)
· Low sex hormone levels in both men and women
· Men aged 50-79, approximately 5% have OP, while over 80 that increases to 20%
· Pediatric populations (e.g., children with CP, spina bifida Duchenne’s MD, those on long-term glucocorticoid therapy or immobilized).

Can you think of a patient you have seen in the last 3-6 months who may have fallen into one of these categories?

Did you ask about their bone health?
Did you about their risk factors (Module 1)? 
Did you prescribe exercise for them?

Consider what you might do differently next time, now that you know what a ‘typical’ person with osteoporosis could really look like!


Take-home message: Osteoporosis affects more populations than you often think of –so always think bone health!
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What does the person look like in your clinical setting, typically? Consider the following characteristics of your patient with osteoporosis:
· Age
· Comorbidities
· Cognitive abilities
· Balance impairment/falls risk
· Postural changes
· With or without presence of fractures
· Soft tissue alterations
· Strength losses
· Presence of low-trauma fractures
· Location
· Severity
· Affect on ADLs
· Presence of Secondary Osteoporosis
· Contributors?
· Risk factors for fracture?

Why do the above factors matter?

Consider the following three scenarios and for each one, decide how your exercise recommendations would vary and why:

1. Two women diagnosed with osteoporosis (exact same BMD) but one is aged 45 and one is aged 71.
2. Two men diagnosed with osteoporosis, same age, one with confirmed vertebral fractures & kyphotic posture, one without.
3. Two women, same age, with a similar kyphotic posture, neither with any confirmed fractures, one with a BMD of -1.2, the other with a BMD of -2.4.





Take-home message:

Planning exercise & activity recommendations for patients with osteoporosis does not follow a recipe.
Individualization of the program will benefit them
more than categorization!
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3.1.2.  Implications of Fractures

As noted previously, the most typical fracture sites in an osteoporotic patient are the hip, wrist and vertebra. Other common sites may also include the following according to recent research27

	Women
	Men

	Vertebral fractures
Hip fractures
Wrist-forearm fractures Humeral fractures Other femoral fractures Rib fractures
Pelvic fractures
Clavicular, scapular, sterna fractures
Tibial and fibular fractures
	Vertebral fractures
Hip fractures
Wrist-forearm fractures Humeral fractures Other femoral fractures Rib fractures
Pelvic fractures
Clavicular, scapular, sterna fractures



Fractures, regardless of the location, have an impact on our patients in many ways: pain, functional limitations, reduced movement, development of complications (sometimes life- threatening), prolonged impact physically, mentally and socially.

For example, below are the clinical consequences that have been attributed to vertebral fractures42



	Symptoms
	Signs
	Function
	Future Risks

	· Back Pain (acute/chronic)
· Sleep Disturbance
· Anxiety
· Depression
· Decreased Self Esteem
· Fear of future: Falls and Fractures
· Reduced QOL
· Early Satiety
	· Height Loss
· Kyphosis
· Decreased Lumbar Lordosis
· Protuberant Abdomen
· Reduced Lung Function
· Weight Loss
	· Impaired ADL’s
· Difficulty Fitting
· Clothes
· Difficulty bending, lifting, descending stairs, cooking
	· Increased Risk of Fracture
· Increased
· Risk of Death



With regards to hip fracture and consequences of morbidity and mortality, the following has been found in the current literature:


· Hip fractures frequently lead to disability.
· More than 26 percent of individuals suffer a hip fracture become disabled in the following year, as the fracture results in disabilities that are in addition to those functional losses that would ordinarily occur in frail elderly adults.
· Due primarily to dementia and the inability to walk independently, nearly one out of five require long-term nursing home care.
· The risk of dying varies by fracture type, 20 percent of all hip fracture patients die within a year1.


Take-home message:

Hip & vertebral fractures are the most common osteoporotic fractures…with the greatest impact
on morbidity & mortality.

Prevention of these fractures can be life-saving.




3.1.3.  Measuring the Silent Fracture

It bears repeating some of the facts and statistics reviewed in Module 1, with respect to vertebral fractures in particular:
· A 50-year-old woman has a 40% chance of developing hip, vertebral or wrist fractures during her lifetime.36
· Patients are at highest risk for subsequent fracture in the first few months following a vertebral fracture. 26
· 1 in 4 women who have a new vertebral fracture will fracture again within one year.31
· Both vertebral and hip fractures are associated with an increased risk of death.

It has been noted that more than 60% of vertebral fractures are ‘silent’ in nature, that is not accompanied by any overt pain or immediate structural changes20. Even more striking is that while these are by far the most common type of fracture in the osteoporotic population, the majority (66%) do not gain clinical attention.47

There are four easy, clinical measures that can help identify these silent fractures.

