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Muscle-bone interactions were featured 
prominently at the 2010 ASBMR Annual 
Meeting, beginning Friday evening with the 
Working Group on Skeletal Aging that 
followed the plenary poster session and 
welcome reception. The Working Group 
included an insightful clinical overview of 
sarcopenia and aging by Dr. Thomas Lang, 
and talks by Drs. Douglas Kiel and David 
Karasik that synthesized many of their 
genome-wide association studies 
documenting pleiotropy for muscle and bone 
traits. Dr. Mary Leonard presented an 
overview and synthesis of her clinical 
studies on muscle and bone abnormalities 
and body composition alterations in children 
and adolescents, and the presentations 
ended with Dr. Mark Johnson’s intriguing 
talk titled “The Muscle-Bone Endocrine 
Axis.” This talk was particularly timely 
because earlier in the evening two posters 
from Dr. Johnson’s group (1;2) showed 
exciting new data revealing that secreted 
factors from muscle cells can have profound 
influences on osteocytes in culture, and vice 
versa. The former finding is consistent with 
our own studies demonstrating that muscle-
derived factors influence bone formation (3), 
and with other data from cardiovascular 
research laboratories suggesting that 
secreted “myokines” can influence a variety 
of metabolic processes via muscle-fat 
crosstalk (4;5). These data all point to a 
growing interest from physiologists in 
secreted myokines, an interest that in the 
future is likely to rival the interest in 
adipokines that has characterized the last 
decade. The data from Dr. Johnson’s group 
suggesting that osteocyte-derived factors 

influence muscle cell morphology and 
function are perhaps of even greater 
novelty. Although researchers from Julius 
Wolff to Melvin Moss and Harold Frost have 
all provided various models for how muscle 
might influence bone, few if any skeletal 
biologists have proposed ways in which the 
relationship might work in reverse. This is a 
very exciting and important direction for the 
bone field, which points to an expanded role 
for integrative physiology in the ASBMR.  
We expect future studies to identify specific 
ligands and receptors that mediate muscle-
bone crosstalk. 
 
Perhaps further underscoring the important 
role of muscle in bone metabolism, the 
plenary symposium on Saturday morning 
titled “The Hip Fracture Epidemic” featured a 
keynote presentation by William Evans of 
GlaxoSmithKline titled “Muscle Quantity and 
Quality: Sarcopenia Contributes to Fracture 
Risk.” Dr. Evans began the talk with an 
overview of his many studies on the 
mechanisms of age-associated muscle 
wasting, mechanisms that include insulin 
resistance, disuse, inflammation, and 
nutritional deficiencies. Particularly 
impressive from our perspective were the 
data linking alterations in muscle strength, 
growth hormone-IGF1 signaling, and protein 
intake. Dr. Evans’ previous findings 
synergized nicely with new data presented 
at the ASBMR meeting showing that higher 
total protein intake was associated with 
greater lean mass among middle-aged men 
and women in the Framingham 
Osteoporosis Study (6), and that higher 
protein intake was associated with increased 
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bone mass and IGF-1 in calorie-restricted 
volunteers (7). Moreover, Chevalley and 
colleagues (8) observed a synergistic effect 
between high protein intakes and high 
physical activity levels on femoral neck bone 
mass in boys followed 8 years from early to 
late puberty. Collectively, these results 
provide an empirical foundation for the 
design of more effective treatment and 
prevention strategies for falls and fractures 
that incorporate both dietary and behavioral 
interventions. Further support for the 
effectiveness of such an approach was 
provided by the plenary poster from Schacht 
and Ringe (9), which investigated the effects 
of daily alfacalcidol (1 mcg) therapy on 
muscle power, muscle function, and balance 
performance. The investigators found that 
the treatment regimen significantly improved 
muscle function after three months as 
assessed using the Timed-Up and Go Test 
(TUG) and the Chair Rising Test (CRT). 
Their data, along with studies previously 
published by the labs of Drs. Heike Bischoff-
Ferrari (10) and Kate Ward (11;12), provide 
further evidence that vitamin D may have 
significant, positive effects on muscle 
function that may in turn decrease the risk of 
falls and fractures. 
 
