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THE EFFECT OF OVARIECTOMY ON CHOLESTEROL AND THE

INFLAMMATORY-ASSOCIATED MARKERS RANKL AND TNF-α
IN THE RAT ANIMAL MODEL OF POSTMENOPAUSAL

OSTEOPOROSIS

I. Dontas1, P. Lelovas1, K. Venetsanou1, C. Passali1, A. Patsaki1, 
S. Rizou1, A. Triantafyllou2

1Laboratory for Research of the Musculoskeletal System, School of Medicine,
University of Athens, Greece
2Laboratory of Biological Chemistry, School of Medicine, University of Athens,
Greece

Objectives: The aim of the present study was to investigate the effect of
ovariectomy in mature rats, a frequently used animal model in post-
menopausal osteoporosis research, on plasma cholesterol and the inflamma-
tory markers RANKL and TNF-α. RANKL is a cytokine necessary for
osteoclast differentiation and activation. TNF-α is a cytokine involved in
acute systemic inflammation.

Materials & Methods: Forty mature (10-month-old) female Wistar rats
were separated into 2 groups: Group A (n=20) subjected to ovariectomy,
while Group B (n=20) was used as a control age-matched group, not sub-
jected to any intervention. Blood was collected six months after ovariectomy
by retroorbital puncture and measurements were conducted by Enzyme-
Linked-Immuno-Sorbent-Assay (ELISA) using rat-specific Millipore Milliplex
Map kits.

Results: In Group A (ovariectomized rats) total plasma cholesterol values
were 102±2.8 mg/ml (mean±SEM) and in Group B (non-ovariectomized
rats) they were 82.2±4.1 mg/ml. Respective RANKL values were 9.28±1.2
pg/ml and 6.33±0.99 pg/ml. Respective TNF-α values were 0.89±0.28 pg/ml
and 0.84±0.19 pg/ml. Comparison between groups was conducted with
Mann-Whitney test and revealed significantly higher (p=0.01) cholesterol
levels as well as significantly higher (p=0.006) values of RANKL in Group
A, whereas comparison of TNF-α between groups showed no significant
difference. 

Discussion: Ovariectomy induced a significant increase in Group A rats’
cholesterol and RANKL values, while no difference was observed in TNF-α
values between groups six months after surgery. The relationship of cholesterol
in inflammatory processes has been documented and is supported by the pres-
ent results. RANKL is an inflammatory marker and is related to increased
bone resorption, which is in agreement with its increased levels in the ovariec-
tomized rats. The non-significant difference of TNF-α between groups is pos-
sibly due to its role in acute systemic inflammatory conditions. Since blood
sampling was conducted six months after ovariectomy, it can be supported
that the phase of acute inflammation due to surgery had passed.

Summary: Cholesterol and RANKL plasma levels increased significantly
in ovariectomized rats, whereas there was no change in TNF-α. A future in-
vestigation from the acute to the late post-operative phase is necessary for fur-
ther documentation of the consequences of rat ovariectomy on the temporal
changes of these parameters.

GRAVITATIONAL LOADING ALONE IS INSUFFICIENT TO MAINTAIN

BONE STRENGTH

M. Ducos, T. Weber, S. Finzel, T. Koy, E. Mulder, G.P. Brüggemann,
J. Rittweger

Objectives: Bone mineral content decreases as a consequence of microgravity
and immobilization. Therefore, models like bed rest, cast immobilization, and
lower limb suspension have been applied to study bone responses to unloading
in humans. However, these models cannot distinguish between the relative roles
of muscle contraction and gravitational loading for maintaining healthy bones.
An alternative model is proposed to study the muscle-bone relationship. 

Subjects & Methods: HEPHAISTOS is a newly developed orthotic device
for the lower limb that allows normal ambulation while greatly reducing forces
generated by the calf musculature. Eleven male subjects wore HEPHAISTOS
unilaterally for eight weeks within the frame of an ambulant study. Functional
and anatomical muscle data of the calf musculature were obtained periodically
during the intervention as well as during a six months recovery period. Bone
density was assessed via peripheral Quantitative Computed Tomography
(XCT 3000, Stratec and Xtreme CT, Scanco). Muscle strength was assessed
by means of dynamometry and muscle volume was estimated based on mag-
netic resonance imaging. 

Results: As a result of the intervention, total bone mineral content dropped
in the distal tibia by 1.8% (p=0.03), compact bone mineral content was re-
duced by 3.45% (p=0.03) whereas trabecular bone mineral content was only
lowered by 0.71% (p=0.3). Maximal isokinetic plantarflexion torque de-
creased by 21.8% (p=0.002). Plantarflexor muscle volume decreased by
16.6% (p=0.02) for m.Gastrocnemius medialis, 20.0% (p=0.01) for m.Gas-
trocnemius lateralis, and 15.6% (p=0.007) for the group m. Soleusm.Flexor
hallucis longus. 

Discussion: The observed changes in muscle volume in the present study
compare to the changes observed during bed rest of the same duration, whereas
the loss in bone mineral content approximated to about 50% of that induced
by bed rest. 

Summary: To the knowledge of the authors, this study is the first to isolate
the role of muscle contractions and gravitational loading in maintaining bone
health. Our findings indicate that gravitational loading alone is insufficient to
maintain bone strength. Interventions aiming at maintaining or improving
bone heath should therefore integrate muscular activity. 

ADAPTION OF BONE SHAFT GEOMETRY IN PATIENTS WITH

RHEUMATOID ARTHRITIS AND THE INFLUENCE OF

BISPHOSPHONATE USE

P. Eser, J. Widmer, P. M. Villiger, D. Aeberli
Dept. of Rheumatology and Clinical Immunology/Allergology, Inselspital
CH-3010 Bern

Background: The geometry of long bone shafts is adapted in response to
prevailing loads by bone modeling and remodeling at the outer and inner en-
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velopes of the cortical bone shaft (periosteal and endosteal surface, respec-
tively). In healthy age-related bone endosteal resorption is compensated by
periosteal apposition, with resulting maintenance of bone strength. In recent
cross-sectional studies using peripheral quantitative computed tomography
(pQCT) we have shown that the metacarpal bone shaft of RA patients has a
thinner cortex but a greater outer circumference. In the last years, several case
studies linked RA with increased risk of bone shaft fractures at metatarsal, tib-
ial and femoral bone. A recent American Society for Bone and Mineral Re-
search task force report related long bone shaft fractures of the femur to
long-term use of bisphosphonates (BP), particularly in patients with rheuma-
toid arthritis (RA) and those treated with glucocorticoids (GC). The mecha-
nisms causing these fractures are unknown, and the task force stressed the
need for studies that elucidate the effect of BP on bone in patients with other
morbidities such as RA and on other bone-affecting drugs such as GC. The
aim of the present study was to compare longitudinal changes in cross-sec-
tional areas (CSA) of the marrow cavity and total bone at the tibia and
metacarpal bone shafts between a group of RA patients under BP therapy, a
group of RA patients who are BP naïve, and a group of healthy controls.

Methods: Longitudinal study of consecutive RA patients with BP (RA-
BP), and RA patients without bisphosphonate (RA) seen at the Department of
Rheumatology of the Inselspital Bern. Additionally, a group of healthy con-
trols was recruited from hospital staff and through locally distributed flyers.
PQCT measurements were performed at the third metacarpal bone and the
tibia. Scans were placed at 4% of the distal epiphyses, and at 50% of total
bone length at the metacarpal bone and 66% at the tibia (measured from the
distal bone end). From the epiphyseal scans total and trabecular BMD were
calculated, and from the shaft scans total boneCSA(including medullary CSA),
cortical CSA (excluding medullary CSA), medullary CSA and cortical wall
thickness were determined.Linear regressions were performed between
changes in medullary CSA and total bone CSA at the tibia and metacarpal
bone shaft for each separate group (RA, RA-BP, Control). Changes in total
and trabecular BMD were related to GC cumulative dose and DAS28 (score
calculated from swelling and tenderness of joints as well as erythrocyte sedi-
mentation rate)within the RA and RA-BP group.

Results: Our preliminary data on 32-month changes in female RA patients
with (9) and without BP therapy (14) and 22 healthy female controls show
that in healthy controls and RA patients without BP endosteal resorption at
the tibia and metacarpal shaft is fully compensated by periosteal apposition. 
RA-BP marrow CSA also increased, however, there was hardly any compen-
sation in total bone CSA. Linear regressions between changes in marrow CSA
and changes in total CSA were significant for the control group and the RA
group without BP (r2≥0.6, p≤0.001 at the tibia and r2>0.3, p<0.03 at the
metacarpal bone), but not in the RA group with BP. Slope differences between
RA and RA-BP were 0.46 at the tibia and 0.40 at the metacarpal shaft
(p<0.05).Interestingly, while at the tibial shaft the size of the compensatory
mechanism at the tibia seems to be the same in RA patients without BP and
healthy controls, at the metacarpal shaft periosteal apposition seems to over-
compensate endosteal resorption in RA patients without BP. No difference in
cortical BMD (porosity) between the RA-BP,RA and control group was found.
Loss in trabecular and total BMD was also present in some RA-BP subjects.

Conclusion: Preliminary data from longitudinal measurements at the shaft
of metacarpal bone and tibia confirm that the endosteal bone loss is fully com-
pensated by periosteal apposition in RA patients without BP. However, our
data of RA patients on BP therapy indicate that in some patients, BP fails to
stop the endosteal bone loss but may in fact inhibit the compensatory pe-
riosteal bone apposition. The resulting bone loss leads to cortical thinning,
which reduces bone strength and may predispose to fractures. Further, our pre-
liminary data show that BP fails to stop epiphyseal trabecular bone loss in
some RA patients.

WHOLE BODY VIBRATION EXERCISE IMPROVES BODY BALANCE

AND WALKING VELOCITY IN POSTMENOPAUSAL OSTEOPOROTIC

WOMEN TREATED WITH ALENDRONATE: 
GALILEO AND ALENDRONATE INTERVENTION TRAIL (GAIT)
J. Iwamoto, T. Takeda, H. Matsumoto
Institute for Integrated Sports Medicine, Keio University School of Medicine,
Shinjuku-ku, Tokyo, Japan

Objectives: Recently, whole-body vibration (WBV) exercise has been de-
veloped as a new modality in the field of physiotherapy and has been used to
improve physical function in the elderly. However, the effect of WBV exercise
on physical function in postmenopausal osteoporotic women has rarely been
investigated using randomized controlled trials. A randomized controlled trial
was conducted to determine the effect of 6 months of WBV exercise on phys-
ical function in postmenopausal osteoporotic women treated with alendronate.

Subjects & Methods: Fifty-two ambulatory postmenopausal women with
osteoporosis (mean age: 74.2 years, range: 51-91 years) were randomly di-
vided into two groups: an exercise group and a control group. A four-minute
WBV exercise was performed two days per week only in the exercise group.
No exercise was performed in the control group. All the women were treated
with alendronate.

Results: There were no significant differences in baseline characteristics
including age, height, body weight, body mass index, number of fallers in the
past 3 months, number of subjects with history of clinical fracture, bone
turnover markers including serum alkaline phosphatase (ALP) and urinary
cross-linked N-terminal telopeptides of type I collagen (NTX), and physical
function parameters in terms of the indices for flexibility, body balance, mus-
cle power, and walking velocity. After 6 months of the WBV exercise, the in-
dices for flexibility, body balance, and walking velocity were significantly
improved in the exercise group compared with the control group. The exercise
was safe and well tolerated. The reductions in serum ALP and urinary NTX
during the 6-month period were comparable between the two groups.

Conclusions: The present study showed the benefit and safety of WBV ex-
ercise for improving physical function in postmenopausal osteoporotic women
treated with alendronate.

AGE AND ETHNIC DIFFERENCES IN NEUROMUSCULAR FUNCTION

M.S.M. Jeffery1, J.E. Adams2, S.R. Pye3, T.W. O’Neill3, F.C.W. Wu4,
A. Prentice1, K.A. Ward1,2

1MRC Human Nutrition Research, Elsie Widdowson Laboratory, Cambridge,
UK
2Clinical Radiology; Imaging Science and Biomedical Engineering, University
of Manchester, Radiology and Academic Health Science Centre, Manchester,
The Royal Infirmary, Manchester, UK
3Arthritis Research Epidemiology Unit, University of Manchester, Manchester
Academic Health Science Centre, Manchester, UK
4Andrology Research Unit, Developmental & Regenerative Biomedicine Research
Group, University of Manchester, Manchester Academic Health Science 
Centre, The Royal Infirmary, Manchester, UK

Objective: Ageing is associated with physiological changes to muscle mass,
composition, and function. Poor muscle function is associated with increased
risk of falls and fragility fracture. However, little is known about ethnic dif-
ferences in muscle function with ageing. The aim of this cross-sectional study
was to compare neuromuscular performance in an ethnically diverse group of
middle aged and elderly men using jumping mechanography.

Subjects & Methods: 303 male participants aged 40-82 (mean 62 SD±11)
years were recruited from the Greater Manchester area: 67% (n=203) Euro-
pean Caucasian, 14% (n=43) South-East Asian, and 19% (n=57) Afro-
Caribbean. Jumping mechanography (Novotec Medical GmBH) was used to
assess relative-muscle force (N/kg), relative-power (W/kg) and velocity (m/s)
from a single 2 leg counter-movement jump for maximal height. ANOVA with
Scheffé test for post-hoc analysis tested age and anthropometric differences
between groups. Linear regression tested age-related differences in all output
measurements. Age adjusted ANCOVA with post-hoc Scheffé analysis tested
ethnic differences in neuromuscular performance. Results are presented as
mean difference [SEM].

