Strong Bones  by Colgan

Excerpted from Dr Colgan's forthcoming book, Strong Bones, scheduled for publication in Spring 2008. Lavishly illustrated in his famous style.
There are eleven major factors in the Colgan Program that will help you keep your bones. 

1. Synergy  Nutrients never work alone, only in synergy with each other.  You personally have to get enough of each of the structural materials required to re-build and maintain your bone structure bone every day. If even one is missing or insufficient, your bones go to hell in a hand basket. We will look at the minerals first because the structure of your bones contains most of the minerals in your body. You cannot make one molecule of these minerals, yet you excrete them constantly as an essential part of the design of living beings.  To maintain your bones (and other tissues) you have to constantly replace them.

2. Calcium  The most abundant mineral in your body, calcium, makes up about 1.2% of your weight.  Over 99% of your calcium forms the basic structure of your bones and teeth. Most people get woefully insufficient calcium to maintain bone mass. Canada is coy about its deficiencies, but latest figures for the US show that two people in every three get less than the Dietary Reference Intake (DRI) of calcium.3  (DRIs are the latest in an ever-changing series of terms used by the US to replace the old Recommended Dietary Allowances, RDA.)

For folk aged 19-50, the American government DRI for calcium is 1000mg per day.  After age 50 it is raised to 1200mg.3,4  Numerous  other authorities assert that these intakes are insufficient. America's dismal record of massively increasing rates of osteoporosis over the last 60 years is strong evidence they are right. The Colgan Institute recommends 1000 - 2000 mg of supplemental calcium per day, depending on age, gender, exercise, and health history.

Don't rely on milk for your calcium. As I document in my 2007 book, Nutrition for Champions, it is likely that milk products, which are continually touted to strengthen bones, actually weaken them.3  No one knows the whole story, but it has a lot to do with acidity. Although milk contains a high level of calcium, many milk products are acidic, and lower your blood pH into the acid range. We will see this acidity problem rear its ugly head repeatedly in the biochemistry of bone.  The DNA code designs your body to function with blood that is slightly alkaline.3  Whenever the body senses acid blood, it pulls calcium from the bones to neutralize it.  Remember, humans (and the pets they teach) are the only animals that drink milk after weaning.

3.  Phosphorus  The second most abundant mineral in your body, phosphorus, makes up about 1% of your weight. Phosphorus comprises nearly half the mineral content of bone. The modern diet contains a higher level of phosphorus than prior to the Second World War.  This change came about because of the switch from manure enrichment of soils to NPK fertilizers. It was a clever strategy used by Allied governments to create a profitable use for the leftover mountains of minerals that had been stockpiled for making 1940s style bombs. 

Some nutrition texts claim that this increase in phosphorus in the diet causes the body to lose bone, because it stimulates parathyroid hormone, one of whose tasks is to mobilize calcium from bone.  They are mistaken.  It is the acidity problem again that we noted above in relation to milk products. Phosphoric acid, such as used in many sodas, is the form of phosphorus most tested in bone studies. Phosphoric acid lowers your pH and, thereby, does cause the body to lose calcium. Parathyroid hormone is involved because another of its tasks in the body is to monitor blood acidity levels, and mobilize calcium to  keep blood alkaline,3   The mineral phosphorus is pH neutral and does not affect calcium metabolism.8
The adult DRI for phosphorus is 700 mg per day. Despite the high levels in modern food, US government figures for phosphorus intake show that a quarter of the American population does not get that amount.  The Colgan Institute recommends 700-1000mg of total phosphorus per day depending on age, gender, exercise and health history. Because of its high level in modern foods, the mineral phosphorus is not usually included in supplements, except as the phosphate form of other minerals, such as calcium phosphate and potassium phosphate.  Phosphorus occurs in most foods because it is a critical component of all living organisms. High-protein foods, such as meat, poultry, fish, eggs, nuts, and legumes are good sources of phosphorus.
4.  Potassium  At about 0.4% of your weight, potassium is the third most abundant mineral in your body. It has many roles. Potassium is essential for transmission of nerve impulses and for muscle contraction and for regulation of fluid balance and mineral balance.  Another important role of potassium is to neutralize bone-depleting acids. It is worth repeating again that metabolic acidosis 
 eats away
 at bone much like acid rain eats away at stone. Without sufficient potassium in your diet, you cannot have strong bones.