Generally, the human literature provides 
much evidence for both muscle forces and 
gravitational forces influencing bone 
mass/density via mechanical loading; 
however, little is known about their influence 
on other aspects of bone strength such as 
geometry (e.g., size and shape) and their 
effects solely on trabecular and cortical 
compartments. Two quality abstracts were 
presented that advance our knowledge in 
this particular area of research. In one 
abstract, investigators found in both pre-
adolescent boys and girls that total body 
lean mass, but not muscle force or power 
(measured by two-footed jump via a 
mechanography ground reaction platform), 
predicted various trabecular and cortical 
bone geometry parameters at the tibia 
measured by high-resolution pQCT (13). 
Other researchers reported that in middle-
aged adults radial muscle cross-sectional 
area was a stronger predictor of pQCT-
derived radial bone geometry parameters at 
a trabecular site, whereas muscle force 
(measured by hand-grip dynamometry) was 

a better predictor of radial bone geometry 
parameters at a cortical site (14). One may 
arrive at the conclusion that the effects of 
muscle size and function on bone geometry 
and trabecular and cortical compartments 
may be age- and skeletal-site specific; 
however, since these bone data come from 
either a weight-bearing site or a non-weight-
bearing site, study comparisons are made 
difficult. Given that bone geometry provides 
additional and possibly greater information 
on bone strength than density alone, it is 
important to re-examine the trabecular and 
cortical bone geometry consequences of 
novel exercise programs specifically 
designed to target muscle-derived vs. 
gravity-derived bone loading in all age 
groups. The direct effects of muscle strength 
on bone mass and bone geometry were 
further discussed by the Muscle and Bone 
Working Group. This group featured a 
number of interesting presentations relating 
clinical conditions associated with muscle 
hypofunction, such as Crohn’s disease, 
stroke, and hemophilia, to bone loss. The 
participants clearly showed that, as in 
Duchenne muscular dystrophy, bone loss is 
a significant co-morbidity that accompanies 
muscle wasting.  
 
Although there is growing evidence in adults 
that being physically active reduces 
osteoporotic-related fracture risk (15-17), 
similar data in children are lacking. In fact, in 
a recent 2-year prospective study of 2,692 
preadolescent children, Clark and 
colleagues (18) found that being too 
physically active may perhaps increase 
fracture risk, despite associations of greater 
bone mass and size also found with higher 
levels of physical activity. These results 
would imply that having stronger bones 
might not compensate for the increased 
exposure to injuries. Opposing data were 
presented by Dr. Fredrik Detter, who was 
awarded the 2010 ASBMR Young 
Investigator Award (19). The study was a 5-
year, population-based, controlled exercise 
intervention that included 2,395 children 
aged 7-9 years. The intervention group 
performed 200 minutes/week of school-
based physical activity compared to only 60 
minutes/week in the control group (the usual 
amount of physical education time per week 
in Sweden). There were 20 fractures per 
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1,000 person-years in the intervention group 
and 18.5 fractures per 1,000 person-years in 
the control group. The investigators reported 
these findings as a rate ratio of 1.08 (95% 
CI: 0.79-1.47). Overall, annual gains in bone 
mass and structure parameters at the 
lumbar spine, hip, radius and tibia, 
measured by DXA and/or pQCT, were 
significantly greater in the intervention group 
than in the control group. The important 
message that Dr. Detter stressed was that 
increasing duration of physical activity in a 
school-based program can improve skeletal 
strength without increasing the risk of 
fracture. He further noted that building 
stronger bones during childhood via 
increasing time in school-based exercise 
programs may also be beneficial for these 
children's bones with regard to preventing 
fragility fractures in old age. Dr. Detter and 
colleagues did not provide information on 
exercise intensity of their intervention; 
however, in another oral presentation, Dr. 
Jon Tobias provided some intriguing cross-
sectional data on relationships between 
exercise intensity and pQCT-derived cortical 
bone measurements in 1,748 adolescent 
boys and girls (20). The investigators found 
that between light, moderate and vigorous 
levels of physical activity, only vigorous 
physical activity (≥ 6 METS; measured by 
accelerometer devices) was significantly and 
positively associated with cortical bone 
mass and structure at the tibia. Though the 
authors concluded that childhood exercise 
interventions should include high-impact, 
intense activities such as jogging or running 
in order to be of benefit to the growing 
skeleton, it must be noted that their study 
findings were derived from observational, 
rather than interventional, data. To exclude 
self-selection bias (i.e., athletically-inclined 
youth may be genetically predetermined to 
posses stronger bone, thus making them 
more apt to participate in vigorous sports or 
activities), experimental work is needed to 
confirm benefits of vigorous vs. moderate 
physical activity on childhood bone health.  
 
Together, the translational and clinical data 
on muscle and bone presented at this year’s 
ASBMR meeting show that integrated 
studies linking soft tissue physiology, diet, 
and physical activity with bone metabolism 

will continue to lead the way in improving 
skeletal health.  
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