Results: Caucasians were 6.6 [1.6] years older than Asians (p<0.001) and
4.9 [1.8] years older than Afro-Caribbeans (p=0.02). There were no significant
differences in age between Afro-Caribbeans and Asians or in height between
Afro-Caribbeans and Caucasians. Caucasians were 0.04m [0.1] taller than
Asians (p<0.001). Body mass (mean 84.4kg SD±12.4) and BMI (mean 28.3
SD±3.7) did not significantly differ between groups. Relative-force (R2=0.05,
p=0.002), relative-power (R2=0.42, p<0.001) and velocity (R2=0.39, p<0.001)
were negatively associated with age. 

After correcting for age, Asians produced less relative-force compared to
Afro-Carribeans (-9.1%[2.9], p=0.007); relative-power than Caucasians (-14.2%
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[3.0], p<0.001) and Afro-Caribbeans (-18.7%[3.9], p<0.001); velocity than
Caucasians (-9.6%[2.2],p<0.001) and Afro-Caribbeans (-10.5%[2.9],
p=0.002). There were no significant differences in relative-force between Cau-
casians and Asians or relative-force (-5.7%[2.4], p=0.06), relative-power and
velocity between Caucasians and Afro-Caribbeans.

Discussion: Neuromuscular performance was negatively associated with
age. Asians generated less relative-force than Afro-Caribbeans, and less rela-
tive-power and slower speed of movement compared to Afro-Caribbeans and
Caucasians. There were no significant differences in relative-force between
Caucasians and Asians or neuromuscular function between Afro-Caribbeans
and Caucasians: force approached significance. Whether ethnic differences in
muscle function correspond to differences in bone geometry and strength and
can be explained by variances in muscle composition, nutrition or hormonal
status remains to be determined.

Summary: Our data show age and ethnic related differences in neuromus-
cular performance. It remains to be determined whether neuromuscular dif-
ferences relate to ethnic variation in fracture risk.

FALLS, PHYSICAL ACTIVITIES AND VITAMIN D3 SERUM

CONCENTRATION IN WOMEN WITH PRIMARY AND SECONDARY

OSTEOPOROSIS: A PROSPECTIVE STUDY – FIRST BASELINE

RESULTS

H. Börst1, U. Stege1, M-L. Tung2, K. Tews1, D. Felsenberg1

1Centre for Muscle and Bone Research, Campus Benjamin Franklin, Charité -
University Medicine Berlin, Germany
2Schmerzzentrum Berlin, Germany

Objectives: Since March 2011, a prospective survey has been in progress
on the multifactorial influences in the development of osteoporosis in women
treated in the osteoporosis outpatient clinic at the Charité. The aim of this sur-
vey is the development and implementation of an assessment to be included
in the framework for treatment of osteoporosis patients. This will then be used
as a supplement to the current DVO guidelines for osteoporosis therapy. This
analysis will evaluate the first data from the baseline survey in falls/fallers,
physical activity and the vitamin D status in women with primary and sec-
ondary osteoporosis. 

Subjects & Methods: In total, 150 patients were asked to participate in the
baseline interview. Fifteen patients declined to participate and for 33 patients,
data entry was not completed at the time of the analysis. Using a sample of
102 patients with primary and secondary osteoporosis, physical activity and
falls were evaluated using questionnaires for this interim analysis. 

In total, the following data was collected in the survey: sociodemographic
status, duration of the disease, risk factors, osteoporosis medications, physical
activity, number of falls and fractures, blood parameters (BAP, CTX, calcium,
25-OH-vitamin D3), bone density, QCT and standardised questionnaires to
assess psychological factors (personality, depression, state anxiety, trait anx-
iety), pain assessment (pain medications, pain perception, intensity, chronicity)
and information on activities of daily living (ADLs).

Results: The mean age of the patients was 73.6±6.9 years, where mean age
of onset of osteoporosis was 63±9.2 years and mean duration of the disease
was 10.6±7.7 years. From the 102 patients assessed, in the 12 months prior to
the conduction of the baseline survey, 29 (28.4%) patients reported a fall.
Overall, there were 43 reported falls, from which 48.8 % were of a locomotive
nature, 23.3% were due to a syncopal episode, 11.6% were due to an accident
and 16.3% could not be classified. 82.8% of the fallers were physically active
and 17.2% reported no physical activity. In the group of physically active pa-
tients, the proportion of fallers was 29.3%, whereas in the physically inactive
group, the proportion of fallers was 25%. The vitamin D serum levels of all
patients were in the lower normal range. On average, the fallers demonstrated
a lower but not significant vitamin D serum level as the non-fallers
(72.86±28.4 nmol/l vs. 76.18±25.4 nmol/l). All physically inactive patients
that reported a fall also reported at least one fracture after menopause. In com-
parison, 70.8% of the fallers that were physically active reported at least one
fracture post menopause. The age of onset and duration of the disease did not
differ between fallers and non-fallers. 

Conclusions: It should be checked whether the vitamin D supplementation
can be optimized. The rate of fallers in this study (about one third) corresponds
to the faller’s rate published in the literature. The number of patients which are

physically active (group A) and sustained at least one fall was slightly higher
(4%) in comparison to the number of physically inactive patients (group B)
who sustained at least one fall. In group A, however, the rate of patients who
experienced at least one fracture after menopause was lower compared to
group B (30%). 

Summary:A detailed evaluation of the complete baseline data will provide fur-
ther information and insight into the specific factors associated with risk of falls.

A STUDY EXAMINING THE EFFECT OF TWO-YEAR PHYSICAL

ACTIVITY HISTORY ON CURRENT BONE HEALTH STATUS AND

BODY COMPOSITION USING PQCT IN PRE-PUBERTAL SOUTH

AFRICAN CHILDREN

R.M. Meiring, I. Avidon, J.A. McVeigh
Exercise Physiology Laboratory, School of Physiology, University of the
Witwatersrand, Johannesburg, South Africa

Objectives: Although a paucity of data exists on SA children, what has
been previously demonstrated is that Black children despite difficult living
conditions, including poor nutrition and low physical activity levels, have
greater hip BMD, greater bone strength and a decreased hip fracture incidence
compared to White children. What is not known is whether a two year history
of equal levels of PA could negate the ethnic differences observed between
the two groups. In addition these differences have not been observed using
the more novel technique of pQCT.

Subjects & Methods: Seventy six pre- to early pubertal children between
the ages of 8 and 11 participated in the study. Children were classified as being
at either Tanner pubertal stage 1, 2 or 3. Children reported on all their physical
activities over the past 2 years in an interviewer administered physical activity
questionnaire (PAQ). Children were divided into 3 groups (high, medium and
low bone loading) based on the peak bone strain score (PBSS) obtained from
the PAQ. All participants underwent a whole body and site specific bone den-
sity scan using DXA and pQCT. Comparisons were made between the PBSS
and DXA and pQCT measures of bone density, strength and geometry. Serum
IGF-1 levels (ng/mL) were also measured and correlated to measures of bone
health. BMC was adjusted for height, weight and bone area.

Results: The high bone loading group had significantly greater lumbar ver-
tebrae BMC compared to the medium bone loading group (p=0.007). The high
bone loading group also had higher whole body BMC than both the low and
medium groups (p=0.001). The high and medium bone loading groups had
significantly higher radial strength strain indices compared to the low bone
loading group (p=0.004 and p<0.0001 respectively). There was no difference
between Black and White children in bone content and density measures in
the high bone loading group. There was a significant relationship between
IGF-1 concentration and proximal tibial strength strain index (p=0.03). 

Discussion: South African children who in the past 2 years, regularly par-
ticipated in weight-bearing physical activity, had more bone mineral content
than those children who had lower peak bone strain scores in the 2 years pre-
ceding assessment, irrespective of race.

Summary: This study has examined physical activity levels in conjunction
with pQCT scans for the first time in South African children. Our study sug-
gests that the racial differences in bone health previously reported in Black
and White South African children may be attenuated with equivalent levels
of participation in weight-bearing physical activity.

PATIENTS WITH TURNER SYNDROME AND ISOLATED SHOX
DEFICIENCY HAVE SIMILAR BONE GEOMETRY BUT DIFFERENT

TRABECULAR BONE MINERAL DENSITY AT THE RADIUS

O. Soucek1, J. Lebl1, J. Zapletalova2, D. Novotna3, I. Plasilova4, 
S. Kolouskova1, D. Zemkova1, M. Rocek5, K. Hirschfeldova6, 
Z. Sumnik1

1Department of Pediatrics, Charles University, 2nd Faculty of Medicine, University
Hospital Motol, Prague, Czech Republic
2Department of Pediatrics, Palacky University, Faculty of Medicine, University
Hospital Olomouc, Olomouc, Czech Republic
3Department of Pediatrics, Masaryk University, Faculty of Medicine, University
Hospital Brno, Brno, Czech Republic



Abstracts from the 8th International Workshop of ISMNI

105

4Department of Pediatrics, Charles University, Faculty of Medicine, University
Hospital Hradec Kralove, Hradec Kralove, Czech Republic
5Department of Radiology, Charles University, 2nd Faculty of Medicine, University
Hospital Motol, Prague, Czech Republic
6Institute of Biology and Department of Medical Genetics, Charles University,
1st Faculty of Medicine, General University Hospital, Prague, Czech Republic 

Objectives: Girls with Turner syndrome (TS) have altered bone density
and geometry at the radius. The exact etiology of their increased fracture risk
remains unknown, but since short stature homeobox gene (SHOX) plays a
major role in long bone growth, SHOX gene haploinsufficiency has been sug-
gested as one of the possible causal factors. Our objective was to compare
bone geometry and mineral density between girls with TS and patients with
isolated SHOX deficiency in order to test the hypothesis that there is a simi-
larity in skeletal features between these two conditions. 

Subjects & Methods: Sixty-seven girls with TS (median age 14.3 yrs,
range 6.0-19.4) were examined by peripheral quantitative CT (pQCT) at the
non-dominant forearm. Results were expressed as Z-scores using published
reference data and then compared to the results of seventeen patients with iso-
lated SHOX deficiency (median age 12.3 yrs, range 6.7-37.2, 12 children and
5 adults). The differences from reference data were tested by one-sample T
test and differences between TS and SHOX deficiency were tested by two-
sample T test.

Results: There was no difference in anthropometry except BMI (mean Z-scores
0.7±1.0, p<0.001 and 1.3±1.0, p<0.001, for TS and SHOX deficiency, respec-
tively, group difference p=0.031). Trabecular volumetric bone mineral density
(vBMD) was decreased in TS (mean Z-score -0.7±1.3, p<0.001) but normal
in isolated SHOX deficiency (Z-score 0.5±1.5, n.s., group difference p=0.015).
Cortical vBMD was low in both groups (Z-scores -1.6±1.5, p<0.001 and -2.2±2.2,
p<0.001, respectively) without significant group difference. After adjustment
for height both groups had increased total bone cross-sectional area (CSA) at
the diaphysis (Z-scores 0.5±1.5, p<0.01 and 1.5±1.3, p<0.001), but decreased
relative cortical bone CSA (-0.3±1.3, p<0.05 and -1.5±1.6, p<0.01, for TS and
SHOX deficiency, respectively). Patients with isolated SHOX deficiency had
larger total CSA (p=0.0152) but smaller relative cortical CSA (p=0.0079) com-
pared to TS.

Discussion and Summary: While the similarities in bone geometry at the
diaphysis of the radius support the hypothesis that changes in bone structure
in patients with TS are caused by SHOX haploinsufficiency, decreased trabec-
ular vBMD in TS is probably a consequence of hypogonadism due to ovarian
failure.

Keywords: Turner Syndrome, SHOX Deficiency, Bone Density, Bone Geometry,
pQCT.

EFFECTS OF 13-WEEK EXERCISE PROGRAM WITH WHOLE-
BODY VIBRATION ON MUSCLE HYPERTROPHY, MUSCLE

STRENGTH, AND ABDOMINAL FAT REDUCTION IN UNTRAINED

ADULTS

Y. Osawa1,2, Y. Oguma2,3, N. Ishii1

1Graduate School of Arts and Sciences, The University of Tokyo, Tokyo, Japan
2Sports Medicine Research Center, Keio University, Kanagawa, Japan
3Graduate School of Health Management, Keio University, Kanagawa, Japan

Objectives: The effects of exercise (EX) combined with whole-body vi-
bration (WBV) on muscle hypertrophy, muscle strength, and abdominal fat
reduction are not well understood. We therefore investigated the effects of
WBV in healthy, untrained participants after a 13-week EX course via mag-
netic resonance imaging (MRI) and a maximal isometric lumbar extension
torque test.

Subjects & Methods: Thirty-two individuals (aged 22-49 years) were ran-
domly assigned to EX groups with (EX-WBV, n=16) or without WBV (EX,
n=16). A synchronous vibration device (Power Plate Next Generation; Power
Plate International, Northbrook, IL, USA) was used at a frequency of 35 Hz
and amplitude of 2 mm (peak-to-peak). Participants performed long-term slow
velocity exercises (concentric, 4 sec; isometric, 2 sec, eccentric, 4 sec; 80
sec/set; two for the lower extremities and six for the trunk muscles) on the vi-
bration platform twice weekly, either with (EX-WBV group) or without WBV
(EX group). We progressively increased training intensity by adding external

loads throughout the trial. Before and after the EX program, cross sectional
area (CSA) of trunk muscle and abdominal fat at L4-5 level were assessed
using MRI, and maximal isometric lumbar extension torque was measured. 

