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Clinical bone research is largely equipment-driven. We
are interested in things that we can measure rather than
measuring things that we are interested in. So, to expand our
interests, we need new machines (which is costly), or some
clever additions to the machines that we already have (which
is more palatable to our budget administrators).
Tom Beck’s hip structure analysis software is such a clever
addition to DXA. It can analyze regular DXA hip scans and
churns out a number of structural measures, such as bone
diameter, cortical thickness and section modulus (a measure
of bending strength) at various sites of the proximal femur.
This relatively simple program has put the muscle-bone unit
on the radar screen of many clinical researchers.
Petit and co-workers, for example, have used hip structure
analysis to dispel concerns that proximal femur bone geometry
might not be appropriately adapted to lean body mass in overweight children and adolescents1. They studied young people
between 4 and 20 years of age and found that overweight subjects had even a higher section modulus at the femoral neck
and shaft than controls with normal weight. This difference
between the two groups disappeared when lean body mass (an
indicator of muscle mass) was taken into account. It thus looks
like moving around some extra body weight is a kind of loadbearing exercise for the muscle system, which in turn increases
the strength of the proximal femur.
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While kids with high fat mass seem to be OK with regard to
their proximal femurs, the same can not be said of elderly men
with low muscle mass2. In a large group of subjects from 50 to
85 years of age, Szulc et al. found that low ‘relative appendicular skeletal muscle mass’ (muscle mass adjusted for height) was
associated with narrower bones and thinner cortices, which
resulted in lower bending strength. Possibly more surprising is
their additional observation that low lean body mass was correlated with impaired balance and an increased risk of falls.
Thus, it appears that the same muscle-bone relationships hold
true for overweight kids and for elderly men. Unfortunately for
the men, these relationships work to their disadvantage.
Now that we have dealt with overweight youngsters and elderly men, why not have a look at the hips of young women?
Nikander and co-workers examined 255 premenopausal
female athletes indulging in a mind-boggling variety of sports
(volleyball, hurdling, squash-playing, soccer, speed skating,
step aerobics, weight-lifting, orienteering, cross-country skiing,
cycling, swimming)3. These activities were classified according
to the type of loading they apparently produce at the hip.
Subjects engaging in high-impact (e.g., volleyball) and oddimpact (e.g., squash) loading sports had the highest section
modulus at the femoral neck, whereas repetitive low impact
activity (e.g., swimming) had less or no effect. Now the choice
is yours whether you really want to do odd-impact things just
to improve the section modulus of your femoral neck.

Cracking under stress
Military training comes with a lot of dangers. Even
recruits who are fortunate enough to serve in a peaceful
country often face a hideous enemy: stress fractures.
Valimaki et al. prospectively studied risk factors for stress
fractures in male Finnish military recruits4. Although the
study apparently met with less than exuberant enthusiasm on
the part of the conscripts (only a quarter of invited subjects
agreed to participate), the investigators managed to follow
179 of them for a period of 6 to 12 months. During this time,
8% of study participants suffered a stress fracture. It was
found that tall height, poor physical conditioning, low hip
bone mineral density, as well as high serum parathyroid hor393
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mone level were risk factors. Thus, the authors came up with
the hypothesis that vitamin D supplementation (to decrease
serum parathyroid hormone levels) might reduce the incidence of stress fractures.
For those with a deeper interest in stress fractures, Rome
et al. have compiled an exhaustive review of prevention trials5. Most of the interventions did not work, but the available
evidence seems to suggest that shock-absorbing inserts in
footwear may reduce the incidence of stress fractures. But
then, only one out of four studies that tested shock absorbers
found a significant effect, and that report ominously "lacked
important information about trial design". Why shock
absorbers should work at all is not so clear. Is it not the
repetitive muscle pull rather than the ground reaction forces
that lead to stress fracture? Anyway, it looks like a lot of
work still needs to be done before this research will make a
difference to the lives of military recruits.

Muscles and bones post-stroke
Stroke is common and so are fractures after stroke. This
probably makes bone problems after stroke one of the most
frequently occurring neuro-musculoskeletal disorder. So for
sure there are plenty of papers about the skeletal effects of
stroke in the Journal of Musculoskeletal & Neuronal
Interactions? Far from it. To date, only one article about
stroke patients has been published in JMNI6.
So, if we want to learn about the latest studies on the topic,
we have to turn to some of the usual suspects, Bone and
Osteoporosis International. Pang et al. compared paretic and
non-paretic arms in 56 subjects with chronic stroke (>1 year
after the event)7. Using DXA they found that the paretic arm
had 14% less bone mineral content and 9% less lean mass but
6% higher fat mass. Multiple regression analysis showed that
lean mass and muscle force were significant predictors of
bone mineral content in the paretic arm. Similar studies
about the proximal femur made by the same group of authors
on the same patient group yielded analogous results7. The
authors hypothesize that muscle strengthening may turn out
to be beneficial for the bones of chronic stroke patients.

Jörn Rittweger
Bone, leptin and the sympathetic nervous system
The reader of this heretic column may wonder why, so far,
the interplay between leptin and the bone has been neglected – although, according to the protagonists in the field it
constitutes a powerful neuro-skeletal interactiona. Earlier
studies have shown that intracerebroventricular infusion of
leptin causes bone loss in leptin-deficient and wild type mice,

a
b

Without any involvement of the muscle.
It obviously did not occur to neither authors, referees, nor readers that the
two postulated mechanisms are grossly incompatible with each other.
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but not in mice that lack the leptin receptor8. Leptin has
therefore been suggested to inhibit bone formation through
a mechanism of action within the hypothalamus of mice.
Gerard Karsenty’s group now provides evidence that intracerebroventricular leptin, via the sympathetic nervous system,
does not only hamper bone formation but also boosts bone
resorption9. The mechanistic agents in this chain of effects
were found among the usual suspects: adrenergic ‚2-receptors induce the osteoblastic release of RANKL via an intracellular cascade that involves protein kinase A and ATF4, an
osteoblast-specific CREB-related transcription factor. In
addition to these players, ‘cocaine amphetamine regulated
transcript’ (CART), a hypothalamic, leptin-dependent neuropeptide, seems to have an effect upon osteoblasts that is
independent of and antagonising to the anti-osteogenic leptin effect via the sympathetic nervous system. Further
research in this interesting area should try to substantiate its
relevance to human physiology, and to unravel the central
nervous hierarchy of signal transmission, as the hypothalamus is neither the direct nor the unique input to the sympathetic nervous system.