1. Historical Height Loss (HHL)
As the name suggests, this refers to the amount of height that an individual has lost over his or her lifetime. Simply calculate the difference between a person’s tallest height recalled against their current measured height.

Ensure accurate current height measures by:
· using wall-mounted devices if possible
· careful positioning of patient each time (where the inferior border of the bony orbit is in line with the groove at the top of the tragus of the ear)
· repeat measures 3 times (repositioning each time) and average to the closest millimeter
Practice guidelines suggest that individuals over age 60 with >6cm HHL and individuals under age 60 with >4cm HHL be referred for spine radiographs as this is indicative of present vertebral fractures.

2. Prospective Height Loss (PHL)
For patients being followed over time by a clinician, changes in height between subsequent visits can be monitored (up to a 3-year time frame).
Presence of vertebral fractures is indicated with a loss of >2cm PHL measure.

3. Wall-Occiput Distance (WOD)
This measure is useful in the presence of frank or developing kyphosis.  Since postural compensatory changes may be present, it is important to reveal the upper back, and position the patient against the wall such that:
· back and heels are against the wall
· facing straight ahead
· a measurement of the distance between the wall and occipital prominence is made
WOD greater than 5 cm is indicative of a vertebral fracture in the thoracic spine.

4. Rib-Pelvic Distance (RPD)
Vertebral fractures in the lumbar spine can also cause postural changes and compensations. The distance between the ribs and pelvis (iliocostal distance) can be measured to assess this postural change. In order to measure this:
stand behind patient (who is also standing)
palpate the bottom ribs and iliac crest in the mid-axillary line
determine the vertical distance between the rib and iliac crest by either fingerbreadths or measurement of skin markings.
An RPD of less than 2 fingerbreadths or 3.6cm suggests the presence of a vertebral fracture, likely in the lumbar region.


Adapted from two articles by Kerry Siminoski MD published in the Spring & Winter 2005 issues of Osteoporosis Update.47


Bottom Line Caution:
No single physical exam finding can rule in osteoporosis or fracture without further testing. The above measures are easy clinical tests which would identify patients who may benefit from early screening/BMD testing.

Assessment Tools:

Guidelines for BMD testing are outlined in detail in Module 1. In brief, the following can be applied:
1. Everyone 65+ is recommended to have a BMD test
2. Patients over the age of 50, with risk factors for fracture should have BMD testing
3. Younger men or women (under 50) with a disease or condition associated with low bone mass or bone loss should have BMD testing
4. Clinically determine management decisions using the 10-year absolute fracture risk assessment tools CAROC and/or FRAX

In addition, the following tools have been identified in current research9a to be sensitive and valid in assisting the clinician to make decisions regarding BMD testing.

1. Osteoporosis Risk Assessment Instrument (ORAI)
Calculation of score – points given for:
age: 15pts if 75+; 9 pts if 65-74; 5 pts if 55-65
weight: 9pts if <60kg; 3 if 60-69.9kg
2pts if not currently taking estrogen
Interpretation of score9b:
recommend BMD if ORAI >8
low risk: <9; medium risk: 9-17; high risk: >17

2. Osteoporosis Self-Assessment Tool (OST)29a
Calculation of score:
0.2 x (weight in kg-age in years)
truncate to yield integer
Interpretation of score:
recommend BMD if OST<2
low risk: >1;  medium risk: -3 to 1; high risk: <-3


Take-home message:

Using valid measures for OP screening is best. No one measure will CONFIRM the presence of osteoporosis, merely provide an indicator for further testing (i.e., BMD).


3.2 Current Research on Vertebral Fractures –Implications for ADLs & Rehabilitation

3.2.1 How do fractures develop?




NORMAL	ABNORMAL

ABNORMAL FORCE		NORMAL FORCE BONE	FRACTURE		BONE


Of course, development of vertebral fractures is not entirely that simple. Below is a possible explanation of the more complex process, derived from current research findings7,14,49



Habitual slouching posture, repetitive lifting, or ADLs which encourage flexion of spine





[bookmark: _GoBack]Move the line of gravity anterior to vertebral body increasing flexion moment




Increases spinal extensor muscle activity to counter the flexion moment

10-fold increase in compressive forces on anterior portion of vertebral bodies in thoracic region






Extensor muscle contraction further increases vertebral compression loads & accounts for 92-100% of stress on spine

Resulting MICROFRACTURES of anterior vertebral bodies




PRESENCE of suboptimal bone density



ANTERIOR WEDGING & FRACTURE DEVELOPMENT OF POSTURAL KYPHOSIS


The development of thoracic kyphosis has many impacts on a person with osteoporosis. A few key research findings have been summarized below:
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• Briggs8; 2- Campbell10; 3- Cortet12,13; 4- Ensrud 15;  5-Edmondston14a, 6- Sinaki 48

The current evidence appears to support the proposal that flexed postures & repeated flexion may result in adverse events like falls and fracture in people with poor vertebral bone quality.