Results: Increases in the CSA of the m. psoas major and erector spinae mus-
cles were significantly (P<0.05) greater in the EX-WBV group (+10.7%;
+8.7%) than in the EX group (+3.8%; 0.0%). Similarly, increases from baseline
in maximal isometric lumbar extension torque were also significantly greater
in the EX-WBV group (+51.5%) than in the EX group (+26.4%). No significant
interactions were observed in the CSA of visceral and subcutaneous fat.

Discussion: In our previous study, we noted no significant effects of short-
term (30 sec/set) body weight exercise with WBV on muscle strength or bone-
free lean body mass were (Osawa, 2011). Similarly, training regimens used in
other studies also demonstrated no additional effects of WBV on muscle
strength or power, either with light exercise and low volume (5-8 min/session)
or high-intensity training for a short duration (approximately 30 sec/set) (de
Ruiter, 2003; Kvorning, 2006; Carson, 2010). Our present findings therefore
suggest that additional effects of WBV may be dependent on the training reg-
imen, particularly the duration of WBV exposure and the intensity of training.

Summary: The WBV-induced increases in muscle hypertrophy and muscle
strength observed in the present study suggest potential benefit in incorporat-
ing WBV into slow-velocity EX programs involving long-duration exercise.

ABNORMALITIES IN MUSCLE DENSITY AND MUSCLE FUNCTION

IN HYPOPHOSPHATEMIC RICKETS

L-N. Veilleux, M. Cheung, M. Ben Amor, F. Rauch
Shriners Hospital for Children and McGill University, Montreal, Canada

Objectives: Animal studies suggest that hypophosphatemic rickets (HPR)
is associated with muscle function deficits, but it is unknown whether humans
with HPR have a muscle disorder. In this study we therefore assessed calf
muscle size and density (an indicator of muscle quality), and lower extremity
muscle function in patients with HPR. 

Subjects & Methods: 34 individuals with HPR (6 to 60 years; 9 males)
and 34 age- and gender-matched controls participated in this matched case-
control study. Calf muscle parameters (muscle cross-sectional area and den-
sity) were measured by peripheral quantitative computed tomography. Lower
extremity muscle function (peak force per body weight and peak power per
body mass) was measured by jumping mechanography through five tests with
different levels of difficulty: multiple two-legged hopping, multiple one-
legged hopping, single two-legged jump, chair-rise test and heel-rise test. 

Results: Compared to age- and gender-matched controls, patients with HPR
had normal muscle size (P=0.08) but lower muscle density (P=0.03) and lower
peak muscle force and power (P<0.001 in each test). Muscle function tests
were also lower in the subgroup of patients with straight legs (N=13) than in
controls, even though patients with straight legs had higher muscle function
test results than patients with severe leg deformities. 

Conclusions: The present study suggests that lower extremity muscle weak-
ness is a clinical feature of HPR. Lower muscle quality and limb deformities
contribute to this functional deficit.

3D ΙMAGING ΜETHODS ΙN ;UANTIFYING RAT FEMORAL BONE

CHANGES WITH PREDNISOLONE ADMINISTRATION: μCT, SEM
AND CONFOCAL LM
T. Zikmund1, L.Kvasnica1, D.W. Ray2, M.P. Seed3, M. Burnet4,
A. Boyde1

1Physical Sciences, Oral Growth and Development, Barts’ and The London
School of Medicine and Dentistry, Queen Mary University of London, London
E1 4NS, UK
2Endocrinology and Diabetes Group, Developmental Biomedicine Research
Group, School of Medicine, University of Manchester, Manchester M13 9PT,
UK
3Medicines Research Group, School of Health, Sport and Biosciences, University
of East London, Water Road, E15 2JB, UK
4Synovo GmbH, Paul Ehrlich Str. 15, D-72076 Tübingen, Germany

Objectives: 1) To study X-ray microtomography (μCT) in context of in-
formation gleaned from two SEM methods and confocal fluorescence LM for
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mineralising front labels. 2) To develop new methods for utilising μCT data.
Subjects & Methods: Male Lewis rats (209 +/- 15g) were untreated or

dosed with vehicle +/- prednisolone (30 or 100 mg/kg), intravenous calcein
on day 20 and tetracycline day 32, termination day 35. Intact limbs were im-
aged using digital microradiography (26kV, Faxitron). Eight micron voxel
μCT of distal femurs was conducted after mid-shaft section, before parasagittal
bisection: medial half embedded in PMMA to produce polished blocks, lateral
macerated, both imaged using 20 kV backscattered electron SEM. Post hoc
μCT reconstructions corresponded to SEM. Usual analyses used BoneJ, but
we also extracted spherical volumes of condylar trabecular bone to avoid any
influence of anisotropy. 

Results: Excellent matching between SEM and μCT shows that finer 2 μm
to 7 μm trabeculae are routinely lost to μCT visualisation and analysis. SEM
can determine surface activity state and show newer bone packets on cancel-
lous surfaces. 

We developed methods for mapping cortical position and dimensions from
a central longitudinal axis with one degree angular resolution. For both outer
and inner maps, the values can be averaged between bones within a group to
produce an average bone. The group-averaged images can be subtracted to
study average differences between groups. For individual bones or group-av-
eraged images, the inner map can be subtracted from the outer to display the
cortical thickness.

Discussion: In rodent bone “histomorphometry” in, much is made of study-
ing apposition in metaphyseal trabeculae, though they do not persist in the
mature animal, and cortical midshaft periosteum. Measuring cortical endosteal
apposition might make more sense. Long bone diameters taper from the
growth plate to the mid-diaphyseal region, achieved by expansion of the
growth plate, resorption of periosteal surface, and endosteal formation. Study
of calcein and tetracycline labels using intact PMMA supported tissue and
confocal offers major advantages. However, whatsoever LM preparation is
used, bone has to be cut with the loss of 3D context. We therefore investigated
what could be done with μCT data.

Summary: 1) Treat μCT fine-trabecular connectivity data with caution. 
2) Mapping the cortex with respect to a central longitudinal axis, rotation de-
fined, and over a standard length of the bone within which maximal cortical
tapering occurs is an informative approach to examining differences between
animals, and between and within experimental groups.

JUMPING MECHANOGRAPHY IN PATIENTS WITH OSTEOGENESIS

IMPERFECTA TYPE I
L-N. Veilleux, F. Rauch
Shriners Hospital for Children and McGill University, Montreal, Canada

Objectives: Osteogenesis imperfecta (OI) type I is a heritable bone fragility
disorder that is caused by mutations affecting collagen type I. Studies using
isometric force tests have observed muscle weakness in some patients with
OI type I. However, there is little information on dynamic muscle function in
OI type I. In this study we therefore aimed at quantifying dynamic muscle
function in OI type I patients through jumping mechanography.

Subjects & Methods: 70 individuals with OI type I (Mean age [SD]: 15.4
years [9.4]) and 70 age- and gender-matched controls participated in this study.
Lower extremity muscle function (peak force per body weight and peak power
per body mass) was measured by jumping mechanography through five tests
with different levels of difficulty: multiple two-legged hopping (M2LH), mul-
tiple one-legged hopping (M1LH), single two-legged jump (S2LJ), heel-rise
test (HRT) and chair-rise test (CRT). 

Results: The OI group produced significantly lower force per body weight
(M2LH: -17%, p<0.001; M1LH: -13%, p<0.001) and power per body mass
(S2LJ: -9%, p<0,001; HRT: -16%, p<0.001; CRT, -8%, p=0.002) than the age-
and gender-matched controls. Nonetheless, not all individual with OI type I
had low muscle function. Depending on the test, between 16 and 35% of OI
patients had higher test results than their healthy counterparts. 

Conclusions: These results demonstrate dynamic muscle function deficits
in patients with OI type I. However, this deficit is not systematically observed
in all OI individuals.

OSTEOCYTES: MORPHOLOGICAL ANALYSIS OF BONE BIOPSIES

OF THE JAW FROM HEALTHY AND OSTEOPOROTIC WOMEN

USING SYNCHROTRON RADIATION COMPUTED TOMOGRAPHY

Z. Ritter1, A. Staude2, S. Prohaska3, D. Felsenberg1

1Charité Universitätsmedizin Berlin, Germany
2Federal Institute for Materials Research and Testing/BAM, Germany
3Zuse Institute Berlin/ZIB, Germany

Objectives: Reduced number of osteocytes appears to be correlated with
bone capacity to gain and maintain bone mass. To analyze osteocyte distribu-
tion and quantity a new method was developed.

Materials & Methods: From a group of 20 healthy (HB) and 20 osteoporotic
(OB) bone biopsies of the jaw measured using computed tomography (CT, res-
olution: 20 μm) two biopsies from different groups but same region (R36) were
selected for synchrotron radiation CT measurements (BESSY) for this pilot study.
The criterion selection was to have differences in the bone volume to tissue vol-
ume ratios (BV/TV) between osteoporotic versus healthy >60%. Two stacks were
required to measure each biopsy using 2.174 μm (L= 10 mm, Ø= 2.2 mm, approx.
5000 slices 50 GB). After filtering the projections were reconstructed and im-
ported for image analyses in Amira (ZIB). Voxel based density distribution maps
were used to differentiate old bone from new bone on the orthoslices. After seg-
mentation osteocytes (lacunae) number and volume were quantified by adapting
routines employed for skeletonization. To reduce computational costs, osteocytes
morphological analyses were performed at selected volumes of interest located
at the center of each biopsy. Additionally, finite element meshes were created for
numerical analysis of osteocytes in their natural environment.

Results: BV/TV differences up to 0.346 for the HB and 0.1791 for the OB
were found. Osteocytes number was clearly larger in the healthy bone biopsy
as expected but interestingly minor in size. At regions near the bone surface
(mainly low mineralization zones), osteocytes were aligned at the side directed
towards the high mineralization region. These findings were confirmed after
SR-CT measurements and analysis of two additional biopsies (R36). In all
cases, osteocytes were mainly aligned along the cement lines. Differences of
up to 64% in number and 55.3% in volume were determined. Osteocytes ap-
pear to be aligned following the principal load direction.

Discussion: SR-CT using at least 2.174 μm allows not only to quantify the
number and volume of osteocytes at different aging states but also to visualize
their distribution. Its characterization is fundamental to understand bone re-
modeling activities. The interdisciplinary work between Charité, BAM and
ZIB allowed development of this reproducible and reliable method for osteo-
cytes characterization, which can be used to analyze osteocytes morphological
changes due to different bone diseases or pharmacological interventions.

Summary: Our findings suggest that with aging osteocytes number is re-
duced, they increase in size and are spaciously distributed at high mineraliza-
tion regions compared with young healthy bone biopsies.

DOES SUBCLINICAL HIPERTHYROIDISM AFFECT MUSCLE MASS

AND BONE MINERAL DENSITY IN THE POSTMENOPAUSE?
A.P. Barbosa1-4, M.R. Mascarenhas1-4, A.G. Oliveira5, V. Simões2,3, 
D. Santos Pinto3, M. Bicho2, I. do Carmo1,2,4

1Endocrinology and 2Metabolism and Endocrinology Centre (Genetics Lab)
of Lisbon’s Faculty of Medicine; 3CEDML - Lisbon’s Endocrinology, Diabetes
and Metabolism Clinic (Osteoporosis Unit); 4Endocrinology, Diabetes and
Metabolism Service, Santa Maria University Hospital, CHLN-EPE; 5Biosta-
tistics Department, FCMUNL, Lisbon, Portugal

Subclinical hyperthyroidism, a clinical condition characterized by a sup-
pressed TSH and normal thyroid hormones blood levels, has been associated
to BMD reduction/osteoporosis due to the both bone formation and resorption
inhibition by the TSH independently of the thyroid hormones effects. Also, it
is still unclear if the decrease in the lean mass described in overt hyperthy-
roidism is already present in subclinical hyperthyroidism, worsening the age
related muscle mass decrease.

Objectives: To evaluate the effects of subclinical hyperthyroidism in the
total lean body mass and as well as in the bone mineral density (BMD) of eld-
erly women.

Materials & Methods: In a group of 39 postmenopausal women (15.3±11.4
years after menopause) with subclinical hyperthyroidism, the total body lean
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mass (kg) as well as the BMD (g/cm2) at the lumbar spine (L1-L4), hip, distal
radius (1/3 or 33%) and whole body were evaluated by dual X-ray absorptiom-
etry, using the Hologic QDR Discovery W densitometer.

Fast blood collection was also performed to measure the TSH, FT4, FT3
and pituitary hormones levels.

No patient was previously treated for hyperthyroidism, osteoporosis or low
bone mass.

The BMI (kg/m2) also was calculated.
Descriptive, Anova and regression analysis statistical tests were used.
Results: The mean age, height, weight, BMI and total lean body mass are

described in Table 1.

Table 1. The mean (±SD) antropometric and TSH data, lean body mass and
the BMD at several skeletal sites.

Variables Postmenopausal women with subclinical 
hyperthyroidism (n=39)

Age years 63.6 (9.8)
Height m 1.55 (0.06)
BMI kg/m2 28.9 (4.2)
TSH μUI/mL 0.09 (0.1)
Total body lean mass kg 39.1 (4.9)
Total body fat mass kg 28.2 (6.7)
BMD L1-L4 g/cm2 0.903 (0.1)
BMD hip g/cm2 0.889 (0.1)
BMD distal radius g/cm2 0.620 (0.1)
BMD whole body g/cm2 1.056 (0.1)

Significant correlations were detected between the total lean body mass vs.
the BMD at the lumbar spine, vs. the BMD at total hip and vs. the BMD at
whole body.

