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Abstract
Summary One hundred and twelve postmenopausal women
with low bone mineral density (BMD) and forearm fractures
were randomized to physical training or control group. After
one year the total hip BMD was significantly higher in the
women in the physical training group. The results indicate a
positive effect of physical training on BMD in postmeno-
pausal women with low BMD.
Introduction The fivefold increase in hip fracture incidence
since 1950 in Sweden may partially be due to an increasingly
sedentary lifestyle. Our hypothesis was that physical training
can prevent bone loss in postmenopausal women.
Methods One hundred and twelve postmenopausal women
45 to 65 years with forearm fractures and T-scores from
−1.0 to −3.0 were randomized to either a physical training
or control group. Training included three fast 30-minute
walks and two sessions of one-hour training per week.
Bone mineral density (BMD) was measured in the hip and
the lumbar spine at baseline and after one year.
Results A per protocol analysis was performed, including
48 subjects in the training group and 44 subjects in the
control group. The total hip BMD increased in the training

group +0.005 g/cm2 (±0.018), +0.58%, while it decreased
−0.003 g/cm2 (±0.019), −0.36%, (p=0.041) in the control
group. No significant effects of physical training were seen
in the lumbar spine. A sensitivity intention to treat analysis,
including all randomized subjects, showed no significant
effect of physical training on BMD at any site.
Conclusions The results indicate a small but positive effect
of physical exercise on hip BMD in postmenopausal
women with low BMD.
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Introduction

Hip fracture, perhaps the most severe clinical manifestation
of osteoporosis, is related to several sequelae, such as early
death and disability. According to registry studies the
incidence of fragility fractures in Sweden has more than
doubled since 1950 and the incidence of hip fractures has
increased even more [1]. The estimated risk for a 50-year
old Swedish woman of having a hip fracture during her
lifetime is presently about 23% [2]. It is uncertain whether
the incidence of hip fractures will continue to rise, and data
from Finland indicate that it is slowly declining [3]. The
prevalence of osteoporosis increases with age. The dramatic
increase in hip fractures during the last few decades,
however, cannot be fully explained by an increase in the
number of elderly in the population alone, but may well be
due to an increasingly sedentary lifestyle [4].

The fact that mechanical loading is important for bone
mineral density (BMD) has been shown in animal studies
[5–7]. A drastic reduction in the physical activity of an
individual will lead to a rapid and substantial decrease in
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bone mineral density and bone strength. This has been
firmly shown in studies on tetraplegic patients and
astronauts spending months in zero gravity [8].

Many observational cross-sectional studies indicate the
beneficial effects of physical training on bone. The results
of observational studies on exercising individuals show that
they have higher BMD [5] and that they have lower fracture
risk [7] than non-exercising individuals. The largest effects
of physical activity on BMD have been reported in children
and teenagers [5], but small positive effects in adults have
also been observed. Several prospective randomized trials
in postmenopausal women without previous fractures have
looked for the effects of physical training on spine BMD
[9–14] or hip BMD [15–18] or both [19–26]. In general
these studies have shown an increased BMD in the physical
training group compared to in the control group in the range
of 1–1.5% after one year of training.

Very few studies have included women with low bone
density and fragility fractures [19, 27], which is the most
important population for osteoporosis intervention.

The aim of this study was to investigate whether moderate
physical training of a kind that can be incorporated into daily
living can prevent the expected bone loss in postmenopausal
women with forearm fractures and low bone mass.

Material and methods

Patients

The ethics committee of the Karolinska Institute approved
this prospective randomized controlled study. We screened
postmenopausal women 45 to 65 years of age with a
previous forearm fracture for enrolment in the study.
Menopause was defined as one year after the last men-
struation. The women were eligible if they had a BMD
T-score of ≤−1 in the total hip or spine L1–L4 and were
able and willing to participate in the training. The women
were excluded if they had a T-score lower than −3 at any
site, had any disease known to interfere with bone
metabolism, were on cortisone therapy or antiresorptive
medication, including hormone replacement therapy, had a
BMI lower than 19.9 or higher than 30.9, or were already
training at the level of or above that of the intervention.
Each subject was given a study number according to the
order in which she was included in the study. This number
defined which group the subject was randomized to, by use
of a predefined random number table.