Despite its abundance in human tissues, and its essentiality for health, the US did not have a DRI for potassium until 2004.  The average American diet contained about 2000mg of potassium and they let it go at that.  Why?  We may well ask.  The politically incorrect answer is; scientists who are prepared to suffer government jobs or consultancies for long enough to end up on the committees that decide human nutrition standards, are mostly mugwumps. 

The adult DRI for potassium is now 4,700mg per day, yes, that is 4,700mg, more than double previous estimates.9 At that level, one-third of Americans is deficient in this essential mineral.  No surprise then that one in two women, and one in four men the US and Canada are losing their bones. 

Before 10,000 years ago, before there was agriculture and food processing to destroy or remove most of the potassium in our food, good evidence indicates that the average human ate 6,000 - 11,000 mg of potassium a day.3  The evidence also indicates that those ancient humans were about three times as strong as the average American today, and had very dense bones. 

When I was at Rockefeller University in the early 1980s, I had the privilege of working briefly with Linus Pauling, certainly the leading biochemist of the 20th century.  With copious arguments against the government view, he recommended then that everyone should get at least 5,000mg of potassium daily.  Ever since, the Colgan Institute has recommended 5,000 - 10,000mg of total potassium per day, plus 500 - 2,000mg of supplemental potassium depending on age, gender, exercise, and health history.

Pauling's prescient genius, and our subsequent potassium recommendations for healthy bone and other body structures have been well vindicated by new research..  Potassium specialist Susan New and her team at the University of Surrey in England provide a representative sample of the huge pile of recent work.  In 1997, they analyzed data from the large Aberdeen Prospective Osteoporosis Study. The analysis shows without doubt that pre-menopausal women who ate a high level of potassium had larger and stronger bones. These women also showed higher retention of calcium as they aged, and significant protection against osteoporosis.10
Potassium is equally important for men. In 1999, Katherine Tucker and colleagues followed elderly men in the famous Framingham Heart Study for four years. They found that men who ate high potassium diets had stronger bones and showed significantly less decline in bone mass.11 In these studies, which are representative of the evidence, the high potassium diets ranged from 3,000mg to 6,000+mg per day. The low potassium diets ranged from 1,400mg to 1,600mg, 

Folk who eat large amounts of fresh fruits, vegetables and fish have potassium intakes of 6,000-11,000mg per day,12,13 about the same as our pre-agricultural ancestors.  As I document in Nutrition for Champions, this is the level of potassium we are genetically programmed to eat by our DNA.3  It helps to protect us from many disorders, especially loss of bone.

5  Magnesium.  At about 0.3% of your weight, sulfur is the fourth most abundant mineral in your body. At about 0.1%, magnesium is the fifth.3  Half of your magnesium forms part of your bones.  Magnesium deficiency interferes with calcium metabolism and the hormones that regulate calcium.5 Magnesium deficiency has been accepted recently as a risk factor for postmenopausal osteoporosis.6 Studies also show that magnesium supplementation can improve bone mineral density even in older adults.7
The DRI for magnesium is 410mg per day for males aged 19-30 and 420mg thereafter: 310mg for females age 19-30 and 320mg thereafter. US government figures for magnesium intake show that 62% of the population do not get even these amounts.  Based on our 33 years of research, the Colgan Institute recommends 400-1800mg of  supplemental magnesium per day, depending on age, gender, exercise, and health history. 
6  Strontium  The 15th most common element, strontium, is widely distributed on Earth.  During our evolution, strontium was incorporated into the design of human bones along with calcium, which it is close to in atomic structure.  Because of the uneven distribution of different forms of strontium in soils, and therefore in diets, measurement of strontium in prehistoric bones is widely used today in paleontology to determine migration patterns of human groups.16 

Strontium is a normal part of bone and adds to bone strength. It is needed only in small amounts and makes up about 0.2% of bone, where it is used both in place of calcium and in combination with calcium. During the early 20th century it was being strongly researched as a possible essential mineral for humankind. That research stopped dead in 1945.

Strontium fell into disrepute with the advent of nuclear bombs.  Nuclear fallout contains a large amount of an unstable, radioactive isotope of strontium called strontium-90, which does not occur in Nature.  Nevertheless, strontium-90 is readily incorporated into human bone and causes numerous diseases, including bone cancer.  In 1986, the Chernobyl disaster for example, contaminated thousands of square miles and uncounted tens of thousands of people with strontium-90. When the word 
 strontium
 began to conjure terror and death, natural strontium, which is not radioactive, lost consideration as a human nutrient for many decades.