Conclusions: The results of this study suggest that subclinical hyperthy-
roidism in the postmenopause, a frequently silent clinical condition, may be
an additional risk factor to postmenopausal bone mass loss, which in associ-
ation with the muscle mass changes may aggravate the lean mass of the aging,
increasing the risks of falls and subsequently of osteoporotic fractures.

ADAPTATION OF THE MUSCLE-BONE UNIT IN THE LOWER

LEG OF CHILDREN AND ADOLESCENTS CONSEQUENT TO

EXERCISE

E. Anliker

Objectives: To quantify the muscle-bone unit in the lower leg and to assess
adaptations thereof following exercise. Based on the Mechanostat theory we
hypothesized that maximum voluntary ground reaction force (Fm1LH) should
predict volumetric bone mineral content (vBMC) better than muscle area, and
that following long-term exercise, changes in Fm1LH and vBMC should occur
in proportion to each other.

Methods: Multiple one-legged hopping (m1LH) and peripheral quantitative
computed tomography (pQCT) were performed to assess Fm1LH and tibial bone
strength/geometry at 4-, 14-, 38- and 66% of tibia length. (1) We used linear
regression with site-specific vBMCs as dependent variables to compare Fm1LH

and muscle area as possible predictors in 323 8-82 years old healthy adults
(185 females and 138 males). (2) We performed a 9-month, randomized con-
trolled jumping exercise study to determine Δ Fm1LH in relation to the change
in bone strength/geometry (in particular Δ vBMC14%) in 45 8-12 years old
boys and girls, and (3), we investigated side-to-side differences between the
supporting and non-supporting leg for Fm1LH and bone strength/geometry in
66 elite male soccer players (12-18 years old). 

Results: (1) The correlations between Fm1LH and vBMC at any site were
stronger than those between muscle cross-sectional area and vBMC. The
strongest correlation was found between Fm1LH and vBMC14% (R2=0.840). (2)
Children undertaking jumping exercise tended to have greater gains in Fm1LH

and bone strength/geometry (+1 to +3% points, P>0.05) relative to those who
did not. At the distal tibia, the highest adaptations were found for the amount
of bone, while in the proximal direction, children predominantly changed bone
geometry. Critically, Δ Fm1LH was not related to Δ vBMC14% in either group.
(3) Higher bone strength/geometry values were found for the supporting leg

(P<0.05) of adolescent young elite soccer players, while no side-to-side dif-
ferences were observed for Fm1LH. 

Conclusion: Unlike proposed by the Mechanostat theory, Δ Fm1LH was not
related to Δ vBMC14%, neither after a 9-month jumping intervention period in
children, nor when comparing the supporting and non-supporting leg of ado-
lescent soccer players. However, Fm1LH and vBMC14%, were tightly linked
(R2≈0.8) at all times, suggesting that a common factor influences these pa-
rameters, yet this factor does not tightly couple the adaptive process that oc-
curs during training in children. Nevertheless, the strong and robust
relationship between the two parameters generally might be very useful for
quantitatively assessing the muscle-bone status in health and disease.

MUSCLE MASS, BONE QUALITY AND TESTOSTERONE LEVELS

IN A GROUP OF NORMAL MEN

M.R. Mascarenhas1-4, A.P. Barbosa2-4, A. Gonçalves4, V. Simões2,3, 
D. Santos Pinto3, M. Bicho2, I. do Carmo1,2,4

1Endocrinology and 2Metabolism and Endocrinology Centre (Genetics Lab) of
Lisbon’s Faculty of Medicine; 3CEDML - Lisbon’s Endocrinology, Diabetes and
Metabolism Clinic (Osteoporosis Unit), 4Endocrinology, Diabetes and Metabolism
Service, Santa Maria University Hospital, CHLN-EPE; Lisboa, Portugal

The bone strength is dependent on the bone mineral density (BMD) and the
quality. The measurement of BMD by DXA is the gold standard for the pre-
cocious diagnosis of osteoporosis. The trabecular bone score (TBS) is deter-
mined from gray-level variation analysis of the DXA images and uses the
existing DXA images to assess and qualify the bone micro-architecture. In
normal men there is a trend of the BMD to decline with aging, but the data
about the bone micro-architecture are scarce.

Objectives: To study the TBS and the BMD at the spine and the muscle
mass in a group of normal men. 

Materials & Methods: In a group of 83 normal men the BMD (g/cm2) at the
L1-L4, at the hip, at the distal radius (1/3 or 33%) and at the whole body were
evaluated by DXA, using the QDR Discovery W densitometer (Hologic, Inc.).
The lumbar spine TBS was derived for each spine DXA scan (Med-iMAPS).
Fast blood collection was also performed to measure the LH, FSH, prolactin,
and sex steroid hormones plasma levels. The BMI (kg/m2) was also calculated.
Adequate statistical tests were used.

Results: The mean age, height, weight, BMI and total lean body mass in
this normal men group are presented in Table 1.

Table 1. The mean (±SD) age, height, weight, BMI and total lean body masses
in a normal men group.

Variables Normal men 
(n=83)

Age years 52,0 (16.8)
Height m 1,719 (0.07)
Weight kg 82.4 (14.2)
BMI kg/m2 27.8 (4.4)
Total body lean mass kg 59.2 (8.2)

The TBS at the L1-L4 was positively correlated with height and total testos-
terone, but the correlations with the age, the weight and the BMI were negative
in these men (P<0.05).

Nevertheless, no correlation was detected between the TBS and the BMD
at the spine and the total lean body mass.

Conclusions: The correlation between TBS and BMD at the spine confirms
that TBS is measuring other bone properties than BMD. The results of this
study may suggest that the quality of bone accessed by TBS is positively re-
lated with height, but the age, the weight, the BMI may affect negatively the
bone quality in men; however the total lean body mass does not seem to in-
fluence the bone quality. Finally, the total testosterone levels are positively
associated with the bone quality and the total lean body mass.

Acknowledgements: Medimaps (Medimaps, Bordeaux, France) and Radi-
lan (Lisboa, Portugal) for the kind free access and use of the TBS iNsight soft-
ware for this study.
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UPPER LIMB MUSCLE-BONE ASYMMETRIES IN ELITE JUNIOR

TENNIS PLAYERS

A. Ireland, T. Maden-Wilkinson, K. Cooke, H. Degens, J. Rittweger

Studies in tennis players have shown large side differences in bone strength
parameters in favour of the racquet arm, whereas these differences are smaller
or not present in non-playing controls1,2. The role of internal forces (i.e. those
produced by the muscles) on bone development remains a controversial topic,
and study of muscle-bone relationships in the arms of elite tennis players
would give useful information pertaining to this link.

Forty-one national-level tennis players (26m, 15f - mean age 13.4±1.7 yrs)
were recruited. Bone strength parameters were examined in both arms from
pQCT scans at 4% (R4) and 60% (R60) distal-proximal radial length and 35%
(H35) distal-proximal humeral length. Muscle CSA (MuscA) was also exam-
ined at R60 and H35. Peak force and power during a press-up on a force plat-
form and grip strength in both arms was also measured. 

Large side differences in total BMCwere found at all sites in favour of the
racquet arm - P<0.001 for all sites except distal radius (P<0.01) and distal
ulna (P<0.05). These differences were due almost entirely to larger cortical
area (Ar.ct) at R60 and H35 sites in racquet arm radius (18.9±8.1%), ulna
(15.1±9.0%) and humerus (39.8±13.5%) - all P<0.001, with little or no dif-
ference in cortical BMD. In contrast, at R4 site differences in radius and ulna
BMC (39.6±20.5% and 23.7±34.5%) were made up of both larger total bone
area and higher BMD.Smaller side differences in MuscA at R60 and H35
meant that racquet arm muscle-bone ratio was lower in the ulna (3.2±9.0%,
P<0.01), radius (5.6±9.6%, P<0.001) and humerus (20.2±7.5%, P<0.001),
and side differences in power press-up maximal power, (13.0±11.4%) maximal
force (4.9±7.1%) and grip strength (24.2±26.9%) were found (all P<0.001).

The results show large side differences in force production, muscle size and
bone strength parameters in youth tennis players - attributable to their elite
status and high training load. Whilst racquet arm muscle and bone were greater
than age-matched reference data, values in the non-racquet arm were no bigger
than average suggesting a localised effect of exercise. Examination of mus-
cle:bone ratioshowed strong relationships between the two, but a significantly
lower ratio at both mid-shaft sites in the racquet arm.

These results suggest a largeosteogenic potential of tennis, support a strong
muscle-bone relationship but suggest other factors aside from muscle size dic-
tate exercise-induced bone adaptation.
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FUNCTIONAL ACTIVITY AND QUALITY OF LIFE IN PATIENTS

WITH VERTEBRAL FRACTURES

N. Grygorieva, V. Povoroznyuk, O. Rybina
Department of Clinical Physiology and Pathology of Locomotor Apparatus,
Institute of Gerontology AMS Ukraine, Ukrainian Scientific-Medical Centre
for the Problems of Osteoporosis, Kyiv, Ukraine

The purpose of the study was to examine the functional activity and quality
of life in patients with vertebral fractures.

Materials & Methods: We examined 153 women aged 60-89 years old in
postmenopausal period (mean age 69.67±0.54 years). Patients were divided
into two groups: the first (control group) - without osteoporotic fractures, and
the second - with vertebral fractures.

Methods of research - questionnaires (to assess life style, Euro-Qul-5D,
Roland-Morris, ECOS-16), functional tests (dynamometry, static balancing, 15-
meter test), Thomayer’s, Schober’s, Ott’s tests, orthopedic examination (range
of movement assessment in the thoracic/lumbar spine, determination of the chest
excursion and breath holding spell), dual- energy X-ray absorptiometry (DXA).

Results: Bone mineral density (BMD) of lumbar spine and femoral neck
in patients with vertebral fractures was significantly lower than appropriate
data in control group. Indexes of quality of life and daily activity in patients
of the second group were considerably lower compared to the control group.
It was found significant differences in Schober’s test (p=0.04) and parameters
of movement of the thoracic and lumbar spine (p=0.04). Others functional
tests were without significant difference.

In patients without vertebral fractures it was found the significant positive
correlation between BMD of the femoral neck and lumber spine and data of
functional tests indexes such as dynamometry, Thomayer’s, Schober’s tests,
maximum and average chest excursion. In contrast, patients with vertebral
fractures didn’t have significant correlation between BMD data and indexes
of functional tests and orthopedic examination data.

In patients with vertebral fractures was determined significant correlation
between ECOS-16 indexes and Schober’s tests (p=0,006) and breath holding
spell (p=0,03) in contrast to patients without vertebral fractures.

Conclusion: Our study found significant correlations between BMD and
some functional tests in patients without vertebral fractures. Vertebral fractures
leads to reducing of functional ability and decreasing of quality of life.

VERTEBRAL PAIN SYNDOME IN ELDERLY PATIENTS

V. Povorznyuk, T. Orlyk 
Department of Clinical Physiology and Pathology of Locomotor Apparatus,
Institute of Gerontology AMS Ukraine, Ukrainian Scientific-Medical Centre
for the Problems of Osteoporosis, Kyiv, Ukraine

Aim of study was determining of peculiarities of vertebral pain syndrome
in elderly patients with vertebral pain syndrome depending on sex.

Materials & Methods: 44 women (average age - 63,1±9,1 years, average
height - 160,2±6,7 cm, average weight - 75,5±14,4 kg, BMI - 29,4±5,3) and
32 men (average age - 62,7±11,3 years, average height - 172,9±5,4 сm, aver-
age weight - 83,2±11,4 kg, BMI 27,8±3,4) were examined. The following
methods of study were used: visual analogue scale (VAS), determination of
life quality by Roland-Morris questionnaire, EuroQol 5D scale.

Results: The intensity of thoracic vertebral pain syndrome using VAS was not
differ in women and men. In lumbar spine intensity of pain syndrome (VAS) was
higher in women compared with men (women - 3,5±1,8; men - 2,6±1,5; F=1,422,
р=0,03). The life quality, according to the EuroQol 5D scale, in women with was
significantly increased in comparison with men (women - 4,5±1,5; men - 3,7±1,7;
F=1,308, р=0,04). The daily activity using Roland-Morris questionnaire was not
differ between women and men (women - 8,8±5,0; men - 6,6±5,2; F=1,079,
р=0,07).

Conclusion: The intensity of vertebral pain syndrome in elderly patients
depends on sex. The intensity of thoracic vertebral pain syndrome was not dif-
fer; the intensity of lumbar vertebral pain syndrome was significantly higher
in elderly women compared with elderly men.

EFFECT OF STRONTIUM RANELATE ON VERTEBRAL PAIN

SYNDROME AND FUNCTIONAL ABILITIES IN POSTMENOPAUSAL

WOMEN WITH SYSTEMIC OSTEOPOROSIS

V.V. Povoroznyuk, N.I. Dzerovych, L.I. Bondarenco, V.F. Verych, А.М.
Gnylorybov, H.M. Hrytsenko, S.B. Kosterin, O.A. Kuhtei, D.G.
Recalov, O.V. Synenkii, S.J. Trubina, I.V. Chizwikova, N.I. Shpilevaya,
Е.G. Jashina
Department of Clinical Physiology and Pathology of Locomotor Apparatus,
Institute of Gerontology AMS Ukraine, Ukrainian Scientific-Medical Centre
for the Problems of Osteoporosis, Kyiv, Ukraine

Aim: To evaluate the effect of strontium ranelate in treatment of systemic
osteoporosis in postmenopausal women. 

