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Bone and Joint Health

Part of the Movement spoke of the Wheel of Health. See also: Strength Training, Supplementation, Mobility, Recovery, Monitor.



Bone is not stone. It is a tissue in continuous demolition and reconstruction, and what it rebuilds toward is the largest force it recently had to survive. Everything else in this article follows from that sentence. Mineral is the material; load is the instruction. A body given material without instruction lays down nothing, which is why the calcium aisle has failed for forty years, and why its alternative-health inversion — the proprietary ionic calcium, the corrected mineral ratio, the mega-dose that finally unlocks absorption — fails in exactly the same way while sounding like its opposite. Both argue about the material. Neither sends the instruction.


What the Tissue Is Actually Doing

Skeletal tissue is rebuilt continuously by two cell populations working against each other: osteoclasts dissolving mineralized matrix, osteoblasts laying new matrix down. Roughly a tenth of the adult skeleton turns over each year. Nothing in your femur is the material that was there a decade ago; what persists is the shape, and the shape is negotiated.

Osteocytes — mature bone cells buried inside the matrix, connected to each other through fluid-filled channels — do the negotiating. When a limb is loaded, the matrix deforms slightly and fluid shears past those cells. That shear is the signal. Harold Frost named the resulting control system the mechanostat: bone holds a strain set-point, adds material where habitual strain runs above it, and removes material where strain runs below. Removal is the same system working correctly on a body that has told it, every day for years, that less bone will do.

Three properties of the signal decide what any intervention is worth. Magnitude matters far more than repetition, so ten hard efforts outrank ten thousand soft ones. Rate matters — strain applied quickly registers where the same strain applied slowly does not. And the response is local. Bone remodels where the strain arrives and nowhere else, which is why a lifetime of walking builds a calcaneus and leaves a lumbar vertebra exactly as it found it.

Site-specificity has an unusually clean demonstration. Racquet-sport players load one arm and not the other for years, and the loaded humerus carries substantially more cortical bone than its own owner’s other arm — same genome, same diet, same hormones, same vitamin D status, different instruction. No nutritional variable can produce an asymmetry inside a single body. Only load can.



The Story That Does Not Survive Checking

Before the protocol, one correction, because the article would otherwise rest on a premise that the evidence breaks.

The intuitive account says modernity produced fragile skeletons: we sit, we eat depleted food, we live indoors, and our bones are paying for it. Two findings cut against it.

Age-standardized hip fracture incidence is falling across most of the industrialized world. Sing and colleagues, reporting in the Journal of Bone and Mineral Research in 2023, assembled 4,115,046 hip fractures from twenty healthcare databases across nineteen countries between 2005 and 2018. Eleven databases showed declining age-standardized rates, steepest in Denmark and Singapore at −2.8% per year; five showed increases; four were flat. A fragility epidemic manufactured by modern life should not be receding fastest where modern life is thickest.

And the ancestral comparison runs the wrong way. Stieglitz and colleagues, in eLife in 2019, ran computed tomography on 507 Tsimane forager-horticulturalists in lowland Bolivia, aged 41 to 94 — a physically active population eating unprocessed food, outdoors all day, with none of the exposures the story blames. Age-standardized thoracic vertebral fracture prevalence came in at 18% in Tsimane women against 9% in American women, and 36% in Tsimane men against 11%. The authors attribute the gap to reproductive load constraining bone’s capacity to answer mechanical demand.

So the honest claim is narrower than the romantic one, and harder. Loading is a specific stimulus that a specific tissue answers, and it has to be delivered deliberately because almost nothing in ordinary life delivers it — ancestral or modern.



What Moves Bone, and What Only Looks Like It Does

The reference trial is LIFTMOR. Watson, Weeks, Weis, Harding, Horan and Beck, reporting in the Journal of Bone and Mineral Research in 2018, randomized 101 postmenopausal women with T-scores below −1.0 to either high-intensity resistance and impact training or a low-intensity home program. The intervention ran twice weekly, thirty minutes, eight months, supervised: deadlift, back squat and overhead press at five sets of five above 85% of one-repetition maximum, plus a jumping chin-up with a drop landing.

Lumbar spine bone mineral density rose 2.9% against a 1.2% decline in controls. At the femoral neck the treated group held at +0.3% while controls lost 2.0%, a net difference of 2.3% at p = 0.025. Femoral neck cortical thickness increased. Beck’s 2025 review in Current Osteoporosis Reports records that roughly a third of participants entered the trial with a prior vertebral fracture and that the program precipitated no new or progressive vertebral fracture, no worsening kyphosis, no worsening scoliosis.

