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Exercise and osteoporosis



Healthy knee joint Osteoarthritis

Femoral

Hip fracture due to
osteoporosis

Healthy bone Osteoporosis




Changes in bone mass with age

Peak bone mass
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(1) definition of T-score T-score X = (BMD- peakBMDX )/ SDx
(2) rearrange BMD - peakBMDX = T-scorex *SDXx

T - SCO re (3) rearrange BMD = (T-scorex * SDX ) + peakBMD x
(4) white female T-score WF = (BMD -.858 )/.120
(5) substitute BMD from 3rd equation T-score WF = ((T-scorex *SDXx ) + peakBMD x -.858)/.120
white male = ((T-score WM * .137) +.934-.858)/.120
black female = ((T-score BF *.133) +.950-.858)/.120
black male = ((T-score BM *.168) + 1.074 - .858) / .120
Hispanic female = ((T-score HF *.111) +.874 - .858)/.120
Hispanic male = ((T-score HM *.137) +.982 - .858) / .120
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WHO IS AT RIsSK ?72::

Risk factors you cannot change include:
» Gender. Women get osteoporosis more often than men.
» Age. The older you are, the greater your risk of osteoporosis.

» Body size. Small, thin women are at greater risk.

» Ethnicity. White and Asian women are at highest risk. Black and Hispanic
women have a lower risk.

» Family history. Osteoporosis tends to run in families. If a family member
1r:1as osteoporosis or breaks a bone, there is a greater chance that you will
00.
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THE REDUCTION IN FUTURE
FRACTURE RISK BY EFFECTIVE

DRUG TREATMENTS

FOR PATIENTS PRESENTING WITH
FRAGILITY FRACTURES

TIN5 MEN & 1IN 3WOMEN

® O ® O
WILL SUFFER FROM AN OSTEOPOROTIC
FRACTURE DURING THEIR LIFETIME

iR

0%

OF CANADIANS WHO SUFFER A
FRAGILITY FRACTURE

AND DO NOT RECEIVE TREATMENT

FORTHEIR UNDERLYING
OSTEOPOROSIS




Other risk factors are:

» Sex hormones. Low estrogen levels due to missing menstrual periods or to

menopause can cause osteoporosis in women. Low testosterone levels can bring on
osteoporosis in men. [During menopouse,bone loss can range from 4 to 8%]

» Calcium and vitamin D intake. A diet low in calcium and vitamin D makes yo

more prone to bone loss. [In Malaysia most people hate drinking milk and hence
increase their probability towards osteoporosis]

v

Medication use. Some medicines increase the risk of osteoporosis.

Too Much acidity in Food. As the blood must be a neutral pH, your body pulls
calcium from the bones to neutralize the acidity. This is often the major factor in the
development of osteoporosis

v

Activity level. Lack of exercise or long-term bed rest can cause weak bones.

Smoking. Cigarettes are bad for bones, heart, and lungs.

Drinking alcohol. Too much alcohol can cause bone loss and broken bones.

vV v Vv Vv

Lack of magnesium may be the cause of osteoporosis.

Calcitonin relies on magnesium to function properly.




Some truths about the “alkaline diet”

éb An acid-producing diet does not leach
calcium from your bones

Blood pH is tightly controlled between

L I i 7.35and 7.45 — slightly alkaline (Diet
@55 has little or no influence on this)

sosiiB] The body regulates pH
It11®3  independent of the diet.

The promotor of the diet Robert O.
Young, was sentenced to prison for
practicing medicine without a license.

-\
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An alkaline diet does not prevent
or cure cancer as claimed

Proponents measure pH of urine
but this does not tell you anything
about blood pH

Bottomline.... ltis a
stubborn myth.



OSTEQFPOEQSIS EISE FACTOES

e Sedentary Lifestyls

“Aocess” (leads to) Osteopornsis




Bone Health Building Blocks
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Bone Growth/Loss
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Fig. 13.2 Consequences
of a fall
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Risk of falls consists of extrinsic and intrinsic factor

Table 7.4 Extrinsic factors Inappropriate footwear

Insufficient ambulatory aids

Environmental (1.e., poor illumination, unevensurface,
loose carpeting, slippery floor, etc.)