Matherials & Methods: There were examined 894 postmenopausal
women with systemic osteoporosis (average age 59,97±10,57 years, average
height 161,82±7,09 cm, average weight 71,32±13,44 kg). Evaluation of pain
syndrome and level of physical activity was carried out with visual analogue
scale (VAS). Examination was performed before onset of treatment and after
a four, eight and twelve month treatment course. Strontium ranelate (Bivalos,
“Servier”) was taken in a dose of one 2 g sachet as a suspension in water once
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a day and 1 tablet of Calcemin-advance (Calcium - 500 mg, Vit. D - 400 IU)
2 times a day during 12 months. 

Results: The patients had the risk factors of osteoporosis: 28 % of patients
had osteoporotic fractures in their anamnesis; 17% - hip fractures in mother
or father of patients, 12% - smoking, у 8% - alcohol abuse, 27% of patients
have taken corticosteroid tablets for more than 3 month. We observed a reliable
decrease of vertebral pain syndrome (after treatment - 2.97±0.77, after four
months - 2.24±0.85, after eight months - 1.61±0.94; after twelve months -
1.24±1.04; р<0.00001) and increase of functional abilities of patients (after
treatment - 1.50±0.67, after four months - 2.08±0.52, after eight months -
2.67±0.53; after twelve months - 2.88±0.63; р<0.00001). 

Conclusion: It has been demonstrated that strontium ranelate treatment sig-
nificantly decreases pronounced vertebral pain syndrome and improves func-
tional abilities of patients in the postmenopausal women.

TRABECULAR BONE SCORE IN NORMAL UKRAINIAN WOMEN

OF DIFFERENT AGE

V. Povoroznyuk, N. Dzerovych, A. Palamarchuk, A. Musienko
Institute of Gerontology NAMS Ukraine, Kyiv, Ukraine

The aim of this study is evaluating Trabecular Bone Score (TBS) in normal
women of different age.

Materials & Methods: We’ ve examined 176 normal women aged 40-79
years (mean age - 53,4±0,6 yrs; mean height - 163,5±0,5 cm; mean weight -
80,4±1,1 kg). The patients were divided into the following age-dependent
groups: 40-49 yrs (n=53), 50-59 yrs (n=89), 60-69 yrs (n=17), 70-79 yrs
(n=17). TBS (L1-L4), total body, lumbar spine, femoral neck bone mineral
density (BMD), lean and fat masses were measured by DXA using a densito-
meter Prodigy, GE.

Results: We have determined the significant decrease of TBS (L1-L4) in
women with age (40-49 yrs - 1,334±0,016 mm-1; 50-59 yrs - 1,289±0,013 mm-1;
60-69 yrs - 1,194±0,034 mm-1; 70-79 yrs - 1,205±0,050 mm-1; F=6,56;
p=0,0003). BMD of spine is significantly increase with age (BMD of spine:
40-49 yrs - 1,126±0,015 g/cm2; 50-59 yrs - 1,234±0,013 g/cm2; 60-69 yrs -
1,343±0,053 g/cm2; 70-79 yrs - 1,348±0,100 g/cm2; F=4,04; p=0,008). BMD
of femoral neck didn’t show significant differences. The significant correlation
was observed between TBS (L1-L4) and age, fat and lean masses:
- TBS = 1,64-0,007*Age; r=-0,34; t=4,41; p=0,00002.
- TBS = 1,47-0,000005*Total fat (g); r=-0,37; t=4,86; p=0,000003.
- TBS = 1,90-0,00001*Lean mass (g); r=-0,59; t=8,98; p<0,000. 

We did not find significant correlation between TBS and BMD of spine and
femoral neck:
- TBS = 1,36-0,05*BMD of spine; r=-0,05; t=0,66; p=0,5.
- TBS = 1,53-0,22*BMD of femoral neck; r=-0,16; t=1,94; p=0,05.

Conclusion: The significant correlation between TBS and lean mass indi-
cates that bone quality can be associated with muscular system. TBS was sig-
nificantly decreased with age. TBS is independent parameter which has
potential diagnostic value without bone mineral density.

QUANTITATIVE ULTRASOUND DENDITOMETRY AND FRAX® IN

EVALUATION OF STRUCTURAL-FUNCTIONAL STATE OF BONE

IN POSTMENOPAUSAL WOMEN

V. Povoroznyuk, N. Grygorieva, V. Povorozniuk 
Department of Clinical Physiology and Pathology of Locomotor Apparatus,
Institute of Gerontology AMS Ukraine, Ukrainian Scientific-Medical Centre
for the Problems of Osteoporosis, Kyiv, Ukraine

The aim of the study was to estimate the informative value of quantitative
ultrasound and its combination with FRAX® in evaluation of structural-func-
tional state of bone in Ukrainaian postmenopausal women.

Material & Methods: 363 postmenopausal women aged 45-87 years were
examined, average age 65,1±0.5 years, duration of postmenopausal period
16,5±0.5 years. Bone mineral density (BMD) was measured by Dual-energy
X-ray absorptiometer (DXA) “Prodigy” and calcaneus quantitative ultrasound
(QUS) “Sahara”. The ten years probability of major osteoporotic fracture cal-
culated with FRAX® tool.

Results: There is difference in distribution of bone indexes in depending
of used methods. Among women which had osteoporosis of femoral neck by
DXA, 34% had osteoporosis, 57% - osteopenia, 9% - norma data by QUS.
Sensitivity of QUS indexes ranging was from low to moderate, but specificity
was low (with femoral neck - 38% and 39%, total hip - 63% and 34%, lumbar
spine - 45% and 34%, total body - 56% and 34% accordingly). Such sensitivity
and specificity increased when combining QUS with the ten years probability
of major osteoporotic fracture without BMD (FRAX®) (with femoral neck -
71% and 87%, total hip - 90% and 100%, lumbar spine - 72% and 83%, total
body - 79% and 91% accordingly). 

Conclusions: QUS of is informative method in evaluation of structural-
functional state of bone in postmenopausal women. Sensitivity and specificity
increased when combining QUS with FRAX® from 38% and 34% up to 90%
and 100% accordingly.

VITAMIN D DEFICIENCY AND BONE MINERAL DENSITY

V. Povoroznyuk, N. Balatska, F. Klymovytsky, O. Synenky, V. Vayda
Department of Clinical Physiology and Pathology of Locomotor Apparatus,
Institute of Gerontology AMS Ukraine, Ukrainian Scientific-Medical Centre
for the Problems of Osteoporosis, Kyiv, Ukraine

Objective(s): To study determine the frequency of vitamin D deficiency
and insufficiency and it influence to bone mineral density (BMD) in patients
of different region of Ukraine. 

Material & Methods: It was examined 1575 people aged 20-95 yrs. old
who lived in different regions of Ukraine. 25-OH vitamin D and PTH level
was evaluated by electrochemiluminescence method (Elecsys 2010, Roche).
Vitamin D deficiency was diagnosed in level of 25-OH vitamin D below 49.5
nmol/l, vitamin D insufficiency - between 74.5 and 50.0 nmol/l. BMD was
determined by ultrasound densitometry Sahara (Hologic) and DXA (Lunar).

Results: Vitamin D deficiency was registered in 81.8% persons, 13.6% exam-
ined had vitamin D insufficiency. It was determined negative significant correla-
tion between PTH and 25OHD (r= -0.16, p<0.0000001). Secondary
hyperparathyroidism was diagnosed in 11.9 % patients. The mean level of 25OHD
was significantly higher in southern resident of the country (p<0.001) and during
summer (p<0.05). No significant correlation between 25OHD and BMD was
found. But, only patients with vitamin D deficiency had significant negative cor-
relations between PTH level and BMD at the level of femur neck (r=-0.12,
p<0.004), dual femur (r=-0.09, p<0.004), upper and lower extremities (r=-0.11,
p<0.01 and r=-0.10, p<0.01 accordingly), forearm 33% (r= -0.20, p<0.001).

Conclusion(s): In Ukrainian population the frequency of vitamin D defi-
ciency is 81.8%. Only patients with vitamin D deficiency have significant neg-
ative correlations between PTH level and BMD at the level of femur neck, dual
femur, forearm 33%, upper and lower extremities.

THE EFFECT OF WHOLE-BODY VIBRATION (WBV) AND IGF-I
ON CLOSTRIDIUM BOTULINUM TOXIN TYP A (BTA) INDUCED

BONE DEGRADATION

R. Beccard1, A. Niehoff2, N. Hamann2, O. Ratiu1, P. Lechner1, S. Reuter1,
G-P. Brüggemann2, W. Bloch3, E. Schönau1

1Children’s Hospital, University of Cologne; 2Institute of Biomechanics and
Orthopaedics, German Sport University Cologne; 3Department of Molecular
and Cellular Sport Medicine, Institute of Cardiology and Sport Medicine, German
Sport University Cologne, Germany

Objectives: Muscle force is essential for bone development and homeosta-
sis [Schönau, 2005]. This relationship was demonstrated in previous studies
in which Botox-induced muscle paralysis resulted in bone degradation [Bou-
vard et al., 2011; Grimston et al., 2007; Warner, 2006]. Vibration exercise,
however has an anabolic effect on bone [Rubin et al., 2004] and IGF-1 is es-
sential for bone growth and formation [Baker, 1993]. The purpose of the pres-
ent study was to analyze if WBV and IGF-1 could compensate bone
degradation induced by muscle paralysis.

Subjects & Methods: Fifty female C57BL/6 mice (16 weeks of the age at
the start of the study) were randomized into five groups (n=10 each): saline
(CON), BTA (IM), BTA+WBV (IM+WBV), BTA+IGF-I (IM+IGF-1) and
BTA+WBV+IGF-I (IM+WBV+IGF-I).
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All mice received BTA (1.0 unit/0.1 ml) or saline (CON group, equal vol-
ume) in both, quadriceps and calf of the right leg. IGF-1 was applicated as
daily injections (sc) in the neckfold (human IGF-I, 1.0 μg/day). WBV was
performed for 30 min/day at 5 days/week (25 Hz, 2.1 g, 0.83 mm, NOVOTEC
Medical). Mice were sacrificed after 28 days and both hindlimbs were ana-
lyzed by peripheral quantitative computer tomography (pQCT).

Results:

Muscle paralysis by BTA resulted in decreases of trabecular and cortical
bone mineral density in the IM group. The IM+WBV and IM+WBV+IGF-I
groups showed no difference in trabecular bone mineral density compared to
the CON group. 

Discussion: IM+WBV and IM+WBV+ IGF-I could compensate trabecular
but not cortical bone loss. The results also provide further evidence that skele-
tal unloading induces resistance to IGF-I [Sakata, 2004].

Summary: WBV can compensate bone loss induced by muscle paralysis.
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CALF MUSCULATURE ATROPHY DURING 60-DAYS BED REST

AND THE EFFECT OF TWO DIFFERENT COUNTERMEASURE

EXERCISES
T. Miokovic, G. Armbrecht, D. Felsenberg, D.L. Belavý
Charité Universitätsmedizin Berlin, Centre for Muscle and Bone Research,
Free University & Humboldt-University Berlin, Hindenburgdamm 30, 12200
Berlin, Germany

Objectives: Data from several studies have demonstrated that the gastrocne-
mius and soleus muscles are particularly susceptible to atrophy during prolonged
bed-rest. However, limited information is available on the response of other calf
muscles to bed-rest. Furthermore, our understanding of countermeasure exercise
prescription against atrophy in these muscles needs to be improved.

Methods: 24 male subjects underwent 60-days of 6o head-down tilt bed-rest
and performed high-load resistive vibration exercise (RVE; n=7), high-load re-
sistive exercise alone (RE; n=8) or no exercise (CTR; n=9) as part of the 2nd

Berlin BedRest Study (BBR2-2). Countermeasure exercises included double
leg squats, double and single leg calf raises and back-lift exercise manoeuvres,
performed 3-days a week, with 5 to 6 minutes of actual loading time each ses-
sion. Muscle volumes of the calf musculature were measured using axial mag-
netic resonance images collected prior to bed-rest, mid-bed-rest (day-27/28),
end-bed-rest (day-55/56), and 14-, 90 and 180-days after bed-rest.

Results: Both countermeasures had a significant (p all≤0.002) impact on
reducing atrophy in the soleus (end bed-rest mean[SD] percentage change:

CTR: -23.2[6.3]%, RE: -12.8[3.5]%, RVE: -14.8[5.1]%), medial gastrocnemius
(CTR: -24.5[6.6]%, RE: -9.3[3.7]%, RVE: -8.4[4.5]%), lateral gastrocnemius
(CTR: -20.4[8.4]%, RE: -4.5[5.7]%, RVE: 0.8[5.8]%), flexor digitorum longus,
flexor hallucis longus, peroneal and tibialis posterior muscles. Reductions in
tibialis anterior volume (~11%) and extensor digitorum longus volume (<6%)
were seen in all groups. There were no significant differences between the RVE
and RE groups for any of the muscles considered (p≥0.15).

In the CTR group only, significant volume loss persisted in the flexor hallucis
longus and extensor digitorum longus muscles 90-days after bed-rest. In all remain-
ing muscles, muscle volume recovery appeared complete by 90 days post bed-rest.