We know now that strontium is an essential part of bone. Dozens of studies during the past 10 years, including the large, well-controlled PREVOS trial, show that strontium supplementation reduces the risk of fracture in women with osteoporosis.14 Better yet, strontium supplementation prevents post-menopausal bone loss.15 Best of all it achieves these miraculous effects, not by stockpiling old, weak bone as most osteoporosis drugs do, but by inducing the growth of new bone.17
No one knows how much strontium we need on a daily basis.  There is no DRI for strontium.  It is not yet even included by the US government in the Table of Essential Minerals. just one of numerous omissions. Official lists of human nutrients always lag at least 20 years behind the research because their compilation is driven more by politics than evidence.   

The Colgan Institute recommends supplemental strontium for all people at risk of losing bone.  From the hundreds of controlled studies over the last two decades, we have settled on a range of strontium of 250 - 500 mg per day, depending on exercise and health history.  People at risk of losing bone are; women over 30 who have had three or more children, all women over 40, and all men over 50.

7. Vitamin D
The chemical calciferol is still called Vitamin D, one of the numerous errors of 20th century nutrition science.  The biochemical definition of a vitamin declares that it has to be a chemical that is not an element, a chemical that the body cannot make, and a chemical that is essential for human health.  We know now that the human body can make Vitamin D very easily in your skin when it is exposed to the normal ultra-violet part of the spectrum of sunlight.  That we continue to call it Vitamin D doesn't say a lot for the smarts of nutrition authorities. Nevertheless, for clarity, we will continue with the charade.

Calciferol (Vitamin D) is an essential nutrient for calcium, phosphorus and magnesium absorption and metabolism, and for muscle contraction, energy production and immunity. We don't need much, and like all but the big minerals, calciferol is only a minute percentage of your weight, less than 0.1%.  The current DRI for calciferol is only 5 micrograms (mcg), that is, 5 millionths of a gram. Some tables still express these figures in the obsolete International Units (IU). Five micrograms equals 200 IU. 

The old RDA used to be 10mcg or 400 IU. Then some new nignogs somehow got themselves into power to decide your health, and, with much solemnity, cut the DRI in half, mainly because they learned at medical school that too much vitamin D can be toxic. What they didn't learn at medical school, or promptly forgot, is that the research criterion they resurrected into use to justify their decision, a criterion they seem to think is new, therefore better, had been discarded as useless decades ago. 

I sometimes wonder how these folk rise to positions of public importance. Then I remember the gaggle of top American politicians and their advisors over the last year or two, who have been drummed out or have quietly disappeared, either because of blatant stupidity, or because they have been caught with their hand in the till, or because their sexual peccadilloes are too gross for even our permissive society to tolerate.

The current DRI  for vitamin D was set from studies of the relationship between calciferol intake and the active form of vitamin D, called 25-hydroxyvitamin D (25(OH)D), in  repeated spot measurements of blood serum.  This is a schoolboy chemistry measure, a joke, if you are trying to estimate optimum Vitamin D nutrition.

There are many reasons why: here is just one of them. Blood is a transport mechanism. Amounts of vitamin D, (and many other chemicals) therein, bear little relation to the amounts being used in bones or other tissues, or the amounts necessary for health.  Worse, we don't even know the 
 normal
 level of 25(OH)D in living bone, let alone the optimal level. It's about as inaccurate as taking a few spaced snapshots of cars on the freeway, taken at random times, in order to calculate how many cars can operate well in the city. There is now overwhelming evidence that the DRI for vitamin D (5 mcg) is woefully insufficient to maintain your bones. 

Even the old RDA of 10mcg (400IU) is insufficient. In representative controlled studies, supplements of 10 mcg failed to maintain vitamin D status, even in young, healthy Canadian women.19  Nor does 10 mcg reduce fracture rates in osteoporosis.20   From a mass of studies since 1992, we have known that both men and women need a vitamin D supplement of at least 20mcg (800IU) to increase bone mineral density and reduce the risk of fracture.21
Being fat-soluble, vitamin D is easily stored in the body and can build up to a toxic level.   But the 
 Lowest Observed Adverse Effects Level
 (LOAEL) (don't you just love tax dollars going to inventing such gobbledygook) is 50mcg or 2000IU, ten times the DRI.  And the one person (yes, only one) who reportedly had this adverse effect didn't get sick at all, and was a bit of a strange case all round.18 

In controlled trials, subjects have taken 100 mcg (4000 IU) of vitamin D for months without any toxicity.18  The Colgan institute recommends 20 - 30mcg (800 - 1200IU) of supplemental cholecalciferol (Vitamin D3) daily, depending on gender, age, exercise, and health history.  Note that is the D3 form. Other forms of vitamin D are not nearly as effective. And take twenty minutes a day in the sunshine whenever you can. You don't have to go naked. Sleeveless is quite sufficient. It's an effective strategy for making Vitamin D, and it's free.