Pets




Table 7.5 Intrinsic factors

Visual impairment

Vestibular changes

Impaired proprioception

Cognitive decline/CNS degeneration

Postural changes, imbalance, gait unsteadiness

| coordination, | agility
| muscle strength (48% risk)
1 joint flexibility

Orthopnea — postural hypotension — cardiovascular deconditioning

latrogenically reduced alertness: | antidepressants, use alternatives if possible, | use of allergy




Central and Peripheral Nervous System Factors
Required for Steadiness of Gait

Somatosensory cortex

Input: Frontal cortex

Vestibular system
Visual system
Sensory nerves

Limbic system

Nervous System Output:
Frontal cortex planning
Basal ganglia
initiation automatisation
Brainstem

integration

Support System: Cerebellum

Cardiovascular system

coordination, adaptation

Bones Spinal cord
Muscles spinal pattern generators
Joints Nerve roots
Ligaments Peripheral nerves
Feet (both motor and sensory)

Receptor

Grey matter

Sensory Interneuron
x neuron

Traverse section matter
through spinal cord

Motor nerve fibre

Effector (muscle)

Fig. 15.7 This illustration indicates physiologic factors whose function contributes to norm

locomotion







Table 5.2 Recommended dietary allowance of calcium and vitamin D (adapted from the Food
and Nutrition Board of the Institute of Medicine, 2004)

Age, years Calcium (mg/day) Vitamin D (IU/ day)
1-3 700 600
4-8 1000 600
9-18 1300 600
19-50 1000 600
S1-70 (male) 1000 600
S1-70 (female) 1200 600
Greater than 70 1200 300
Pregnant and/or nursing women <19 1300 600
Pregnant and/or nursing women 19-50 1000 600




Table 5.1 Calcium content of common food items

Food item, serving size Calcium content (mg)
Milk (skim, 1%, 2% or whole), 1 cup 300
Low-fat yogurt, 6 oz. [~180 g] 310
Cheese

American, 1 oz. [=30 g] 125
Cheddar, 1 oz. [~30 g] 200
Swiss, | oz. [=30 g] 270
Spinach (cooked), V2 cup 120
Broccoli (cooked), ¥2 cup 50
Kale (cooked), ¥2 cup 90
Orange juice (calcium fortified), V2 cup 250
Almonds, 1 oz. [=30 g] 70
Salmon (canned with bones), 3 oz. [~90 g] 180
Macaroni and cheese, 1 cup 200




Food Portion Vitamin D content per portion

Wild salmon 100 g ~ 600-1,000 IU vitamin D,
Fish farming salmon 100 g ~100-250 U vitamin D,
Canned sardine 100 g ~ 300 IU vitamin D,
Canned mackerel 100 g ~ 250 U vitamin D,
Canned tuna 100 g ~ 230 IU vitamin D,
Cod liver ol 5 mL ~ 400-1,000 Ul vitamin D,
Egg yolk 1 unit ~ 20 IU vitamin D,

Fresh mushroom 100 g ~ 100 IU vitamin D,

un dried
ushroom

100 g ~ 1,600 IU vitamin D,

ted from ref. 3.



i& Vitamin D necessary for calcium absorption




» 10-15 minutes exposure of hands, arms and face 2-3 times/week may be sufficient
(depending on skin sensitivity).
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Protein intake and bone . I
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Dietary Protein Intake
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=P Represents a pathway
through which dietary protein
may positively impact bone.

= =p Represents a pathway
through which dietary protein
may negatively impact
bone.
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» There was a lower fracture risk in persons consuming between 0.5 and 1.0 drink per
day (OR 0.8, C1 0.71-0.91) when compared to abstainers.

» However, increasing consumption to greater than two drinks daily increased the risk
by 40% (Cl 1.08-1.79).

» One alcoholic beverage a day is equivalent to 1.5 oz. [=40 mL] of hard liquor, 12 oz.
[=350 mL] of beer, or 5 0z. [=140 mL] of wine.
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» Vitamin K is a cofactor for the metabolism of osteocalcin,

an important component of the bone extracellular matrix
[13].

» Vitamin K has also been shown to positively affect
calcium homeostasis and may work synergistically with
vitamin D [14].

» Epidemiologically, vitamin K has been shown to be
beneficial to bone health with higher vitamin K intake
associated with higher bone mineral density and lower
risk of fracture [15].