Discussion:A short duration (5-6 minutes) high-load resistive exercise counter-
measure, with or without whole body vibration, performed 3-days a week was able
to reduce, but not entirely prevent, muscle atrophy in the calf region during 60-
days bed-rest. The results exemplify the importance of muscle specific high-load
exercises: the tibialis anterior muscles were not targeted with resistive exercises
and hence similar amounts of atrophy were seen in all subject-groups. Recovery
of calf muscle volume requires greater than 2-weeks after 60-days bed-rest.
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TRADITIONAL VERSUS NON-TRADITIONAL MEASURES OF

ISOMETRIC EXERCISE INTENSITY: RELATIVE IMPORTANCE

FOR SUBSEQUENT CARDIOVASCULAR ADAPTATION

G.R. Devereux1, J.D. Wiles2, I.L. Swaine2

1School of Science, Technology and Health, University Campus Suffolk, 
Ipswich, UK
2Department of Sport and Exercise Science, Canterbury Christ Church 
University, UK

Objectives: To investigate the relative importance of both traditional mark-
ers of exercise intensity and less frequently used indicators of neuromuscular
fatigue, for reductions in resting blood pressure following a period of isometric
exercise training.

Subjects & Methods: Thirteen male participants performed a bilateral-leg
maximum voluntary contraction (MVC) during which peak surface elec-
tromyographic activity (EMGpeak) was identifiedover the muscle site. They
then performed a discontinuous incremental isometric exercise test to voli-
tional exhaustion, before a 4-week crossover training study. The incremental
test comprised 2 minute stages and commenced at 10% EMGpeak, increasing
by 5%EMGpeak at each stage. At exhaustion, the mean torque for the final 2-
minute stage (2 min-torquepeak) and heart rate peak (HRpeak) were identified.
Training involved 3 sessions per week (4 x 2 min bilateral-leg isometric ex-
ercise) at 95%HRpeak. Heart rate (HRtrain) and changes in EMG amplitude
(ΔEMGamp) and frequency (ΔEMGfreq) were monitored from the first to sec-
ond minute of each 2-minute training exercise bout. As markers of training
intensity the mean training torque was expressed relative to the 2min-torquepeak

(%2min-torquepeak) and to initial maximal voluntary contraction (%MVC).
Results: Training resulted in reductions in all blood pressure measures (-4.9±5.8;

-2.8±3.2; -2.7±2.4 mmHg for SBP, DBP and MAP respectively). Systolic and MAP
reductions correlated (p<0.05) with %2min-torquepeak, ΔEMGamp and ΔEMGfreq,
but did not relate to the traditionally used %MVC or HRtrain. Regression analysis
predictsa likely adaptation of 5 mmHg reduction in SBP in 4 weeks if overall train-
ing is performed at 105% initial 2min-torquepeak.

Discussion: The stimulus for the reduction in resting blood pressure seems to
be more closely related to the action of sustaining torque, rather than the magni-
tude of torque relative to maximum voluntary contraction. These findings make
it possible to set training intensity in such a way as to increase the likelihood of
a significant reduction in resting blood pressure following isometric exercise
training. The relationships between reductions in resting blood pressure and
ΔEMGamp and ΔEMGfreq suggests that it is important to induce neuromuscular
fatigue during training, when reductions in resting blood pressure are required.

Summary: Sustaining torque might be a more important stimulus in the
mechanism whereby resting blood pressure is reduced than previously
thought. Markers that reflect the extent to which local muscle fatigue was in-
ducedappear to have been of utmost importance in the reductions in resting
blood pressure observed after isometric exercise training.

Figure 1. (A) Cortical bone mineral density (Ct.BMD) and (B) trabecular bone
mineral density (Tb.BMD). Values presented as means ± SD, *different to
CON (p<0.05), #different to contralateral side (p<0.05).
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THE EFFECTS OF IDIOPATHIC HYPERCALCIURIA ON BONE

MINERAL MASS AND BONE GEOMETRY IN POST-MENOPAUSAL

WOMEN: A TIBIA pQCT STUDY

K.D. Stathopoulos1, I. Bournazos1, E.Metania1, P. Katsimbri2, 
A. Partsinevelos1, E. Atsali1, P. Papaggelopoulos1, G. Skarantavos1

1Bone Metabolic Unit, 1st Department of Orthopedics, University of Athens,
School of Medicine, “Attikon” University General Hospital, Greece
24th Department of Internal Medicine, “Attikon” University General Hospital,
Athens, Greece

Aim: We assessed the effects of Idiopathic Hypercalciuria (IH) on bone
mineral mass and bone geometry in different age groups using pQCT of the
tibia.

Material & Methods: We reviewed medical records of 41 postmenopausal
women with IH who presented as outpatients in our department. Inclusion cri-
teria: 1) Recently (<6 months) diagnosed and untreated IH 2) postmenopausal
status >2y 3) Normal renal function (normal serum Creatinine, eGFR) Exclu-
sion criteria: 1) Diseases causing hypercalciuria other than IH (granulomatous
and endocrine diseases, malignancies), 2) Bone metabolic disorders, 3) Drug-
induced hypercalciouria, 4) use of any medication for osteoporosis during the
last 12 months. The patients were assigned in 3 different age groups: 48-59y
(N=15), 60-69y (N=21), 70-79y (N=5). All patients underwent pQCT of the
tibia (XCT 2000 scanner, Stratec Medicintechnic, Germany) and 3 slices were
obtained at the 4% (trabecular bone), 14% (subcortical and cortical) and 38%
(cortical) of tibia length sites. For each site we estimated bone mineral content,
bone areas, cortical thickness, periostal and endosteal circumference and we
compared results with our published tibia pQCT database of 219 age-matched
healthy postmenopausal women. We performed statistical analysis and data
is expressed as mean±standard deviation (S.D.).

Results: There were no statistical differences between patients with IH and
healthy subjects in all age-groups concerning variables of trabecular bone.
Concerning cortical bone (38% slice) we found statistical differences only in
the younger (48-59y) age group between patients with IH vs age-matched con-
trols: patients with IH had lower cortical bone mineral mass (256.54±39.95
vs 282.63±38.63 mg/cm, p=0.019), cortical area (220.4±33.34 mm2 vs
246.85±32.85, p=0.005) and cortical thickness (3.90±0.81 vs 4.53±0.57 mm,
p=0.0005), while they had greater endosteal circumference (45.27±8.11 vs
40.34±4.51 mm, p=0.001).

Conclusions: Early (48-59y) postmenopausal women with IH have lower
values of cortical bone mass, cortical area, cortical thickness and greater en-
dosteal circumference vs age-matched controls. Older women with IH were
not found to have statistical differences on bone measurements vs age-matched
controls using pQCT of the tibia. 

COUNTERMEASURES OF MUSCLE WASTING: DOES BONE REAP

SOME BENEFITS? 
J. Rittweger1,2

1Division of Space Physiology, Institute of Aerospace Medicine, German
Aerospace Center, Cologne, Germany
2IRM Research Institute, Manchester Metropolitan University, Manchester, U.K.

Statement of the Problem: It is now widely accepted that bones adapt to
mechanical stimuli, and ample evidence suggests that the largest forces im-
posed upon bone are generated by skeletal muscle. The moderate to strong
correlation between bone strength and surrogate measures of muscle strength
suggests muscular force generation to be a key determinant for bone geometry
and structure. However, there is still controversy as to whether muscle strength
training is a viable means to safeguard bone, in particular in relation to age-
related bone losses.

Available Evidence: Two strands of evidence are reviewed here. Firstly,
data from studies with experimental bed rest are considered as one source of
information. Bed rest is regarded as a ground-based model of spaceflight, in
which muscle atrophy and bone loss are typically occurring along with de-
conditioning effects in other physiological systems. The available data suggest
that resistive exercise can prevent bone loss when it is also maintaining muscle
strength1,2, but not when the regimen is in-effective for muscle3.

The second line of evidence arises from studies into training effects upon
bone. Cross-sectional studies suggest that sprint runners have greater tibial bone

strength than medium and long distance runners and race walkers (in that order).
However, these athletics-specific benefits seem to get lost with increasing age4.
Moreover, side-to-side differences in the tibial bone strength of jumpers are sur-
prisingly small, and longitudinal studies suggest that training interventions can
increase bone strength by but very small amounts in the legs. Turning to the
upper extremity, throwers fail to depict side-to-side differences in the forearm,
but do have increased bone strength in the humerus on the throwing side.

Conclusion: Muscle strength training seems to be a very viable way - if
not even a prerequisite - to prevent immobilization-induced bone losses in the
legs. However, muscle strength training does not seem to affect the leg bones
in ambulatory people. Taken together, this suggests that there is an effective
upper limit for bone strength, and the jury is hung to explain the mechanism
behind this limit5. In the arms, the available evidence suggests that muscle
strength is an important factor, but that sport-specific mechanics may be even
more relevant to bone.
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MUSCLE X-RAY ATTENUATION DURING 90 DAYS OF BED REST

WITH -6O HEAD-DOWN TILT

J. Rittweger1,2, K. Müller1, D. Felsenberg3, J. Zange1

1Division of Space Physiology, Institute of Aerospace Medicine, German
Aerospace Center, Cologne, Germany
2IRM Research Institute, Manchester Metropolitan University, Manchester, U.K.

Introduction: Literature suggests that muscle x-ray attenuation (MXA) in
Hounsfield units (HU) is decreased in dystrophy, ageing and reportedly in im-
mobilization. It is commonly thought that the MXA-decrease in dystrophy in
ageing and in dystrophy reflects the accumulation of intra-muscular fat. How-
ever, a study on the ultrastructure of the deltoid muscle indicated that the in-
tramuscular lipid content is decreased as a result of bed rest, and one would
expect an increase, rather than a decrease in MXA. The aim of the present
study therefore was to assess the time-course of any MXA changes during 90
days of bed rest with -6o head down tilt.

Subjects & Methods: Data from the Long Term Bed Rest (LTBR) study,
which was carried out in Toulouse in 2001 and 2002 were analyzed in retro-
spective. In that study, twenty-five healthy men performed BR for 90 days,
eight of which performed flywheel exercise 2-3 times per week. Muscle cross
sectional area (CSA) and MXA were assessed at the calf at 66% of the tibia’s
length by peripheral quantitative computed tomography with an XCT 2000
(Stratec, Pforzheim, Germany). Regions of interest (ROI) was placed just in-
side the calf muscle, just outside the tibia, and just outside the fibula. All seg-
mentation thresholds were set to 0 mg/cm3. 

Results: Calf muscle CSA decreased during 89-day bed rest by 26.6 (SD
3.8) % in the control group. In the same group, MXA increased by 1.2 HU on
day 28 of bed rest, but tended to approach baseline values on day 89. In the
flywheel group, changes paralleled those in the control group, but were miti-
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gated (P<0.001). In both groups, all changes were reversed within 90 days
after reambulation.

Discussion: The obtained results indicate that MXA is not decreased as a
result of bed rest in young healthy men. However, it is currently unclear what
effects have caused the small but consistent increase during bed rest. As pos-
sible mechanisms, we suggest an increase in intramuscular blood content, in-
terstitial fluid space shrinkage, or a reduction of intramuscular lipid stores. 

WHAT DO BISPHOSPHONATE-ASSOCIATED OSTEONECROSIS OF

THE JAW AND “PHOSSY JAW” HAVE IN COMMON?
S. López, D. Felsenberg 
Charité - University Medicine Berlin, Campus Benjamin Franklin, Centre of
Muscle and Bone Research, Hindenburgdamm 30, 12200 Berlin

Objectives: Since 2003 bisphosphonate medication has been related to sev-
eral cases of osteonecrosis of the jaws (ONJ). Some authors have pointed out
parallels between ONJ and “phossy jaw” or phosphorus necrosis, a disease
which was observed in the 19th century among workers in the matchmaking in-
dustry who were in regular contact with white phosphorus. The purpose of this
work is to explore what the historical and the current disease have in common.

Subject & Methods: The Centre of Muscle and Bone Research at Charité
University Medicine in Berlin collects data about bisphosphonate-associated
cases of osteonecrosis of the jaw in Germany. By now 1195 cases have been
reported, 163 of them are cases of patients having been treated at the Charité.
A review of these bisphosphonate-associated ONJ cases in Germany and the
existing medical history literature about “phossy jaw” will help to show the
characteristics and similarities of both diseases.

Results: “Phossy jaw” was described as an inflammation of the periost of
the jaw induced by direct contact with phosphorus vapours. The authors put
emphasis on the fact that there had to be a trigger for the development of
“phossy jaw”, such as a carious tooth. The symptoms and clinical picture of
“phossy jaw” and bisphosphonate-associated ONJ are similar, including
toothache, swelling of the gum, tooth loosening, purulence, exposed bone etc.
ONJ also seems to need a trigger. For example of the 626 reports which men-
tioned the dental record of the patient, only 11 were not related to factors such
as parodontitis, tooth extraction and implants, osteotomies or prostheses. An-
other fact that “phossy jaw” and bisphosphonate-associated ONJ have in com-
mon is that there is very little known about their aetiology.

Discussion: “Phossy jaw” and bisphosphonate-associated ONJ seem to be
the same disease, but although we do not know much about their aetiology,
this seems to be the crucial point where they differ. “Phossy jaw” is merely
the result of a toxic effect on the mucosa and the periost, whereas according
to a current hypothesis ONJ is basically caused by the combination of an al-
tered bone metabolism, immune modulation and an intervention/inflammation
near the affected location of the jaw.