Read the intervention rather than the headline. Two of the three lifts compress the spine axially under near-maximal load, and the fourth movement lands bodyweight through the skeleton from a height. Conventional advice to women with low bone mass forbids most of that. The trial did it under supervision and produced the only reliable lumbar spine gain in the non-pharmacological literature.

Set against that, the same review reports what conventional exercise produces at the spine: nothing. Walking, swimming and cycling show no positive effect on bone mineral density. Each is worth doing — cardiovascular capacity is the first-ranked longevity variable in Movement, and swimming and cycling are excellent for the recovery side of the wheel — but none of them is a bone intervention, and describing them as one has cost a generation of women a decade of usable training time.

Vibration platforms occupy the same category with better marketing. The low-magnitude signal marketed for bone, around 0.3 g, failed its two best-designed placebo-controlled trials: Slatkovska and colleagues in Annals of Internal Medicine in 2011 found no effect on density or bone structure in 202 women over twelve months, and Kiel’s VIBES trial in the Journal of Bone and Mineral Research in 2015 found no effect on volumetric density or on bone turnover markers in 174 seniors. Higher-magnitude side-alternating platforms retain a small hip signal in meta-analysis and a more consistent balance and leg-strength effect, which is worth something for fall risk. At the spine there is nothing, and the mechanism explains why: vertical acceleration attenuates steeply through the knee and hip, so very little of what the platform produces reaches L1 through L4. A spine cannot be loaded by standing on something that shakes.



The Mineral Question, and the Two Ways of Getting It Wrong

Mainstream practice has treated bone as a calcium-deficiency problem for four decades. The trials do not support it. LeBoff and colleagues, publishing VITAL’s fracture results in the New England Journal of Medicine in 2022, followed 25,871 adults for a median 5.3 years on 2,000 IU of vitamin D3 daily and recorded 1,991 confirmed fractures. Total fracture hazard ratio 0.98 (95% CI 0.89–1.08). Nonvertebral 0.97 (0.87–1.07). Hip 1.01 (0.70–1.47). No effect modification by baseline 25-hydroxyvitamin D, and none by whether participants were also taking supplemental calcium. Bolland, Grey and Avenell, pooling 81 trials in Lancet Diabetes & Endocrinology the same decade, found no clinically meaningful effect of vitamin D on total fracture, hip fracture or falls, and no dose-response.

Dairy does not rescue the position. Michaëlsson and colleagues, in the BMJ in 2014, followed 61,433 Swedish women for a mean 20.1 years and 45,339 men for 11.2. Each daily glass of milk was associated with an all-cause mortality hazard ratio of 1.15 (1.13–1.17) in women and a hip fracture hazard ratio of 1.09 (1.05–1.13) — the wrong direction for a nutrient prescribed to prevent hip fracture. The authors name residual confounding and reverse causation, and that caution is theirs to keep. What the finding funds is modest and sufficient: the dairy-for-bones instruction is not supported by the cohort evidence, and it was never supported by trial evidence.

A counter-literature has grown on that failure, and it deserves engagement rather than dismissal, because half of it is correct.

Thomas Levy’s Death by Calcium argues that calcium supplementation and dairy promote degenerative disease, that supplementation buys density without buying fracture protection, and that ectopic calcification — mineral deposited in arteries rather than bone — is the cost. Robert Thompson’s The Calcium Lie argues that bone is a multi-mineral tissue and that calcium-only supplementation drives imbalance across the others.

Grant what they saw. Supplementation above repletion does not reduce fracture, and the trial record now says so at a scale neither author had when writing. Isolated calcium without the co-factors that direct it does contribute to arterial deposition, which the corpus already holds at Supplementation and which is why supplemental calcium is refused there in most cases. That reading is sound and it arrived early.

Name what they did with it. Levy’s central positive claim, that osteoporosis is a focal scurvy of the bones correctable with six to fifteen grams of vitamin C daily, outruns its evidence badly. Ascorbate’s role in collagen hydroxylation is real, and the observational signal is real — Sun and colleagues in Osteoporosis International in 2018 pooled six studies covering 2,899 hip fracture cases and found highest against lowest dietary intake at an odds ratio of 0.73 (0.55–0.97), with heterogeneity at 69% and roughly a 5% risk reduction per additional 50 mg per day. That is a finding about dietary intake in the tens of milligrams, from studies that cannot establish direction. It funds eating fruit. It does not fund fifteen grams, a dose whose own file — hyperoxaluria and calcium-oxalate stone formation, and haemolysis in glucose-6-phosphate dehydrogenase deficiency — belongs in the same sentence as the number. Thompson’s diagnostic route is worse: hair tissue mineral analysis does not function as a gateway test for mineral status, and this corpus does not carry it in any protocol.