8  Vitamin K  Vitamin K is another essential player in the synergy of bone. Like vitamin D, it exists in the body in only minute amounts and is required daily in only the microgram range. Unlike vitamin D, however, which is now available freely to improve bone health in every Western nation, some health authorities, notably Canada, do not yet have leaders with sufficient education to know that strong bone is impossible without sufficient vitamin K. Consequently they do not permit the public OTC access to vitamin K supplements.  Numerous scientists consider this restriction irresponsible.

As a consultant to several health authorities of several governments, I have tried my best to convince them, but the excuse is always public safety. Essentially, you cannot let Joe Public play with matches. He is sure to burn himself and start pointing fingers. When courageous souls eventually listened in the US, and allowed OTC vitamin K, there was quite a bit of political breath-holding. But there has not been a single case of vitamin K poisoning since.

To understand vitamin K does require a bit of re-education for any physician over 40, because they were taught as students that vitamin K is the blood clotter - and we already seem to have too much blood clotting. Fortunately, excess vitamin K is not responsible. This medical misconception of vitamin K function occurred because it was discovered by Henrik Dam in Denmark in 1920, and the work was first published in a German journal, where its function was recorded as "koagulation", the German for "coagulation". The name stuck and human requirements for vitamin K were calculated on the basis of the tiny amounts required to clot blood. 

We have known for 50 years that blood clotting by vitamin K is controlled by multiple biochemical gates, not by the amount of vitamin K you ingest. Nevertheless, far as 20th century medicine was concerned, it was not a chemical that the public should be allowed to mess with. Canadian (and some other supposedly educated) health authorities are still stuck at this obsolete level of belief.

The full story of vitamin K was first published in 1988 by Paul Price of the University of California (La Jolla).  It is now clear that blood coagulation is only one of its functions and probably its minor function in the human body.  The major role of vitamin K is the synthesis of bone matrix proteins, and their conversion into a form called osteocalcin, which, as its name implies, then binds calcium into hydroxyapatite crystals to create bone structure. No vitamin K - no bone.22
The daily amount of vitamin K used for bone is much greater than required for blood clotting. Calculation of these amounts, however, requires a level of biochemical sophistication yet to be reached by some health authorities, although the test has now been operating in the US for at least a decade.  The daily requirement is based most accurately on testing the amount of vitamin K required to synthesize and convert the vitamin K-dependent proteins in bone into their final form.

From the first controlled, double-blind studies with this test in the mid-1990s, US health authorities made major advances. They discovered for example, that women with osteoporosis are all vitamin K deficient, and that this deficiency increases their risk of fracture by 600% !! 23,24 The US Institute of Medicine, which sets the DRIs, promptly more than doubled the daily requirement for vitamin K from 35mcg to 90mcg for women, and from 45mcg to120mcg for men. 

There are two main forms of vitamin K, phylloquinones (vitamin K1) found in green, leafy vegetables, and menaquinones  (vitamin K2) found in meats and in fermented soy products such as natto.  Menaquinones (K2) have proved more effective as supplements for bone, although your body does have the ability to convert KI into K2.  The Colgan Institute recommends 100-300mcg of supplemental phylloquinone (vitamin K1), plus 240-480mcg of menaquinone either in the MK-4 form or the MK-7 form daily, depending on age, gender, exercise and health history

In the hope that someone with public health influence may read this, and review the current science, and decide to save hundreds of thousands of Canadians (and Australians and New Zealanders) from endless suffering as they inevitably lose their bones, I will note the current scientific position. One large body of evidence supporting vitamin K supplementation comes from the many recent Japanese studies using the menaquinone MK-7 found in natto, or simply measuring the bone strength of folk who use natto as a regular part of their diet. The best summary is given in the 2006 report on the long-term Japanese Population-Based Osteoporosis Study.26 There is no doubt that  menaquinone vitamin K saves a lot of bone, without side-effects of any kind and only positive effects on health all round.