Conclusions: A literature review and comparison of cases of ONJ and
“phossy jaw” lead to the conclusion that both diseases seem to be strikingly
similar when it comes to the description of the symptoms and the clinical
process, but there is little knowledge about their aetiology.

THE ROLE OF MUSCLES CONTRACTION IN HUMAN TIBIA

DEFORMATIONS DURING DIFFERENT LOCOMOTIVE ACTIVITIES:
AN IN VIVO STUDY

P-F. Yang1,2, M. Sanno2, B. Ganse1, T. Koy3, G-P. Brüggemann2, 
L.P. Mueller3, J. Rittweger1

1Division of Space Physiology, Institute of Aerospace Medicine, German
Aerospace Center, Cologne, Germany
2Institute of Biomechanics and Orthopaedics, German Sport University
Cologne, Germany
3Department of Orthopaedic and Trauma Surgery, Cologne University Hospital,
Germany

Objectives: Evidence suggests that bone deformation plays a decisive role
in bone adaptation to the environment. However, currently, the mechanisms
are not completely clear yet. First, to date, assessing in vivo bone deformation
is still a big challenge due to the technical difficulties. Traditional strain gauge
methods are of limited value because of inherent limitations. Second, it is

commonly thought that both ground reaction force and muscular contractions
contribute to the loading of bone in human lower limb. Nevertheless, among
these two forces, it is still controversial which one predominates, even if bio-
mechanical analyses suggest that muscular contraction normally causes larger
forces. Based on the above considerations, the main hypotheses of this study
would be that there is a considerable amount of global bending and torsion
deformation in human tibia during the locomotive activities. Second, we an-
ticipate the tibia deformations are strongly correlated with the activities of the
lower limb muscles. 

Subjects & Methods: The experiments were performed at the Department
of Orthopedic and Trauma Surgery of the University Hospital of Cologne.
One subject will have participated in this study. 

Novel optical approach for tibia deformation recording has been established
and adopted in this study. Briefly, three marker clusters with three non-
collinear retro-reflective markers (diameter Ø5 mm) on the cluster were af-
fixed into the anterior-medial aspect of tibia by bone screws (Cannulated
screws, Ø3 mm, Stryker Leibinger GmbH & Co. KG, Germany). The sites for
installing bone screws with marker clusters were approximately 10 cm below
the tibia plateau, mid-site of the tibia diaphysis and approximately 7 cm above
the tibia medial malleolus, respectively. These three bone screws were inserted
and penetrated into tibia approximately 4 mm to keep the screws in the cortical
tibia. With the Vicon MX motion capture system (eight Vicon F40 cameras,
Vicon Motion System Ltd., LA, USA), the trajectories of retro-reflective
markers affixed on tibia were captured at 300 Hz during different locomotive
activities. The best configuration of the optical system has been adopted in
this study to fulfill the requirement of accuracy and precision for bone defor-
mation recording. Tibia deformations (axial deformation, bending and torsion)
were calculated based on the relative movement between the markers. Simul-
taneously, the activities of the lower limb muscles were evaluated with super-
ficial electromyography during the locomotive activities. 

Results: As soon as the data from this study is available, the results will be
reported during the conference. 

IN VITRO EVALUATION OF COMMERCIALLY AVAILABLE

SCAFFOLDS FOR USE IN MUSCULOSKELETAL REGENERATIVE

MEDICINE

J. Cornish, D.S. Musson, B.G. Matthews, K.E. Callon, D. Naot
Department of Medicine, University of Auckland, New Zealand

Objectives: To seek biocompatible scaffolds for use in skeletal regenera-
tion. Injuries to bone and tendons can cause major morbidity in healthy, active
people. Providing a scaffold that encourages appropriate cell attachment,
growth, and ultimately tissue regeneration, could improve the clinical out-
comes from injuries such as rotator cuff tears and non-union fractures. Scaffold
materials of both natural and synthetic origin have been tested in this study to
evaluate their potential utility in musculoskeletal regenerative medicine.

Methods: Two scaffolds were evaluated as biomaterials: Spidrex® 543 (Ox-
ford Biomaterials Ltd, UK), a spider-like silk fabric; and Endoform™ (Mesyn-
thes, NZ), a decellularised ovine forestomach matrix then compared to
three-dimensional (3D) collagen gels as a control and FiberWire® (Athrex.
Inc, US) a polyethylene and polyester composite suture, which is currently
utilised in orthopaedic surgery. 

Primary human dendrocytic cells were exposed to scaffolds, with cell-sur-
face activation markers analysed using FACS to determine scaffold immuno-
genicity. Attachment and growth of primary osteoblasts and tenocytes were
analysed using live-dead staining and alamar Blue fluorescence. Phenotypic
retention was assessed through morphological studies, while realtime PCR
was employed to evaluate cell differentiation.

Results: FACS analysis determined that Spidrex® 543, invoked a high im-
mune response in the primary human dendrocytes, while Endoform™ and the
3D collagen gels provided relatively low immunogenicity. FiberWire®, the
synthetic suture material currently used in orthopaedic surgery produced rel-
atively high immune activation within these cells.

Osteoblasts and tenocytes both successfully adhered to and grew on the
Endoform™, Spidrex® 543 and within the 3D collagen gels, whereas the or-
thopaedic suture material proved unsuitable for cell attachment/growth (Figure 1).
Gene analysis and morphology in the three permissible scaffolds suggest cells
retain their phenotype when cultured in them.
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Discussion: 3D culture systems support and amplify proliferation and dif-
ferentiation. Notably, the effect of key osteoblast-stimulating factors Lacto-
ferrin, TGFβ and PDGF were significantly enhanced in osteoblasts within 3D
gels (P≤0.05) compared to osteoblasts in 2D, while gene expression of key
osteoblastic markers Alkaline Phosphatase, Osteocalcin and Bone Sialoprotein
were increased 7-, 350- and 22-fold, respectively, in osteoblasts cultured
within 3D collagen gels (P≤0.05).

Summary: We have developed an in vitro evaluation package to identify
the biocompatibility of biomaterial scaffolds; whether the materials support
and promote target cell growth and have potential for use in bone and tendon
regeneration. Much time and expense can be saved by such in vitro evaluation
of biomaterials prior to embarking on in vivo studies.

SHORT DURATION RESISTIVE EXERCISE SUSTAINS

NEUROMUSCULAR FUNCTION AFTER BED REST

U. Gast1, S. John4, M. Runge2, R. Rawer3, D. Felsenberg1, D.L. Belavý1

1Centre for Muscle and Bone Research, Charité Universitätsmedizin Berlin,
Hindenburgdamm 30, 12203 Berlin, Germany
2Aerpah Clinic Esslingen, Esslingen, Germany
3Novotec Medical GmbH, Pforzheim, Germany
4Zentrum für ambulante Rehabilitation, Suttgart, Germany

Purpose: To assess the effectiveness of a short duration, three times weekly,
high-load resistive exercise program on preventing deterioration in neuromus-
cular function after prolonged bed rest.

Methods: Twenty-four male subjects performed high-load resistive exercise
(RE; n=8), high-load resistive exercise with whole-body vibration (RVE; n=9)
or no exercise (control, n=9) during 60-day head-down tilt bed rest as part of
the 2nd Berlin Bed Rest Study (BBR2-2). Peak countermovement jump power
and height, sit-to-stand performance, sprint time over 15 m and 30 m and leg-
press one repetition maximum were measured before and after bed rest.

Results: The exercise interventions as compared to controls without exer-
cise were capable of ameliorating losses of peak countermovement jump
power (p<0.001) and height (p<0.001), deterioration of sit-to-stand time from
45 cm (p=0.034) and 30 cm (p<0.001) sitting positions, increases of 15 m
(p=0.037) and 30 m (p=0.005) sprint time and losses of one-repetition maxi-
mum leg-press (p<0.001).

Conclusion: The short duration (6 minutes time under tension per training
session) exercise countermeasure program performed three times a week was
capable of reducing the impact of prolonged bed rest on a number of neuro-
muscular function measures.

EFFECTS OF LOW DOSE CALCIUM AND VITAMIN D 
SUPPLEMENTATION ON BONE DENSITY AND STRUCTURE

MEASURED IN VIVO BY μCT AT THE DISTAL TIBIA IN POST-
MENOPAUSAL WOMEN WITH LOW BONE MASS

O. Bock, G. Beller, H. Börst, D. Felsenberg
Centre for Muscle and Bone Research, Campus Benjamin Franklin, Charité -
University Medicine Berlin, Germany

Objectives: To examine in vivo the effect of low dose supplementation of
calcium 500 mg and vitamin D 400 IU daily on bone density and structure at
distal tibia in postmenopausal women with osteopenia or mild osteoporosis.

Patients & Methods: 68 postmenopausal women with low bone mass and
without prevalent vertebral fractures were equally randomized into a mono-cen-
tric, placebo-controlled, double-blind study of one year (SPIMOS-3D). All pa-
tients in the verum (oral ibandronate 150 mg once monthly) and placebo group
received calcium 500 mg and vitamin D3 400 IU daily. Bone density and struc-
ture were measured in vivo by μCT (Xtreme-CT, Scanco Medicals) at the distal
tibia (DT). These are the results of a post-hoc analysis of the placebo group
(CaD; n=33; mean age 68.6±3.2 years; mean T-score of DXA-BMD at lumbar
spine and total hip -2.47±0.47 and -0.86±0.75 SD, respectively) showing the ef-
fects of calcium and vitamin D alone on the above mentioned parameters.

Results: μCT values at baseline and after one year of treatment were avail-
able for 29 patients in the CaD group. Over the one year treatment period,
there was a significant increase of BV/TV by 1.21% (p=0.002) and a reduction
of Tb.Sp by 6.94% (p<0.001) in these patients. In addition, there was also a
significant change in other parameters possibly relevant for bone strength at
the distal tibia (Table).

Parameters of Baseline 12 months Changes p values
bone density (mean values) (mean values) (%)
and structure

BVTV 0.115 0.117 1.21 0.002
TbSp (mm) 0.598 0.557 -6.94 <0.001
CortArea (mm2) 80.328 82.821 3.10 <0.001
TrabArea (mm2) 594.986 593.231 -0.30 <0.001
Dcomp (mgHA/cm3) 773.200 770.224 -0.39 0.220 
Dtrab (mgHA/cm3) 138.255 140.055 1.30 0.001
CtTh (mm) 0.782 0.807 3.13 <0.001
CtPm (mm) 103.783 103.641 -0.14 0.104 
TbN (1/mm) 1.518 1.635 7.73 <0.001

TbTh (mm) 0.076 0.071 -5.80 <0.001

There were no statistically significant differences in μCT parameters 
between the CaD group and the verum group receiving oral ibandronate in
addition.

In the CaD group serum bone turnover markers as CTx and P1NP showed
also significant changes in accordance to those of the μCT parameters. CTx
decreased by 16.78% (p=0.006), P1NP increased by 8.68% (p=0.048). On the
other hand, and as expected, no significant changes could be detected in DXA
BMD measurements at lumbar spine and total hip (+0.16% and +0.24%;
p=0.755 and 0.569, respectively).

Conclusions: After one year of low dose calcium and vitamin D supple-
mentation, bone density and structure as measured by μCT at the distal tibia,
but not DXA BMD at lumbar spine and total hip, show moderate, but statisti-
cally significant, changes in postmenopausal women with low bone mass. The
results will be discussed from the clinical perspective as well as with respect
to the methodological limitations of currently available in vivo μCT.

ATYPICAL SUBTROCHANTERIC AND DIAPHYSEAL FEMORAL

FRACTURES ASSOCIATED WITH LONG-TERM BISPHOSPHONATE

USE IN POSTMENOPAUSAL OSTEOPOROSIS - A CASE STUDY

O. Bock, U. Stege, D. Felsenberg
Charité - University Medicine Berlin, Campus Benjamin Franklin, Centre for
Muscle and Bone Research

Objectives: The incidence of atypical (subtrochanteric and diaphyseal)
femoral fractures (AFF) associated with the use of bisphosphonates (BP) for
the treatment of patients with osteoporosis appears to be very low. Moreover,
a causal association between BP and AFFs has not been clearly established.
However, recent observations suggest that the risk rises with increasing BP
exposure, and there is concern that lack of awareness and underreporting may
mask the true incidence of the problem. 

Despite their relative rarity, AFF, if occurring in individual patients, are of
great challenge for further medical management. A few case reports and an-
ecdotal findings, but a lot of preclinical data as well, suggest that osteoanabolic

Figure 1. Calcien staining of tenocytes growing on A: Spidrex®, B: Endoform™,
C: within 3D collagen gels and D: on FiberWire®.
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treatment with teriparatide or parathyroid hormone (possibly also with stron-
tium ranelate) could improve the outcome of these fractures. Nevertheless, it
seems unlikely for several reasons that there will be a randomized, controlled
trial of teriparatide or other osteoanabolics for AFF management. 

Patients & Methods: We report here on five patients with altogether eight
BP-associated AFF who were identified in or referred to our osteoporosis out-
patient clinic since November 2009. This case study follows the recommenda-
tions given by the ASBMR for AFF reports and includes demographic data, key
radiographic features of AFF, prior fracture history, bone mineral density (BMD)
before fracture and at the time of fracture, osteoporosis treatment, concomitant
medications, comorbid medical conditions, biochemistries incl. markers of bone
turnover (BTM). We provide detailed information on individual risk patterns
and treatment considerations as well as on different therapeutic outcomes.