The precision of a diagnosis is not a credential for the cure attached to it. Both books read the failure of the calcium prescription accurately. Both then replaced it with another prescription of the same shape — get the mineral right and the bone follows — which is the assumption that failed, restated with different reagents.



How a Bone Claim Gets Manufactured

Monitor is the center of this wheel because sovereignty over the body is exercised through verification, not through choosing a better authority to trust. That discipline has to be practiced on the alternative marketplace exactly as it is practiced on the pharmaceutical one, and the practice has an anatomy worth learning once.

Consider the shape of a strong bone-density claim aimed at people who have already rejected the mainstream one. Density gains far beyond anything in the trial literature, in a population where gains are hardest to produce. A proprietary formulation, sold on subscription at a cost that compounds quietly across a year. A mechanism described in the vocabulary of physical chemistry rather than physiology. And underneath it, a citation.

Open the citation. Four questions settle most of these before the biology is even reached. Was the study controlled, or is it a retrospective series where everyone received the treatment and nobody received nothing? What instrument produced the numbers — quantitative ultrasound of the heel and dual-energy absorptiometry of the spine both emit something called a T-score, and the two are not interchangeable, do not move on the same scale, and cannot be substituted for one another without inflating the apparent result? Was the paper peer-reviewed, or is it a preprint carrying zero evaluations while the marketing page calls it published? And is the named journal the indexed journal, or a different title with nearly the same name, a different ISSN and a different publisher — a substitution that survives every casual check because the name is right?

A claim that fails all four is unevidenced rather than open, and the honest register for it says so plainly rather than granting it the courtesy of “promising.” Provenance is checkable in about ten minutes, and ten minutes is the whole cost of not being sold to.



The Substrate Floor

Nutrition and supplementation matter here in one specific way: they set a floor below which loading cannot produce adaptation, and above which additional intake produces nothing. Below the floor, substrate is the binding constraint. Above it, load is.

Protein is the most commonly missed item and the least glamorous. Bone matrix is roughly a third protein by mass, almost all of it type I collagen, and the mineral phase is deposited into that scaffold rather than assembled beside it. Intakes at the low end of habitual adult consumption — which is where most older women sit — leave the scaffold short. Aim at 1.2 to 1.6 grams per kilogram of bodyweight, distributed across meals rather than concentrated in one.

Calcium follows the corpus position at Supplementation: adequate intake, preferentially from food, with fermented dairy, leafy greens, sardines and bone broth as the ordinary routes. Where supplementation is genuinely needed it is taken in divided amounts rather than a single large dose, and it is taken with the co-factors that direct it.

Vitamin D is a repletion target, not a lever. Establish 25-hydroxyvitamin D by measurement and dose to the corpus’s stated range at Supplementation; above repletion, VITAL is the answer to what further supplementation buys, and the answer is nothing. Its own safety file runs through the kidney rather than the blood: at supraphysiologic intake, hypercalciuria arrives before hypercalcemia, so 24-hour urinary calcium is the marker that monitors it, and serum calcium alone will look normal while stones are forming. Contraindications in granulomatous disease and alongside thiazide diuretics are carried at Supplementation and apply here unchanged.

Vitamin K2 earns its place for calcium direction rather than for density. Pooled trial data show it lowering undercarboxylated osteocalcin reliably, improving lumbar spine density only in combination protocols and not as monotherapy, and doing nothing measurable at hip or femoral neck. Its one consequential interaction is absolute: K2 antagonizes warfarin directly, and anyone anticoagulated adds it only under prescriber supervision with monitoring.

Magnesium is required for the enzymatic machinery of mineralization and is the most widespread deficiency in the corpus’s reading; dosing sits at Supplementation. Boron is frequently recommended for bone in the integrative literature on the strength of small observational work and mechanistic reasoning about steroid metabolism; no randomized trial has tested it against bone density or fracture, and the honest classification is unevidenced rather than open. Creatine has a real signal in postmenopausal women, but it appears at the femur rather than the vertebra and it appears alongside resistance training rather than instead of it — reasonable as an adjunct to a loading program, meaningless without one.