However, data from randomized controlled trials
assessing the efficacy of vitamin K supplementation on
improving bone density and /or reducing fracture risk has
been inconsistent [16].
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Arugula

Brussels Sprouts

Vitamin ‘K Rich Foods

Green Apples

Napa Cab-b

age

Green Grapes

Green Pears

@

Broccoli

Green Beans

T\

Celery

Cucumber

Belgian Endive

Honeydew Melon

Articokes

Broccoli Rabe

Cabbage

Kale



Phosphorus, Magnesium, and Strontium
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Medscape®

Mutrition plays an important role in the acquisition of bone mass at many level. Comprehensive nutritional coursalling is

iminam inthe i@u‘mﬁm of Dstec:i::urc:sis.
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Calciurm milk, cheese,
butter, yogurt
alrmonds
prunss
seawead

Building beck of bane

Inreases bone dersity
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leafy grears
dates

Builds and rmairtains healthy bores

haintains calcium balance

Reduces frequency of falls and
fractures

Increases density
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Excess decrezses dersity

Digts high in protein can induce a
nagative calcium balance, which I
could l2ad to bone loss

Sodium salted foods

Promotes calciuria

Excess dietary sodiurm may reduce
bone mineral density

Excess decrezses dersity

C affeineg coffos
soft drinks

Decrezses bone dersity
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Decraases density

Increases nisk of hip fracture
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Relationship between physical activity score
and age in 165 subjects aged 19 to 66 years
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Fig. 1.4 Depicts reduction of physical activity level with increasing age in healthy population.
From Sinaki M: Aging Clin Exp Res 10:249-262, 1998: used with permission.




Correlation of lumbar BMD with job-related physical activity
score in 96 healthy Minnesota women of premencpausal age
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Fig. 1.5 Weight-bearing physical activity whether at job or otherwise could have positive effect on
BMD of the spine. From Sinaki M. Fitzpatrick LA, Ritchie CK. Montesano A, Wahner HW. Site-
Specificity of Bone Mineral Density and Muscle Strength in Women: Job-Related Physical Activity.
Am J Phys Med Rehabil; 77(6):470—476, November/December, 1998; used with permission.




Significant correlation between BMD
of spine and strength of back extensors
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Fig. 7.6 Positive correlation of bone mineral density of the spine with back extensor strength. '
Data from Sinaki M, McPhee MC, Hodgson SF, Merritt JM, Offord KP. Mayo Clin Proc. 1986




B Healthy B Osteoporotic
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Fig. 7.12 Mean back extensor strength in healthy women and women with osteoporosis. Data
from Sinaki M, Khosla S, Limburg PJ, Rogers JW. Muscle strength in osteoporotic versus normal
women. Osteoporos Int. 1993:3:8—-12.




Lumbar spine BMD-changes Total hip BMD-changes
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Fig. 6.2 BMD changes at LS and FN during the study course. Asterisks (*p < 0.05; p < 0.001)
indicate either (top of the SD) significant different from the period before or (between the curves)
significant group difference (EG vs. CG) for the corresponding period

Kemmler W, Lauber D, Weineck J, et al. Benefits of 2 years of intense exercise on bone d
and blood lipids in early postmenopausal osteopenic women: results of the Erlangen+Fi
Prevention Study (EFOPS). Arch Intern Med. 2004;164:1084-91.



Incidence of new vertebral
compression fractures

100 @ New V-comp fx @ No new V-comp fx
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ROPE & pharmacotherapy Pharmacotherapy alone; No ROPE

Fig.7.10 Comparing women with osteoporosis who performed ROPE and pharmacotherapy ver-
sus those who used only pharmacoth

sus No-ROPE, with or without pharmacotherapy. J Bone Miner Res. 2007 bep, 22(Suppl 1):5462.
Used with permission.
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B Joggers @Swimmers B Sedentaries
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Fig. 7.1 Comparing muscle strength in three groups of female college students (swimmers, jog-
gers, and sedentary). From Emslander HC, Sinaki M, Muhs JM, Chao EY, Wahner HW, Bryant
SC, Riggs BL, Eastell R. Mayo Clin Proc. 1998; used with permission.
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Common Yoga Position Exercises
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Comparing baseline and follow up X-rays of
spine in osteoporosis : % of new vert FxX's in 3
groups of back exercise program
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Fig. 7.2 Comparing baseline and follow-up X-rays of the spine in four groups of osteoporotic
women after participation in therapeutic back exercises. Percentage of new vertebral fractures in
spinal extension: spinal flexion combined with extension; spinal _flexion only: and no exercise).
v-Axis reflects percentage of patients with new vertebral fracture.|Figure shows higher percentage
of fracture in subjects who performed spinal flexion exercises as therapeutic back exercise program.
Data from Sinaki M, Mikkelsen BA: Arch Phys Med Rehabil: 1984.
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RATING OF PERCEIVED EXERTION (RPE)

Borg's Scale  (Gunner borg 1982): Modified Borg Scale:
6- 0- at rest
7- very, very light
8. 1- very easy
9- very light 2- somewhat easy
10-

11- fairly light i
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