Results: All five AFF patients in our case study were treated with BP for
postmenopausal osteoporosis (including one case with primary hyperparathy-
roidism occurring later during BP treatment). Their mean age at the time of
(first) AFF was 75 years (range: 66-86 years), the mean duration of BP treat-
ment was 7 years (range: 3-11 years). Two patients suffered from bilateral,
complete subtrochanteric AFF followed by delayed healing after osteosynthe-
sis - both these patients had a medical history with long lasting rheumatoid
arthritis, glucocorticoid and proton-pump inhibitor treatment. The other four
AFF occurred in three patients without any additional clinical risk factors re-
cently discussed in the pathogenesis of AFF and showed the radiological pat-
terns of incomplete diaphyseal insufficiency fractures with involvement of the
lateral cortex only. Otherwise, our patients with complete or incomplete AFF
and with subtrochanteric or diaphyseal AFF, respectively, did not differ in
prior fracture, BMD and BTM history.

As for the moment of abstract submission, one out of three patients treated
with teriparatide showed after two years clinical and radiographic evidence
for improved fracture healing. On the other hand, in a case with assumed con-
traindications for teriparatide one complete diaphyseal AFF developed from
an originally incomplete insufficiency fracture. 

THE EARLY ONSET AND SEVERE OSTEOARTHROPATHY OF

ALKAPTONURIA HAS MAJOR LESSONS FOR THE PATHOGENESIS

OF OSTEOARTHRITIS

J.A. Gallagher, A.M. Taylor, C.M. Keenan, A.J. Preston, P.J. Wilson,
J.P. Dillon, J.C. Jarvis, L. Ranganath, A. Boyde
Bone and Joint Research Group, Department of Musculoskeletal Biology, 
University of Liverpool and Queen Mary University of London

Objectives: The biomedical literature contains many examples of how re-
search on extreme phenotypes in monogenic diseases has helped elucidate the
molecular pathogenesis of more common disorders. We have investigated how
ochronosis, the deposition of pigmented polymers in cartilage in the ultra rare
disease Alkaptonuria (AKU), leads to a severe and early onset osteoarthropa-
thy. AKU is caused by a deficiency of HGD, an enzyme in the metabolism of
tyrosine, leading to elevated circulating levels of homogentisic acid (HGA).

Subjects & Methods: We investigated ochronosis by a combination of bio-
chemical, structural, and ultrastructural methods using an in vitro model in
which chondrocytes were cultured in medium supplemented with HGA, ex
vivo studies on ochronotic cartilage obtained at joint replacement surgery and
in vivo studies on AKU mice genetically deficient in HGD.

Results: At the ultrastructural level, the earliest deposition of ochronotic pig-
ment was found to be associated with the periodicity of collagen. Furthermore,
disruption of the integrity of collagen fibrils appears to precede pigmentation.
Ochronosis is initiated in the matrix associated with individual chondrocytes in

calcified articular cartilage, then spreads to adjacent chondrocytes and eventually
proliferates throughout the cartilage. Pigmentation makes hyaline cartilage stiff,
brittle and resistant to turnover. The altered biomechanical loading on the un-
derlying bone leads to defective remodelling, including complete resorption of
the subchondral plate and the development of excrescences on the trabecular
surface, some of which appear to be templated by adipocytes. 

Discussion: Our results suggest that extracellular matrix is initially resistant
to pigmentation but becomes susceptible following degenerative changes. Pig-
mentation appears to be a response to, rather than the cause of, initial degener-
ation. However, once the early pigment has been deposited, changes in the
biochemical and/or biomechanical environment ensue leading to further degen-
eration and a downward spiral of pigmentation throughout the cartilage. These
results highlight the role of calcified articular cartilage in the initiation of de-
generative changes in cartilage and also demonstrate that interactions between
bone and cartilage lead to focal aberration in normal “Frostian remodelling”.

Summary: Our findings demonstrate that investigating severe phenotypes,
such as ochronosis observed in AKU, will provide major insights into the
pathogenesis of the more common forms of osteoarthritis.

EFFECTS OF STRONTIUM RANELATE COMPARED TO

ALENDRONATE ON STRENGTH PARAMETERS AT THE TIBIA IN

POST MENOPAUSAL OSTEOPOROTIC WOMEN AFTER A 
TREATMENT PERIOD OF 2-YEARS
G. Beller1, O. Bock1, H. Boerst1, G. Armbrecht1, C.E. Fiore2, 
G.P. Lyritis3, A. Kindmark4, M. Hartard5, M. Runge6, M.L. Brandi7, 
G. Sergi8, I. Bergstrom9, D. Felsenberg1

1Charité Campus Benjamin Franklin, Berlin, Germany
2Clinica Medica Osp. Vittorio Emanuele, Catania, Italy
3K.A.T. Hospital Kifissia, Greece
4Uppsala University Hospital, Uppsala, Sweden
5Centrum für Diagnostik und Gesundheit, München, Germany
6Aerpah-Klinik, Esslingen, Germany
7Policlinico Careggi, Firenze, Italy
8Clinica Geriatrica, Padova, Italy
9Karolinska Universitetssjukhuset Huddinge, Stockholm, Sweden

Objective: Comparison of the effects of strontium ranelate (SrRan) and al-
endronate (ALN) on bone strength parameters measured by peripheral Quan-
titative Computed Tomography (pQCT) in women suffering from
postmenopausal osteoporosis. 

Subjects & Methods: A randomized, double-blind and double-dummy
multicenter international study. 189 women were randomized to SrRan 2 g/day
or ALN 70 mg/week during 2 years. Bone strength parameters were assessed
by pQCT at 14%, 38% and 66% of the tibia’s length and at 66% of the radius’
length, respectively. 

Results: Baseline characteristics were similar between groups with a mean
age (±SD) of 67.6±5.7 years; L1-L4 and total hip DXA T-scores of -3.1±0.6
and -2.0±0.8, respectively. No relevant between-group differences were seen
for any pQCT parameters at baseline. After 24 months of treatment, a signif-
icant between-group difference in favor of SrRan was observed for polar mo-
ment of inertia (Ip) (p=0.017), density-weighted Ip (Ipw) (p=0.011), polar
section modulus (Rp) (p=0.013) and density-weighted Rp (Strength Strain
Index - SSI) (p=0.001) at the 14 % location of the distal tibia. Significant be-
tween-group difference in favor of SrRan was also observed for Ipw (p=0.011)
at the 38% location and for Ipw (p<0.05) and SSI (p<0.001) at the 66% loca-
tion (Table).

Polar moment of inertia (Ip) Density-weighted Ipw Polar section modulus (Rp) Strength Strain Index-(SSI) 
Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Tibial level SrRan ALN SrRan ALN SrRan ALN SrRan ALN 

14% 1.2(1.6)§ 0.5(1.8)* 1.7(2.1)§ 0.9(2.4)* 0.7(1.8)* -0.1(2.2)NS 1.3(2.4)§ 0.1(2.3)NS 
38% 0.9(1.8)§ 0.9(1.7)§ 2.2(2.3)§ 1.5(2.0)§ 0.7(1.8)* 0.7(2.0)* 1.8(2.4)§ 1.3(2.2)§ 
66% 1.2(1.7)§ 1.1(2.8)** 2.2(2.7)§ 1.5(2.4)§ 0.9(1.9)§ 0.6(2.2)* 2.0(2.3)§ 0.8(2.1)**

Within group difference: *p<0.05; **p<0.001; §p<0.0001. Significant between group differences are marked in bold letters.

Table.
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At the 66% position of the radius, no between-group difference was ob-
served regarding bone strength parameters with a significant Ipw and SSI in-
crease in both groups. The two treatments were well tolerated. 

Conclusion: Strontium ranelate demonstrates greater effects on strength
parameters at the 14%, 38% and 66% location of the tibia, compared to alen-
dronate, in women with postmenopausal osteoporosis after two years of treat-
ment. These findings consolidate the results of previous studies supporting a
beneficial effect of strontium ranelate on bone strength.

TRANSSEXUAL WOMEN HAVE LOW BONE MASS BEFORE

CROSS-SEX HORMONAL TREATMENT AND GONADECTOMY
E. Van Caenegem1, Y. Taes2, S. Goemaere3, H. Zmierczak3, K. Wierckx1,
J.M. Kaufman2, G. T’Sjoen1,2

University Hospital Ghent, Belgium, 1Center for Sexology and Genderproblems,
2Department of Endocrinology, 3Unit for Osteoporosis and Metabolic Bone
Diseases

Objectives: Sex steroids have an important impact on gender differences
in bone geometry acquired during puberty. Male-to-female transsexual persons
(transsexual women) undergo extreme hormonal changes due to orchidectomy
(sex reassignment surgery, SRS) and estrogen substitution, which leads to al-
tered body composition and may change bone mass and size. The objective
of the present study was toexamine body composition, bone mass and geom-
etry in transsexual women before cross-gender sex steroid exposure and SRS
in comparison to age- and height-matched control men.

Subjects & Methods: A prospective intervention study with 42 transsexual
women (median age 31 years) with age-and height-matched control men. Grip
strength, using a hand dynamometer, physical activity, areal bone mineral den-
sity (aBMD), using DXA, bone geometry and volumetric bone mineral density
(vBMD), using peripheral quantitative computed tomography, were measured,
before the start of cross-sex hormonal therapy and SRS.

Results: No differences were observed in weight, height, BMI, smoking
and physical activity scores or fracture prevalence between transsexual women
and controls. Body composition was also similar without significant differ-
ences in lean and fat mass, muscle mass and strength and waist and hip cir-
cumference. Prevalence of osteoporosis was higher in transsexual women
(21%) compared to control men (3.4%) (p<0.05). They had a lower aBMD at
the lumbar spine, hip and femoral neck (all p≤0.01) and lower trabecular and
cortical vBMD at the radius and tibia (all p<0.05) compared to control men.
A significantly thinner radial and tibial cortex (both p≤0.016), possibly due
to a smaller periosteal and larger endosteal circumference (n.s.), was also
found in transsexual women compared to control men. 

Positive associations were found between physical activity, in particular
participation in sports, and aBMD at the lumbar spine, total hip and femoral

neck in transsexual women (all p<0.05), but not in control men. 
Conclusions: Transsexual women before the start of hormonal therapy ap-

pear to have a lower bone mineral density as well as a thinner bone cortex at
the radius and the tibia compared to control men. The reasons for these dif-
ferences are unclear.

MALE OBESE ADOLESCENTS HAVE STRONGER AND BIGGER

BONES THAN THEIR NORMAL-WEIGHTED PEERS
S. Vandewalle, H. Zmierczak, I. Roggen, P. Debode, M. van Helvoirt,
Y. Taes, S. Goemaere, K. Toye, J.M. Kaufman, J. De Schepper

Background & Objectives: Recent studies have shown that obesity is as-
sociated with an increased risk of fracture. Whereas some studies report higher
bone mineral density (BMD) (measured by DXA) in overweight children,
other studies conclude that obesity is linked to a lower BMD. However, there
are few data on bone geometry and true volumetric bone mineral density
(vBMD) in obese adolescents. This study wants to determine bone strength,
bone geometry and vBMD in obese male adolescents by peripheral quantita-
tive computed tomography (pQCT) and the relationship between muscle force
and bone characteristics at the tibia in adolescents. 

Subjects & Methods: 51 male obese (mean BMI sds: 2.55) adolescents,
aged 10-19 y, recruited at the start of a residential obesity treatment program
in De Haan (Belgium), and 51 healthy male controls matched for age and
height (mean BMI sds: -0.17) were included in this cross-sectional study. Tra-
becular (4% site from distal end) and mid shaft cortical (38 % site from distal
end) vBMD and bone geometry were assessed at the non-dominant leg using
the Stratec XCT 2000 device. Maximal muscle force (F max) was evaluated
by two leg jumping mechanography using a ground force reaction plate
(Leonardo, Novotec Medical GmbH).

Results: The trabecular vBMD and area measured at the distal end of the
tibia (4%) were higher in the obese group. At mid shaft, tibial cortical area,
periosteal circumference and endosteal circumference were larger in the obese
group. There was no significant difference in cortical vBMD between the two
groups. The stress-strain index (SSI) was significantly higher in the obese
group. Obese adolescents developed a significantly higher maximal force (2.1
(range: 2.8) vs 1.2 (range: 1.3) kN; p<0.001) compared to the control group.
In the merged study groups significant positive associations were observed
between F max and cortical bone area (β: 0.60; p<0.001), periosteal circum-
ference (β: 0.59; p<0.001), endosteal circumference (β: 0.41; p<0.01), trabec-
ular bone area (β: 0.50; p<0.001), and trabecular vBMD (β: 0.34; p=0.01),
but not cortical vBMD (β:0.13; p=NS) (Table). 

Discussion & Summary: Obese adolescents have a bigger bone size and higher
bone strength at the tibia compared to normal-weighted controls. They develop
higher ground reaction forces and apply higher mechanical load to the skeleton. 

Obese boys (mean± SD) Control boys (mean± SD) Difference between groups (%) Significance (p) 

pQCT results T4
Trabecular vBMD (mg/cm3) 240±29 227±35 5% <0.05
Trabecular area (mm2) 545±111 452±97 20% <0.001

pQCT results T38
Cortical vBMD (mg/cm³) 1079±37 1074±62 - NS
Cortical area (mm²) 307±69 257±51 19% p<0.001
Periosteal circumference (mm) 80±10 74±8 8% p<0.001
Endosteal circumference (mm) 52±8 46±10 13% p<0.01
SSI (mm3) 1817±468 1416±339 28% p<0.001

Table.