Recruitment procedures and participant flow

Three hundred and seventy-seven women contacted the
clinic after they had read our advertisements in a newspaper

and six were referred from the orthopaedic emergency unit
after a forearm fracture within the last five years. All
women were subjected to a preliminary telephone interview
by the study nurses. Prior to the DXA, 216 women were
possibly eligible. All of these were invited for bone
densitometry. One hundred and ninety-one women turned
up. Forty of these women had normal bone mineral density,
11 had a T-score below −3.0, and 19 were ineligible due to
other causes, such as significant disease, medication or
withdrawal of consent. We aimed at an inclusion of 154
women. However, after three years the inclusion was
stopped due to a low inclusion rate, and the inclusion
target was not reached.

One hundred and twenty-one women fulfilled the BMD
inclusion criteria and were called for inclusion. They had
routine blood tests performed: blood count, sedimentation
rate, serum levels of creatinine, calcium, phosphate,
alkaline phosphatase, free T4 and TSH. A urine sample
was taken for glucose and albumin. Vitamin D levels were
not analysed. Each participant was seen by a doctor and her
medical history was taken. A medical examination was
performed. When appropriate, additional laboratory tests
were taken to rule out secondary osteoporosis. Seven were
diagnosed with primary hyperparathyroidism. All women
suitable for antiesorptive therapy were offered this treat-
ment as an alternative to inclusion in the study. Two were
started on bisphosphonates and were excluded before
randomization. Thus a total of 112 women were rando-
mised (see Fig. 1 for participant flow).

Intervention

The physical training consisted of three fast 30-minute
walks and one or two sessions of one-hour training per
week in a training centre, separate from the hospital. The
fact that the training sessions were given at several different
time-points every day of the week gave the subjects
excellent accessibility to the training. The physical training
consisted of a 5-minute warm-up, 25 minutes of strength-
ening exercises for the arms, legs, back and stomach, 25
minutes of aerobic exercise, and 5 minutes of stretching.
The individuals chose their own level and intensity of
training and were encouraged to increase the level if
possible. The women recorded each training episode.
Attendance was controlled by the study nurses for each
subject after 3, 6 and 12 months (compliance was 95%). All
patients were given a supplement of vitamin D and calcium.

Bone mineral density measurements

The main endpoints of the study were the changes in bone
mineral density of the total hip and the lumbar spine. BMD
was measured in each subject at baseline and after one year,
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using the dual X-ray absorptiometry scans (DXA) (Lunar
Prodigy 10631 GE Medical Systems). Throughout the
study automatic calibration checks were performed daily.
Three times a week calibration using a spine phantom
provided by the manufacturer was performed. The left hip
was scanned in all patients and the lumbar spine was
measured by scanning from the fourth to the first lumbar
vertebra. The precision was about 1%.

Leg muscle performance test

The timed-stand test is a performance-based measure that
records the time in seconds needed to stand up ten times

from a standard chair [28]. A shorter time indicates better
performance.