3.2.2 Is There Evidence for Extension Exercises?

Laying the Foundation…
In an early exercise study, Sinaki and Mikkelsen51, investigated the effects of 4 different exercise programs on small groups of postmenopausal women with spinal osteoporosis and back pain. Their results demonstrated that the group whose program emphasized lumbar extension exercises had significantly less spinal fractures compared to a similar group who performed flexion exercises, combined extension/flexion exercise or none at all.
Although these results were promising, it is important to note that this was not a
randomized controlled trial and the numbers in each group were fairly small.

Follow-Up Research…
A study which included a 10-year follow up focused on the long-term effect that a two-year progressive resistance back extension program had on post-menopausal, healthy women. Their results revealed that compared to the control group at the 10-year follow-up, those women performing extension exercises had significantly less fractures, greater back extensor strength, than those women not exercising at all.50 Of note, both groups demonstrated similar decreases in BMD and increases in kyphosis at the 10-year follow-up compared to baseline. This study provided no information regarding randomization or allocation concealment and 23% of participants were lost to follow-up, so results should be interpreted with caution.

More Recent Work...
Gold et al.,19 conducted a randomized controlled trial (modified cross-over) using 185 post- menopausal, older women with vertebral fractures. The intervention was a 6-month monitored exercise class and coping classes followed by 6-month of self-maintenance. Exercises included stretches to increase back extension, hip extension & shoulder flexion. Progressive strengthening exercises focused on back extensors, axial muscles groups (i.e., traps), abdominals & hip muscles. Instruction on safe exercise, body mechanics for ADLs and optimal posture was provided.  Ultimately, analysis of results indicated that the intervention group showed improvement in the outcomes of trunk extension strength during Phase I but it declined during the self-maintenance phase. The authors concluded that older women with vertebral fractures can improve trunk extension strength but that the sustainability of these gains are linked to continued intervention.

Hongo et al.,23 investigated the effect of low-intensity back extension exercises with an RCT involving 80 postmenopausal women with osteoporosis. The exercise group performed one set of ten repetition of a simple isometric back extension (from prone) daily. At the 4-month follow-up point, both groups had significantly increased their back extensor strength compared to baseline with a significant difference noted between groups as well. QOL measures improved significantly in the exercise group only.  It appears that simple, low-intensity exercises can have a significant impact on both back extensor strength and quality of life.



Papaioannou et al.41 conducted an RCT with 74 postmenopausal women with at least one vertebral fracture to determine the effect of a 6 –month home exercise program on quality of life. The exercise group completed a minimally supervised program including strengthening with resistance bands, stretching and aerobics (walking commonly) for 60 minutes, 3 times per week. At the 12-month follow-up, the exercise group had demonstrated significant gains in quality of life, with greater correlations of QOL gains found with higher adherence. Investigators reported no significant changes in bone density at the hip or vertebrae.




Research Summary #1:
An osteoporotic vertebral fracture may simply be a ‘weak’ vertebral bone being loaded during activities of daily living. 29,35,37

Research Summary #2: Reduction or avoidance of anterior compressive forces in the presence of damaged or at-risk vertebrae at the very least prevents further damage.




3.2.3 What About Changing Posture?

Briggs et al.,7,8 have stated in their research that it is important for therapists’ treatment plans to include specific strengthening modalities to reduce vertebral loading and that interventions aimed at minimizing thoracic kyphosis may do this.

Authors investigating vertebral bone failure under compressive forces have shown that recovery of cancellous bone height is possible following removal of forces17.
The research was conducted in lab conditions with short-term compressive forces of very high loads to vertebral cancellous bone, with a resulting 94% recovery of bone height following removal of the loads. The authors suggest this recovery mechanism inherent with cancellous bone may be the key in allowing a damaged vertebrae/articular joints to regain original shape (and height!) with little loss of function. There hasn’t been conclusive research on long- term osteoporotic fractures with respect to potential recovery of vertebral height through a similar mechanism.

However, it would stand to reason that unloading activities such as active extension, postural correction and/or avoiding/adapting ADLs which are flexion-based, can reduce compressive loads which MAY prevent further fractures.