In 2006, David Torgerson and his team at the University of York in England presented an excellent summary of all major studies to date. Published under lead author Sarah Cockayne, the research reviews thirteen major randomized, controlled trials.  Older men and women were used as the study populations. These studies used supplements of 15-45mg (Yes - milligrams, a massive dose) of the menaquinone form of vitamin K2 called menatetrenone (MK-4). 25
Even such massive doses were amazingly non-toxic. None of these studies showed excess blood clotting or other undesirable side-effects. But they did show that vitamin K supplementation reduced hip fractures by a huge 77%, vertebral fractures by 60% and all other fractures by 81%. If there was a non-toxic cancer drug that was even one-tenth as effective, health authorities would be all over it. But preventing bone fractures just doesn't generate the required heroic photo ops that cancer does.. In fact, osteopenia and osteoporosis are far more prevalent than cancer, cause far more suffering, and cost far more of our tax money to treat.

Despite the facts, bone diseases are swept under the political rug, especially in Canada, largely because they are considered to be problems of old people. Wrong! You get your maximum bone strength between age 25 and 35.  Unless you do something about it, its all downhill from there.

9. Alkaline diet  The abbreviation pH means power of hydrogen. A food whose ash residue releases hydrogen into your body is acidic.  A food whose ash residue removes hydrogen from your body is alkaline. A pH of 7.0 is neutral, neither acid nor alkaline. Below pH 7.0 is acidic, ranging from colas at about pH 3.0 to battery acid at pH 1.0. Above pH 7.0 is alkaline, ranging from baking soda at pH 8.5 to potash lye at pH 13.0. The acidity or alkalinity of your diet is critical to many aspects of health, especially your bones, because the DNA code designed you to function well only in a very narrow range of pH. 

Because the human diet was alkaline for all of our 150,000 years before there was agriculture3 your bloodstream today is designed to operate best in an alkaline state, at a pH of 7.35-7.45. You liver, heart and brain are also designed to work optimally in a slightly alkaline state.  You have many defense feedback systems to keep you that way. Whenever your body senses that the blood and organs have become acidic, it pulls calcium from your bones to neutralize the acid, then excretes the calcium in your urine. To buffer the acid from a single burger, fries and coke takes about 5000mg of calcium from your bones. No matter what else you do, if you are chronically acidic you will lose your bones.

Because of the predominant acidity of modern foods, the average Canadian and American is almost continually in a slightly acid state, with a blood pH of about 6.5 - 6.8.  It doesn't sound very acid, but it is ample to slowly leach away bone.  Apologists for the processed food industry deny this rise of acidity over the last hundred years of food processing, pointing to the present abundance of fruits and vegetables which are almost all alkaline.  But Mr and Mrs Average do not eat a great deal of this abundance, but rather acidic processed foods instead.3 The antacid business in the US alone is now over $8 billion per year, almost all of it caused solely by the acidic food people put in their mouths.

To see whether or not you are losing bone to acidity, you can test your own pH using pHydrion strips from a local pharmacy. Test midstream fasting urine each morning for seven days. It should range between pH 6.2-7.0. Also test your fasting morning saliva. It should range between pH 6.5-7.5. If either urine or saliva, or both are consistently below these ranges, then all other strategies to save your bones will prove ineffective.

Changing your diet to bring your pH into the alkaline range, where it should be, is simple. I cover the basics in Nutrition for Champions.3  A great first step is to reduce your intake of the worst acid foods, the pizzas and pastas and burgers and battered chicken bits. You know, those tasties that set your heart  and gut on fire.  

The second step you have to take is; increase the high potassium/low sodium alkaline foods in your diet, Examples are; one medium avocado or a cup of almonds contains about 1.4 grams of potassium.  A cup of dates or figs contains about 500 mg of potassium. So does a banana or a quarter of a honeydew melon. All are low sodium 

(high sodium foods are acidic) and highly alkaline. I give a list of these foods on line at www.colganinstitute.com   