The Loading Protocol

Read this gate before the program. The trial that produced these numbers was supervised by exercise physiologists, began with a familiarisation period devoted to technique before any load was added, and progressed intensity in graded steps. Reproducing the loads without reproducing those three conditions reproduces the risk and not the result. Anyone with a known vertebral fracture, a T-score at or below −2.5, a hip or knee prosthesis, or any spinal condition under active management begins with a clinician and an instructor, not with a barbell. Drop landings are excluded where a prosthesis or a recent vertebral fracture is present, and in pregnancy, where near-maximal Valsalva loading and impact both belong to a supervised prenatal program rather than to this one. A frail or long-sedentary beginner spends weeks at bodyweight before load is introduced, and the load scale is theirs rather than the trial’s.

Two presentations end the session and route onward rather than resting. Sudden severe midline back pain during or after a lift or a landing, particularly with loss of height or a new stoop, is an acute vertebral fracture until imaging says otherwise and is seen the same week. New leg weakness, saddle numbness, or any change in bladder or bowel control is cauda equina compression and goes to emergency care immediately, not to a physiotherapy appointment.

With that gate passed, the program has four elements, and it is deliberately small.

Axial compression, heavy. Deadlift, back squat and overhead press, twice weekly, five sets of five, at a load above 85% of one-repetition maximum once technique is established. These three send strain through the vertebral bodies and the femoral neck simultaneously, which is why they carry the trial’s whole result. Everything about them is covered in Strength Training — this article adds only the reason the loads have to be genuinely heavy: below roughly 80% the strain magnitude falls under the set-point and the tissue reads the session as ordinary.

Impact, brief. A jumping chin-up with a controlled drop landing, or where the upper body cannot yet support it, a set of hard vertical jumps landing on the whole foot. Strain rate is the variable here, not volume. Ten to twenty landings across a session is the entire dose.

Loaded carries. Farmer’s walks and suitcase carries load the spine, the hip and the grip at once and are the safest way to add axial time under tension for someone who cannot yet squat heavy. Grip strength is separately one of the better mortality predictors in the literature, as Strength Training records.

Balance work, daily. Single-leg stands, uneven terrain, and the mobility practice in Mobility. This element does nothing for density and is included because the density is not the endpoint. A fracture requires a fall and a fragile bone. Removing either one prevents it, and balance is the half that responds fastest in the old.

Frequency of twice weekly is sufficient and is what the trial used. Bone’s response saturates quickly within a session, and the remodeling that follows takes months, so the third and fourth weekly session buys muscle rather than bone.



Joints

Cartilage answers load in the same grammar as bone and with an inverted popular reputation. Articular cartilage has no blood supply; it is fed by fluid driven in and out of the matrix as the joint is compressed and released. A joint that is not moved is a joint that is not fed. Immobilization thins cartilage; graded loading thickens it.

The instruction that follows is unwelcome to people in pain and is nonetheless correct: osteoarthritis is not a wear-out condition treated by rest. Rest accelerates it. What damages cartilage is loading it beyond what it has been prepared for — a sudden return to running after a decade off, a joint carrying instability from an unrehabilitated ligament, or a mass the surrounding musculature cannot control. The correction is graded exposure with the surrounding musculature strong enough to distribute the load, not withdrawal from loading.

Collagen turnover in tendon and ligament is slower than in muscle by a wide margin, which is the structural reason the connective tissue is what fails when a training program advances too fast. Muscle adapts in weeks; tendon takes months. The practical consequence is that progression is governed by the slowest tissue in the chain, and the person who adds ten kilograms a week because the muscle can take it is training toward a tendinopathy on a schedule.

Positional restriction belongs here as well. Ankle, hip and thoracic range determine whether a squat reaches depth, and a squat that cannot reach depth loads a different structure than the one intended. Restoration of range is upstream of the loading program rather than parallel to it; Mobility carries the practice, and the deep squat as both a position and a diagnostic sits there and in Movement.



Upstream: What Loading Cannot Reach

Two conditions make a loading program the wrong first move, and both are common enough that they belong before the protocol rather than after it.