Statistical methods and power calculations

A power calculation was performed based on results from
other studies [11, 24]. With a sample size of 64 in each
group, we had a 80% power to detect a difference in means
of 3%, assuming that the standard deviation was 6% and
using a two group t-test with a 0.05 two-sided significant
level. With a dropout frequency of 20%, we calculated that
a total of 154 subjects would be needed. Our choice to
study women with a Colles fracture increased the likelihood

1 DXA during HRT 

8 excluded from per protocol  
started too extensive training 

11 excluded per protocol 
inadequate level of training 

112 included 

2 started 

bisphosphonate 

7 secondary 
osteoporosis 

121 eligible with T-score -3.0 to -1.0 

40 T-score >-1.0 11 T-score <-3.0 

191 DXA 

25 did not come 

216 invited 

377+6 in contact 
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3 too high level of 
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   too low 

1 Hodgkin’s disease  
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(19 in total) 

Training 
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59 Intention to Treat 
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44 Per Protocol 

52 Intention to Treat 
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Fig. 1 Participant flow
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of a fairly homogenous cohort and increased the chance of
detecting subjects with low bone mass, thus reducing the
number of subjects that would have to be screened in order
to reach the targeted number.

The data were analysed using basic descriptive statistics
and repeated measurement ANOVA with the Statistica 7.0
software. The two groups (control and training) were the
between-factor and the time (0 and 12 months) was the
within-factor. The proportional differences over time in
each group were calculated and compared. In both groups
there were technical measurement problems in the DXA in
the hip of one patient. Three timed-stand tests, including
subjects from both groups, were not performed at the
correct time and were, therefore, excluded. The missing
values in the data set were supposed to be at random [29].

Results

One hundred and twelve women were randomized.
In the training group 11 patients were excluded, because

they did not start training or trained less than 1/2 year. In
the control group eight were excluded, since they trained
with intensity equal to or higher than the training group. In
addition, one woman on HRT randomised into the training
group was excluded, due to failure to attend the DXA
measurement at the designated time. The baseline data are
presented in Table 1. The groups were similar in age, body
mass index, smoking status and BMD of the hip. A small
random difference between the groups was observed in the
BMD of the spine.

All women received oral and written information by the
investigator and a signed consent was obtained.

BMD in spine L1–L4

The mean (SD) BMD for the control group was 1.021
g/cm2 (0.107) at baseline and 1.014 g/cm2 (0.108) at
12 months. The mean BMD for the training group was
0.960 g/cm2 (0.077) at baseline and 0.957 g/cm2 (0.077) at

12 months (Fig. 2). Thus, BMD decreased in both groups
during the 12-month study period equalling −0.003 g/cm2

(0.031) (p=0.475) in the training group and −0.007 g/cm2

(0.039) (p=0.247) in the control group. The interaction for
the group*time variables was not significant (repeated
measurement ANOVA, F=0.265, p=0.608) for the BMD
in spine L1–L4.

BMD in total hip

The mean (SD) BMD for the control group was 0.869
g/cm2 (0.080) at baseline and 0.866 g/cm2 (0.083) at
12 months. The mean BMD for the training group was
0.873 g/cm2 (0.071) at baseline and 0.878 g/cm2 (0.073) at
12 months (Fig. 3). The increment in BMD during
12 months in training group was +0.005 g/cm2 (0.018)
(p=0.066) while the control group decreased their BMD
with −0.003 g/cm2 (0.019) (p=0.283). The interaction for
the group*time variables was significant, F=4.33 (p=
0.040) for the BMD in total hip. The mean proportional
change in BMD over time was +0.58% for the training
group and −0.36% for the control group.

Intention to treat analysis

We also carried out an intention-to-treat analysis, including
all 112 randomised subjects in the calculations, to evaluate

Table 1 Baseline data for the control and training groups

Control (N=44) Training (N=48)