Seems too simple doesn't it in the face of North America's epidemic of osteoporosis, and all the needless suffering, and all the expensive and toxic but ineffective drugs. Nevertheless, numerous recent studies show that reducing acid foods and increasing high potassium alkaline foods grow masses of new bone. In a representative study, Anthony Sebastian and team at the University of California, San Francisco selected American post-menopausal women, all of whom showed the typical low-level chronic acidosis of the North American population, and all of whom were losing bone despite other attempts to save it. The women learned about lowering acidity had their diets supplemented with potassium bicarbonate to increase potassium intake by 4.5 to 9.0 grams per day.  Within two weeks, their daily acid excretion declined by a whopping 80%, and measures of bone loss reversed to show bone formation.27  

10. Resistance Exercise.   

Bone is a microscopic matrix of hard mineral struts much like the zigzag connections of the truss of a metal bridge. Unlike the bridge, however, the metal of which is dead and can only decay and weaken, bone is living and constantly re-growing itself throughout life. It accomplishes this miraculous feat in exact response to the nutrient materials you make available, and the stresses you place upon it by activity.  

Each day tens of millions of old, worn-out bone cells are broken down by the  garbage crew of osteoclasts, cells which remove the mineral matrix.  In order to replace the old cells, the bone requires weight-bearing pressure on each point of connection of the internal struts that support it. This pressure produces the essential electrochemical 
 sparks
 used by the growth hormone, insulin like growth factor, to convert bone precursor cells in the bone marrow into osteoblasts to create new molecules of bone. Simply put, no pressure, no spark, no bone. You can eat the most careful and supplemented diet, but without weight-bearing exercise, bone cannot grow. 

Controlled studies have shown since the 1960s that simple bed rest destroys massive amounts of bone. Even bed rest for a few days!  Most of us have no idea how damaging it is. A patient confined to long bed rest of 10 weeks for example, loses between 20% and 30% of their bone.31 If they are over 40, they are unlikely to ever recover full bone strength again.

"Yes, yes," say the skeptics, "but they are all sick people." Not at all.  Remove weight bearing force and bone loss happens to everyone. The first astronauts taught us well  that even the healthiest young adults lose bone. Even with exercise bikes and yoga on the first missions, they all came back showing massive bone loss. Now astronauts have the best resistance exercise programs, somewhat like the Colgan Power Program, in order to protect their skeleton, but they still lose bone.

For the rest of us, a recent meta-analysis of clinical trials shows clearly that resistance exercise training programs prevent or reverse about 1% of bone loss per year in the lumbar spine and femoral neck, for both premenopausal and postmenopausal women.28
In 30 years that is a saving of one-third of your bone. If we all did it, and also ate reasonably, osteoporosis would be a rare disease.

It has to be the right resistance exercise, however.29 Most authorities now agree that jogging, cycling and swimming, although effective as aerobic exercises, do not save bone. Jogging, which may seem very weight-bearing, especially when you are running up hill or pounding downhill, is  actually detrimental to bone because the regular pounding of hips and knees destroys more bone tissue than many people can rebuild in the off time.  Jogging on a treadmill is even worse because most of the force goes downward and rebounds up into the joints, instead of into forward motion.   Walking, hiking, and dancing do strengthen the long bones of the legs and to the pelvis, because they bear the body weight while being generally low-impact activities.

The best form of resistance exercise is contained in the Colgan Power Program32.  Although developed for power training top athletes, a modified form of the Power Program, including our cable machines, and balance and coordination routines is now being widely used by older folk to retain their strength, their balance, and their bones as they age.

11. Complete Nutrition  Numerous folk who contact the Colgan Institute seem unaware of the basics of nutrition, while being obsessive about one or two esoteric supplements, usually some wonder concoction or other that has been pushed in their faces by TV or high-pressure multi-level salesmen. So I have to emphasize that you need many other nutrients to fully support your bones in addition to those covered in this series of articles. The bottom line is; no single supplement of exotic fruit, deep-sea minerals, prehistoric forest mud, or whatever does anything much. Nutrients work only in synergy, and for that synergy to operate well you have to have complete nutrition. 

Our DNA code evolved in the presence of a wide range of chemicals in the environment, and learned to use many of them in various mixtures for different purposes. These are the chemicals we now call "essential nutrients".  Space prevents me covering the research, but we know now that other minerals than those covered in this series are also involved in various ways in growing optimal bone, including zinc, copper, manganese, silica, fluoride, and boron. These and others I cover in my forthcoming book, Strong Bones, scheduled for publication in 2008. Meanwhile the current book, Nutrition for Champions3 contains a list of the amounts of all essential nutrients recommended for health by the Colgan Institute. Follow that list and the 11 points herein, and enjoy strong bones for life. 
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