Hyperhomocysteinemia – more than just a
difficult word?
The latest entry in the hit list of scientific tongue twisters
is the starter in the above headline. I refrain from re-typing
it and suggest the abbreviation HHC instead. As the professors in biochemistry have taught us, homocysteine is utilized
for the synthesis of methionine; folate and cobalamin (Vit
B12) are further compounds that are required in this step.
Accordingly, plasma levels of homocysteine increase when
levels of folate and/or cobalamin are low. But what does all
this have to do with bone?
Well, recent evidence suggests that older people with
HHC have an increased risk of hip fracture. This was found
in a sub-group of the Framingham study, that glorious enterprise which was begun in 1948 in order to identify risk factors for cardiovascular (and not for musculoskeletal) diseases. But HHC was also a risk factor for hip fracture in a
study of Japanese stroke patients10,11. Hence, as the authors
of these studies conclude, an old hypothesis by McKusick
may hold true, which postulates that HHC compromises the
cross-linking of collagen (cf10). Alternatively, and no surprise
to the connoisseurs of osteoporosis ‘research’, a reduced
DXA-BMD is suspected as the villainb. Quite interestingly,
and again based on the Framingham study, DXA BMD is
indeed reduced in patients with low serum levels of cobalamin12. But is this relationship between low plasma cobalamin, high homocystein and hip fracture not just an observational epi-phenomenon? Is there a genuine cause-effect
relationship? The answer might be: yes. At least this is suggested by a recent study13. In a double-blind, randomized
controlled study, Sato et al. supplemented folate and
mecobalamin in patients with a history of stroke. After two
years of treatment, serum homocysteine levels had gone
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down in the treated group, and the risk of hip fracture was
reduced by 80%. Importantly, there was no group difference
with regards to BMD.
It seems, however, as though HHC research has inherited
the institutional blind spot from osteoporosis research.
Which, of course, is the risk of falls! As it is preached from
the pulpits in and around Esslingen: osteoporosis may be a
risk factor for hip fractures, but its cause lies in the fall! This
has not been, but ought to be, investigated in the case of
HHC. Therefore, JMNI readers may wish to spell term successfully in their next grant application.

Fresh news about old muscles
In contrast, I recommend some reservation when using
the word sarcopenia. This term was coined by Rosenberg in
198914 and literally means ‘poverty of flesh’ - which, as the
JMNI reader will be aware of, is supposed to constitute a
medical problemc. Undoubtedly, the decline of the musculature with age gives rise to a plethora of conditions, falls and
fractures being only one of them. But is it really the reduced
muscle mass which causes the problems in old age, or is deterioration of function more relevant? Runge et al. have
recently reported that, in a population of ‘fit’ elderly, the
peak jumping power may decrease by 50% between age 20
and 80 without any change in calf muscle cross-section15.
Hence, while ageing may or may not affect muscle mass, this
study suggests that the loss in muscle function rather than a
loss of muscle mass is a hallmark.
All this is more than a merely academic problem.
Atrophy, i.e., the muscle’s response to disuse and de-training, and even more so cachexia, i.e., the disease-related loss
of muscle mass, are likely contributors to the changes of the
musculature in the elderly. Confusing the effects of senescenced with those of sedentarism and co-morbidity will most
certainly entail flawed diagnostic procedures and futile therapeutic attempts.
However, there is some good progress, e.g., by the very
interesting rat model described by Edström & Ulfhake16.
The beauty of this publication lies not least in the clearness
of its cybernetic concepts. In that study, sarcopenia was identified in individual, aged rats as a reduction in mass of the
soleus muscle. Low soleus mass was associated with disrupted locomotion. Moreover, the concentration of nuclei in the
sarcopenic soleus muscles was increased, as was the concentration of the myogenic regulatory factors MRF4, Myf-5,
MyoD and Myogenin, and IGF-1 mRNA. The authors conclude that, in this model, the anabolic stimuli are expressed,
but eventually ineffective. If this were true in general, then
the problem of the ageing muscle would not be so much its
regeneration, i.e., activation and fusion of stem cells. Rather,
the findings of this study would be compatible with neurodec
d

And not an agro-economic or culinary one.
Senescence is the irreversible biological process associated with ageing.

generation playing a decisive role.
The loss of motor units with increasing age, i.e., the reduction
of motoneurons and their muscle fibres, has been known to
occur for a long time and was first been described by Petito’s
group in 197317. In the extensor digitorum brevis muscle, this
affects about 75% of all units by the age of 70. It is generally
thought that for some reason the motoneurones decay first. This
is in particular true of those neurones that innervate fast twitch
fibres. Similar findings have been made in many non-locomotor
muscles. Using the sophisticated technique of decompositionenhanced spike-triggered averaging18, Doherty’s group has now
obtained the expected results, namely a loss of motor units and
a reduction in fast twitch fibres, also for the tibialis anterior muscle19. Again, these results do highlight the important role of neurodegeneration for the ageing muscle.
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