3.2.4 What Do We Know about Exercise After Vertebral Fractures?
· The nature of “best exercises” still remains unclear
· Improvements in back extension strength, psychological symptoms, QOL have been noted
· These exercises may improve balance
· Improvements in pain is not a strong finding
· A significant improvement in vertebral morphometry has not been demonstrated
(Gold19, Malmros33, Papaioannou41 Webber53, Hongo23)


Adverse Events HAVE been reported during these programs...
· Fractured costal cartilage during prone exercise
· Fractured rib while rolling from supine to prone
· Metatarsal fracture when 2lb weight fell on foot
· Hip fracture after 6MO physical examination
· Soft tissue pain (neck, back)
· Back pain, unspecified – 2/3 returned to exercise
· Pain during exercise, fall concerns (14/74)
(Gold19, Hongo 22, Papaioannou41)





Take-home message:
No exercise is without risk, but in general, the research indicates:

DO: extension
(with care & appropriate positioning) 
DO NOT DO: flexion


3.3 Osteoporosis Exercise Guidelines
Giangregorio LM et a., Osteoporosis International (2014) 25:821-35

Overarching Guidelines:
1. Adults with OP:
· Engage in a multicomponent exercise programme: includes resistance training in combination with balance retraining
· Do not engage in aerobic training to the exclusion of resistance/balance retraining

2. Adults with OP & Vertebral Fractures:
· As above
· Consultation with a Physical Therapist is recommended

3. Activities of Daily Living Movement Guidelines:
· Recommend that patient modify activities that apply rapid, repetitive, weighted or end-range flexion (forward bending) or twisting torque to the spine.

3.3.1 Guidelines for Clients with Osteoporosis and no Fractures
National exercise guidelines are generally appropriate however, consider additional recommendations:
· Perform weight-bearing aerobic activity most often;
· Progressive resistance training designed to increase muscle strength i.e., 8-12 repetitions at an intensity rating of 5-8 on a 0-10 scale
· Balance training, accumulating 2 hours per week or 20 min per day;
· Daily exercise to ↑ muscular endurance in spinal extensors;
· Spine sparing approach to activities of daily living


3.3.2 Guidelines for Clients with Osteoporosis and Fractures
· National exercise guidelines are not appropriate, so do this instead:
· 150 min/week moderate intensity aerobic activity, performed in bouts ≥10 min
· Vigorous aerobic activity may not be appropriate;
· Progressive resistance training designed to increase muscle strength, emphasis on form/alignment instead of intensity;
· Balance training strongly for all, accumulating 2 hours/week or 20 min/day;
· Daily exercises to ↑ muscular endurance in spinal extensors;
· Perform exercises in positions where spine is least loaded when possible: loads in supine<standing<seated;
· PT/OT guidance on appropriate exercise, alignment, transitions, use of assistive aids, positioning for pain control.
· Spine sparing approach to activities of daily living

3.3.3 Examples of How to Apply Exercise Guidelines

	Exercise Component & Frequency
	Examples/Comments

	Strength Training
≥ 2x/week
	· Exercises for legs, arms, chest, shoulders, back
· Use body weight against gravity, bands, weights*
· 8-12 repetitions maximum per exercise

	Balance Training
~ 20mins daily
	· Standing still: one-leg stand, semi-tandem
· stance, shift weight between heels and toes while standing
· Dynamic movements: Tai Chi, tandem walking, dancing
· Progress from standing still to dynamic

	Aerobic physical activity
≥ 5x/week
(30min/day)
	· Do bouts of 10 min or more
· Accumulate ≥ 30 min per day
· Moderate- or vigorous-intensity (5-8 on 0-10 scale)*

	Posture/ Back Extensor Training
5-10mins daily
	· Lie face up on firm surface, knees bent, feet flat. Use pillow only if head doesn’t reach floor. Do this 5-10 min/day.
· Progressions
1) lying with gentle head press, without changing chin position, perform 3-5 seconds “holds”;
2)  Core activation in standing (see intro to theraband: Videos: www.osteoporosis.ca/after-the- fracture/videos/

	Spine Sparing Strategies during daily activities
	Learn modifications such as a “hip hinge” and “step to turn” so that you can safely perform activities that typically flex (bending forward) or twist spine




3.4 Research Summary: Hip Fractures & Exercise

3.4.1 Post Hip Fracture Exercise

A recent Cochrane review 21 of mobilization strategies post osteoporotic hip-fracture suggested:
· There is insufficient evidence overall to establish the effectiveness of the reviewed mobilization strategies used in rehabilitation after hip fracture surgery (including physiotherapy, treadmill, resistance training & electrical stimulation)
· Limited number of trials, limited power
· Little information about persistence

Two positive RCT studies (Binder 3, Hauer 22):

Concluded that improved mobility occurred with intensive, supervised ongoing exercise/therapy, specifically with significant differences between the exercise and control groups in the following measurements:
· Improved walking velocity
· Less need of walking aid
· Improved measures on the Physical Performance Test
· Improved Stair climbing
· Increased leg extensor strength, decreased fear of falling, improved balance
Interestingly, no change in BMD was found2