The first is an untreated secondary cause. A substantial minority of postmenopausal women, and more than half of men presenting with osteoporosis, have an identifiable driver other than age. The panel that finds most of them is ordinary: 25-hydroxyvitamin D, parathyroid hormone, serum and 24-hour urinary calcium, thyroid-stimulating hormone, celiac serology, testosterone or estradiol, a comprehensive metabolic panel, and protein electrophoresis where the presentation is atypical. Blood Tests carries the ordering discipline. Alongside it runs a medication audit, because proton pump inhibitors, glucocorticoids, aromatase inhibitors, androgen deprivation, some antidepressants and over-replaced thyroid hormone each cost bone density silently and none of them announces it.

The second is hormonal. Bone loss accelerates sharply in the years around menopause because estrogen restrains osteoclast activity, and its withdrawal releases the brake. For a woman within a decade of that transition, hormone therapy is the most powerful preventive lever available for bone and the one most often left unconsidered, with its own risk profile that belongs in a clinical conversation rather than an article. For a hypogonadal man, testosterone occupies the same position. Neither is a supplement question and neither is settled by reading.

And there is a ceiling that loading does not reach. The pharmacological agents — the anabolic class that builds bone and the antiresorptive class that preserves it — produce spine gains several times anything in the exercise literature, and where a two-standard-deviation deficit already exists with a fracture on the record, nothing in this article closes that gap. Sequence is not neutral in that setting: the anabolic agent first and the antiresorptive to consolidate is a different outcome from the reverse order, and reversing it wastes the anabolic window. These are prescription decisions with real adverse-event profiles, they are made with a physician, and this article gives no dosing and no protocol for any of them. What it holds is the honest boundary. Loading is the intervention for the person who has time. It is an adjunct for the person who does not, and pretending otherwise is how people with severe disease are talked out of treatment by writing that means them well.



Reading the Result

Density is a slow signal and the instrument is coarser than the numbers suggest. Absorptiometry carries a least significant change of roughly 3%, which means most of the effect sizes in this article sit at or below what a scanner can distinguish from noise in one person. A trial detects a 2.9% group difference across a hundred women. Your own scan cannot detect your own 2.9%, and expecting it to is the most common reason people abandon a program that was working.

So: scan at twelve months rather than six, on the same machine where possible, since cross-machine comparison adds error of its own. Spine readings past sixty are inflated by facet arthrosis and aortic calcification, both of which add apparent mineral without adding strength, and trabecular bone score alongside the spine reading gives a cleaner picture of what the microarchitecture is doing.

For an earlier read, bone turnover markers respond in months rather than years. Procollagen type I N-terminal propeptide tracks formation, C-terminal telopeptide tracks resorption; drawn fasting at baseline and again at three months, they say whether the stimulus has changed anything at the cellular level long before density can confirm it. Both are covered in Monitor’s discipline of measuring against one’s own baseline rather than against a population.

The endpoint is whether you fracture, and density is a proxy for it that the instrument reads poorly. Strength, balance and the absence of falls are the other half of that endpoint and are measurable at home, weekly, for nothing.



The Skeleton as Instrument

Traditional physiology placed the skeleton at the deepest layer of the body’s reserves. Chinese medicine holds that the kidney governs the bones and produces marrow, locating skeletal integrity in the same substrate as constitutional vitality — what the corpus carries as essence, the first of the Three Treasures, and what shows up in Supplementation as the kidney-bone axis behind eucommia and the Jing tonics. Ayurveda places bone as the fifth of seven tissue layers, formed from what the four before it have already refined, and reads its depletion as a wind-domain condition of dryness and space. Both are tradition claims about depth rather than empirical claims about density, and both say something the trial literature does not reach for: bone is late tissue. It is built out of what everything upstream has managed to deliver, and it is the last thing to show that the delivery has failed.

That is why this article sits in Movement and points back through the whole wheel. Sleep is when the remodeling happens. Nutrition supplies the collagen. Purification determines whether the terrain the mineral enters is clean. Recovery is when the loading signal is converted into tissue rather than into damage. Monitor is how you learn whether any of it is true in your body rather than in a population.

And the loading itself is not a chore performed for a number on a printout. Picking a heavy thing off the ground is the movement that keeps a person independent at eighty; it is the same movement that keeps them independent at forty, practiced early enough that the tissue is still listening. A skeleton is the instrument through which every other pillar of the wheel is expressed — the body that meditates, works, carries children, walks a mountain, sits upright for an hour without complaint. The tissue answers what it is asked. Ask it for something.



See also: Strength Training, Movement, Mobility, Supplementation, Monitor, Blood Tests, Wheel of Health, The Cultivated Body — Strength as Character Formation, Jing Qi Shen
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