What were the characteristics of these two positive trials?
· Exercise was prescribed for 3x/wk for 3 months or 6 months
· Patients were supervised in an outpatient centre, using machines
· Progressive resistive training at 70-90% or 65% max
· Included functional training – walking, stepping, balance activities


More recent work on post hip fracture rehabilitation has revealed:


· Higher intensity, weight-bearing exercise are not better than lower intensity seated or lying exercises for mobility and balance 40
· Increased muscle strength and power with 2x/wk. supervised resistance training for 12 wks.43
· Arm ergometry + inpatient rehabilitation improved aerobic fitness, mobility and balance38



3.3.2. Conflicting Reviews on Walking Benefits

Cochrane Review: Exercise for preventing and treating osteoporosis in postmenopausal women4,5
· 3 studies utilizing walking programs
· comparison to control groups
· walking program: high intensity, 3x/wk, 30-45 minutes
· analyzed results showed walking to have a positive effect on the BMD of spine
1.31[95%CI (-0.03 to2.65)] and the hip 0.92 [95%CI(0.21 to1.64)]


Author’s conclusion: Walking resulted in statistically significant improvements of BMD in lumbar spine and hip. The authors suggest that this program may be easiest, simplest and best program for implementation long-term.

Meta-analysis of walking for preservation of bone mineral density in postmenopausal women34
· Meta-analysis carried out in line with Cochrane Collaboration guidelines
· 8 walking studies reviewed – 5 RCT studies and 3 non-randomized trials
· All utilized control groups
· Walking program amongst 8 studies varied (self-paced, brisk pace, pace based on heart rate, treadmill walking & outdoor walking)
· 8 showed relative change in lumbar spine BMD of 0.39%
· 5 studies examined femoral neck BMD – a relative change of 0.35%

Author’s conclusions: walking as a singular exercise intervention is not sufficient to
preserve BMD at the spine or hip in post-menopausal women.  The effects on BMD may be clinically too small to impact reduction of fractures.




Points to Ponder:

Is improving BMD the only reason you would consider prescribing walking for your client?  If you review research of the effect of prescription medications on BMD, the reports often demonstrate small changes in BMD but large increases in fracture risk reduction percentage. What does this suggest about focusing on BMD changes as the ultimate indicator of an intervention’s success?
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3.4 Other Research to Consider

The Potential of HIGH IMPACT Programs:

The mechanostat theory16 dictates that bone adaptation is a response system likened to a thermostat in which a set point, or minimum effective strain (MES), is determined by
internal & external factors and therefore respond to loads above or below these MES points with either bone formation or resorption. Simply put, load the bone above its natural MES, and it will adapt the bone to support the new demand; conversely, unloading the bone (below its MES) and the BMD will decline to meet its new metabolic environment.

Animal studies have provided information regarding mechanical loading for optimal bone formation:
· Strain from loading must be of high magnitude.
· A high rate of strain provides a greater osteogenic stimulus than same peak strain achieved gradually.
· Bone adaptation is driven by unusual strain distributions and may stimulate an osteogenic response at a lower MES
· Cycles of loading are unimportant beyond a certain threshold30, 39,44


Human research of high-impact loading reveals:
· RCTs investigating brief, high-impact exercise in premenopausal women have shown significant improvements of hip and/or spine BMD1,2,28,52,54
· Similar programs applied to postmenopausal women do not show any significant trends to improving BMD2



Bottom Line

Theoretically, brief, unique, high impact exercise should induce bone formation. Research supporting this theory exists in
premenopausal women, however physiologic factors (i.e., hormonal, co-morbidities, aging) may prevent similar adaptations in older adults, and other factors (pain, restrictions with co-morbidities, fear etc.,) may prevent the safe or successful
implementation of high impact programs in older adults.


[image: ]
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· Exercise reduces the risk of falls and fractures in osteopenic women already at risk24
· A 10-week comprehensive exercise & balance program reduced back pain, improved quality of life and balance33 in post-menopausal women with vertebral fractures
· A 12-week home-based trunk strengthening program enhanced quality of life in postmenopausal osteoporotic & osteopenic women11
· A low-intensity back strengthening exercise program effectively improved quality of life in osteoporotic patients23
· A recent Cochrane review 18 determined that multiple component group exercise, Tai Chi in a group, and individually prescribed multiple component home exercise all reduce the rates of falls and risk of falling.
· If the treatment goal is to prevent falls, a recent systematic review45 indicates that the inclusion of balance retraining in an exercise program is important.  Furthermore, the criterion for a minimal effective exercise dose would equate to a twice weekly program over 25 weeks.  Lastly, the study revealed that exercise programs which did not include walking were more effective in prevention of falls. Therefore, walking 


Module Three Reference List

1. Bassey, E. J., & Ramsdale, S. J. (1994). Increase in femoral bone density in young women following high-impact exercise. Osteoporos Int, 4(2), 72-75.

2. Bassey, E. J., Rothwell, M. C., Littlewood, J. J., & Pye, D. W. (1998). Pre- and postmenopausal women have different bone mineral density responses to the same high-impact exercise. J Bone Miner Res, 13(12), 1805-1813.

3. Binder E.F., Brown, M., Sinacore, D.R., Steger-May, K., Yarasheski, K.E., Schechtman, K.B. (2004). Effects of extended outpatient rehabilitation after hip fracture: a randomized controlled trial. JAMA, 292 (7), 837-46.

4. Bonaiuti, D., Shea, B., Iovine, R., Negrini, S., Robinson, V., Kemper, H. C., et al. (2002). Exercise for preventing and treating osteoporosis in postmenopausal women. Cochrane Database Syst Rev(3), CD000333.

5. Bonaiuti, D., Shea, B., Iovine, R., Negrini, S., Welch, V., Kemper, H.H.C.G., Wells, G.A., Tugwell, P., Cranney, A. (2009). Exercise for preventing and treating osteoporosis in postmenopausal women (Review). Cochrane Database Syst Rev, 1, 1-40.

6. Brenneman, S. K., Barrett-Connor, E., Sajjan, S., Markson, L. E., & Siris, E. S. (2006). Impact of recent  fracture on health-related quality of life in postmenopausal women. J Bone Miner Res, 21(6),  809-816.

7. Briggs, A. M., Greig, A. M., Wark, J. D., Fazzalari, N. L., & Bennell, K. L. (2004). A review of anatomical and mechanical factors affecting vertebral body integrity. Int J Med Sci, 1(3), 170-180.

8. Briggs, A. M., Wark, J. D., Kantor, S., Fazzalari, N. L., Greig, A. M., & Bennell, K. L. (2006). Bone mineral  density distribution in thoracic and lumbar vertebrae: an ex vivo study using dual energy X-ray absorptiometry. Bone, 38(2), 286-288.

9a. Cadarette, S. M., McIsaac, W. J., Hawker, G. A., Jaakkimainen, L., Culbert, A., Zarifa, G., et al. (2004). The validity of decision rules for selecting women with primary osteoporosis for bone mineral density testing. Osteoporos Int, 15(5), 361-366.

9b. Cadarette, S.M., Jaglal, S.B., Kreiger, N., McIsaac, W.J., Darlington, G.A., & Vu, J.V. (2000). Development and validation of the Osteoporosis Risk Assessment Instrument to facilitate selection of women for bone densitometry. CMAJ, 162(9), 1289-94.

10.	Campbell, D. G., Masri, B. A., Garbuz, D. S., & Duncan, C. P. (1999). Acetabular bone loss during revision total hip replacement: preoperative investigation and planning. Instr Course Lect, 48, 43-56.

11. Chien, M. Y., Yang, R. S., & Tsauo, J. Y. (2005). Home-based trunk-strengthening exercise for osteoporotic and osteopenic postmenopausal women without fracture--a pilot study. Clin Rehabil, 19(1), 28-36.

12. Cortet, B., Hachulla, E., Barton, I., Bonvoisin, B., & Roux, C. (1999). Evaluation of the efficacy of etidronate therapy in preventing glucocorticoid-induced bone loss in patients with inflammatory rheumatic diseases. A randomized study. Rev Rhum Engl Ed, 66(4), 214-219.

13. Cortet, B., Roches, E., Logier, R., Houvenagel, E., Gaydier-Souquieres, G., Puisieux, F., et al. (2002).  Evaluation of spinal curvatures after a recent osteoporotic vertebral fracture. Joint Bone Spine, 69(2), 201-208.

14. Duan, Y., Turner, C. H., Kim, B. T., & Seeman, E. (2001). Sexual dimorphism in vertebral fragility is more the result of gender differences in age-related bone gain than bone loss. J Bone Miner Res, 16(12), 2267-2275.

14a Edmonston, S.J., Singer, K.P., Price, R.I., & Day R.E. (1994). The relationship between bone mineral  density, vertebral body shape and spinal curvature in the elderly thoracolumbar spine: an in vitro study. Br J Radiol, 67, 969-975.

15. Ensrud KE, Black DM, Harris F, Ettinger B, Cummings SR. (1997). Correlates of kyphosis in older  women. The Fracture Intervention Trial Research Group. J Am Geriatr Soc, 45(6): 682-687.

16. Frost, H. M. (1987). The mechanostat: a proposed pathogenic mechanism of osteoporoses and the  bone mass effects of mechanical and nonmechanical agents. Bone Miner, 2(2), 73-85.

17. Fyhrie, D. P., & Schaffler, M. B. (1994). Failure mechanisms in human vertebral cancellous bone. Bone, 15(1), 105-109.


18. Gillespie, L.D., Robertson, M.C., Gillespie, W.J., Lamb, S.E., Gates, S., Cumming, R.G., Rowe, B.H.(2009). Interventions for preventing falls in older people living in the community. Cochrane Database of Systematic Reviews, Issue 2. Art. No.: CD007146. DOI: 10.1002/14651858.CD007146.pub2.

19. Gold, D.T., Shipp, K.M., Pieper, C.F., Duncan, P.W., Martinez, S., Lyles, K.W. (2004). Group treatment  improves trunk strength and psychological status in older women with vertebral fractures: results of a randomized, clinical trial. J Am Geriatr Soc, 52 (9), 1471-8.

20. Hajcsar, E. E., Hawker, G., & Bogoch, E. R. (2000). Investigation and treatment of osteoporosis in patients with fragility fractures. CMAJ, 163(7), 819-822.

21. Handoll, H.H., Sherrington, C. (2007). Mobilisation strategies after hip fracture surgery in adults. Cochrane Database Syst Rev, 24; (1):CD001704.

22. Hauer, K. Specht, N., Schuler, M., Bartsch, P., Oster, P. (2002). Intensive physical training in geriatric patients after severe falls and hip surgery. Age Ageing, 31(1): 49-57.

23. Hongo, M., Itoi, E., Sinaki, M., Miyakoshi, N., Shimada, Y., Maekawa, S., et al. (2007).Effect of low-  intensity back exercise on quality of life and back extensor strength in patients with osteoporosis: a randomized controlled trial. Osteoporos Int, 18(10), 1389-1395.

24. Hourigan, S. R., Nitz, J. C., Brauer, S. G., O'Neill, S., Wong, J., & Richardson, C. A. (2008). Positive  effects of exercise on falls and fracture risk in osteopenic women. Osteoporos Int, 19(7), 1077-  1086.

25. Ioannidis, G., Papaioannou, A., Thabane, L., Gafni, A., Hodsman, A., Kvern, B., et al. (2009). Family physicians' personal and practice characteristics that are associated with improved utilization of bone mineral density testing and osteoporosis medication prescribing. Popul Health Manag, 12(3), 131-138.

26. Johnell, O., Oden, A., Caulin, F., Kanis, J.A. (2001). Acute and long-term increase in fracture risk after  hospitalization for vertebral fracture. Osteoporos Int, 12(3):207-14.

27. Johnell, O., Kanis, J. (2005). Epidemiology of osteoporotic fractures. Osteoporos Int 16 Suppl 2:S3-7. 

28. Kato, T., Terashima, T., Yamashita, T., Hatanaka, Y., Honda, A., Umemura, Y. (2006). Effect of low-repetition jump training on bone mineral density in young women. J Appl Physiol, 100: 839-843.

28. Keller, T.S., Harrison, D.E., Colloca, C.J., Harrison, D.D., Janick, T.J. (2003). Prediction of osteoporotic  spinal deformity. Spine, 28 (5):455-462.

29. 29a - Koh LK, Sedrine WB, Torralba TP, Kung A, Fujiwara S, Chan SP, Huang QR, Rajatanavin R, Tsai KS, Park HM, & Reginster JY. (2001). A simple tool to identify asian women at increased risk of osteoporosis. Osteoporos Int. 12(8), 699-705.

30. Lanyon, L. E. (1987). Functional strain in bone tissue as an objective, and controlling stimulus for adaptive bone remodelling. J Biomech, 20(11-12), 1083-1093.

31. Lindsay, R., Burge, R.T., Strauss, D.M. (2005). One year outcomes and costs following a vertebral fracture. Osteoporosis Int, 16:78-85.

32. Magaziner, J., Hawkes, W., Hebel, J. R., Zimmerman, S. I., Fox, K. M., Dolan, M., et al. (2000). Recovery from hip fracture in eight areas of function. J Gerontol A Biol Sci Med Sci, 55(9), M498- 507.

33. Malmros, B., Mortensen, L., Jensen, M. B., & Charles, P. (1998). Positive effects of physiotherapy on chronic pain and performance in osteoporosis. Osteoporos Int, 8(3), 215-221.

34. Martyn-St James, M., & Carroll, S. (2008). Meta-analysis of walking for preservation of bone mineral density in postmenopausal women. Bone, 43(3), 521-531.

35. McCubbery, D. A., Cody, D.D., Peterson, E.L., Kuhn, J.L., Flynn, M.J., Goldstein, S.A. (1995). Static and fatigue failure properties of thoracic and lumbar vertebral bodies and their relation to regional density. Journal of Biomechanics, 28(8), 891–899.

36. Melton, L.J. III, Chrischilles, E.A., Cooper, C., Lane, A.W., Riggs, B.L. (1992). Perspective: how many women have osteoporosis? J Bone Miner Res, 7:1005-10.

37. Melton, L.J., Kan, S.H., Frye, M.A., Wahner, H.W., O'Fallon, W.M., Riggs, .L. (1989). Epidemiology of vertebral fractures in women. Am J Epidemiol, 129(5): 1000-11.

38. Mendelsohn, M.E., Overend, T.J., Connelly, D.M., Petrella, R.J. (2008). Improvement in aerobic fitness during rehabilitation after hip fracture. Arch Phys Med Rehabil, 89(4):609-17.


39. Mosely, J.R., Lanyon, L.E. (1998)  Strain rate as a controlling influence on adaptive modeling in response to dynamic loading of the ulna in growing male rats. Bone, 23:313-318.

40. Moseley, A.M., Sherrington, C., Lord, S.R., Barraclough, E., St George, R.J., Cameron, I.D.(2009). Mobility training after hip fracture: a randomized controlled trial. Age Ageing, 38(1): 75-80.

41. Papaioannou, A., Adachi, J.D., Winegard, K., Ferko, N., Parkinson, W., Cook, R.J., Webber, C.,  McCartney, N. (2003). Efficacy of home-based exercise for improving quality of life among elderly women with symptomatic osteoporosis-related vertebral fractures. Osteoporos Int, 14(8):677-82.

42. Papaioannou, A., Watts, N. B., Kendler, D. L., Yuen, C. K., Adachi, J. D., & Ferko, N. (2002). Diagnosis  and management of vertebral fractures in elderly adults. Am J Med, 113(3), 220-228.

43. Portegijs, E., Kallinen, M., Rantanen, T., Heinonen, A., Sihvonen, S., Alen, M., Kiviranta, I., Sipila, S.  (2008). Effects of resistance training on lower-extremity impairments in older people with hip  fracture. Arch Phys Med Rehabil, 89(9): 1667-74.

44. Rubin, C. T., & Lanyon, L. E. (1985). Regulation of bone mass by mechanical strain magnitude. Calcif Tissue Int, 37(4), 411

45. Sherrington, C., Whitney, J.C., Lord, S.R., Herbert, R.D., Cumming, R.G., Close, J.C. (2008). Effective exercise for the prevention of falls: a systematic review and meta- analysis.  J Am Geriatr Soc, 56(12): 2234-43.

46. Siminoski, K. (2005a). Tools and techniques: Accurate height assessment to detect hidden vertebral fractures. Osteoporosis Update, 9, 4-5.

47. Siminoski, K. (2005b). Vertebral compression fractures. Osteoporosis Update, 9, 4-5.

48. Sinaki, M. (2004). Falls, fractures, and hip pads. Curr Osteoporos Rep, 2(4), 131-137.

49. Sinaki, M. (2007). The role of physical activity in bone health: a new hypothesis to reduce risk of vertebral fracture. Phys Med Rehabil Clin N Am, 18(3), 593-608, xi-xii.

50. Sinaki, M., Itoi, E., Wahner, H. W., Wollan, P., Gelzcer, R., Mullan, B. P., et al. (2002). Stronger back muscles reduce the incidence of vertebral fractures: a prospective 10 year follow-up of postmenopausal women. Bone, 30(6), 836-841.

51. Sinaki, M., & Mikkelsen, B. A. (1984). Postmenopausal spinal osteoporosis: flexion versus extension exercises. Arch Phys Med Rehabil, 65(10), 593-596.

52. Vainionpaa, A., Korpelainen, R., Leppaluoto, J., & Jamsa, T. (2005). Effects of high- impact exercise on bone mineral density: a randomized controlled trial in premenopausal women. Osteoporos Int,  16(2), 191-197.

53. Webber, C.E., Papaioannou, A., Winegard, K.J., Adachi, J.D., Parkinson, W., Ferko, N.C., Cook, R.J.,  McCartney, N. (2003).  A 6-mo home-based exercise program may slow vertebral height loss. J Clin Densitom, 6(4): 391-400.

54. Winters-Stone, K. M., & Snow, C. M. (2006). Site-specific response of bone to exercise in premenopausal women. Bone, 39(6), 1203-1209.

55. Nihgov. (2016). Nihgov. Retrieved 21 January, 2016, from http://www.ncbi.nlm.nih.gov/books/NBK4550

image3.png
P
@




image23.png
P
@




image4.png
y . mwu

may be more
related to
strength®

|
|

\ & risk for




image1.jpeg
r——




image5.jpeg
kene




image2.jpeg
kene




image6.png




image7.jpeg
kene