Age, years 59.6 (3.6) 58.9 (4.3)
BMI, kg/m2 24.9 (2.3) 24.4 (2.6)
Smokers 2 3
Muscle strength, seconds 18.8 (5.6) 18.7 (4.5)
BMD, spine L1–L4, g/cm2 1.021 (0.107) 0.960 (0.077)
BMD, spine L2–L4, g/cm2 1.049 (0.115) 0.984 (0.079)
BMD, hip total, g/cm2 0.869 (0.080) 0.873 (0.071)
BMD, femoral neck, g/cm2 0.826 (0.085) 0.829 (0.078)
Mean (SD)
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Fig. 2 The patients’ total bone mineral density of the spine, L1–L4,
was measured at baseline and at 12 months as described in material
and methods. There was no significant increase in BMD in the
training group compared to the control group after 12 months when
calculated with repeated measurement ANOVA, p=0.608. Legends:
open circles, control group; filled circles, training group. Vertical bars
denote 95% confidence interval
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the effect of physical training on hip BMD. The mean (SD)
for the control group was 0.875 g/cm2 (0.080) at baseline
and 0.874 g/cm2 (0.083) at 12 months. The mean BMD for
the training group was 0.876 g/cm2 (0.067) at baseline and
0.878 g/cm2 (0.070) at 12 months. The interaction for the
group*time variables was not significant (repeated mea-
surement ANOVA, F=0.732, p=0.394) (data not shown).

Leg muscle performance test

The effects of the prescribed physical activities on leg
muscle strength were assessed by the subjects’ perfor-
mance in the timed-stand test at base line and after one
year (Fig. 4). The control group had a mean time (SD) of
18.8 seconds (5.6) at baseline and 16.8 s (5.1) at 12 months.
The corresponding data for the training group was 18.7
(4.5) and 14.1 (3.5) seconds, respectively. There was a
significant increased performance in the training group
compared to in the control group after 12 months when
calculated with repeated measurement ANOVA, F=9.69
(p=0.003). In post hoc testing, both groups significantly
improved their results in comparison to their baseline
performance after one year (p<0.005 for both group
comparisons). The results were similar in leg performance
when it was evaluated according to the intention-to-treat
protocol. The group*time interaction was significant in the
ANOVA analysis (p=0.003).

Discussion

In the present study a positive effect on total hip BMD after
one year of physical training was observed. Our results
confirm those of predominantly smaller studies [21, 23, 24],
showing a 1% increase in hip BMD after one year of
training. Although an overall treatment effect of 1% over
one year is numerically small, it might have a significant
impact on the number of osteoporotic fractures in a large
population [30]. Also other determinants involved in
fracture risk, such as muscle strength, coordination and
balance, are affected positively by physical training [5]. In
this study the leg muscle performance significantly im-
proved in the training group as measured with the timed-
stands test from a mean for 65-year-olds to a mean of
40-year-olds. This indicates high compliance among the
subjects that continued to train for the duration of the study.

Strain is a measure of bone deformation and generates
the adaptive response to loading [31]. When the skeleton is
subjected to loading, and as a result of that strain over a
certain threshold, it will respond by inducing bone for-
mation. The bone will adapt to these increased demands of
tenacity. After the adaptation to a certain load, this load will
induce a lower level of strain and bone formation will not
be induced by it. This is the mechanism by which physical
training may increase BMD and bone strength [5]. Animal
experiments show that bone cells respond the most to high

Fig. 4 A leg nuscle performance test, the timed stand test was
performed at baseline and after 12 months. There was a significant
increased performance in the training group (fewer seconds) compared
to the control group after 12 months when calculated with repeated
measurement ANOVA, p=0.003. Open circles, control group; filled
circles, training group. Vertical bars denote 95% confidence interval
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Fig. 3 The patients’ total bone mineral density of the hip was
measured at baseline and at 12 months as described in material and
methods. There was a significant increase in BMD in the training
group compared to the control group after 12 months when calculated
with repeated measurement ANOVA, p=0.040. Legends: open circles,
control group; filled circles, training group. Vertical bars denote 95%
confidence interval
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levels of strain from different directions, changing at fast
rates [31].

Several experimental studies have shown that in order to
obtain maximum stimulation of bone formation, training
programs should, in theory, be designed to generate high
levels of strain from unusual directions, changing in fast
rates [31, 32] and also continually increased. Tennis and
squash are examples of sports that may induce this type of
strain. In observational studies, for example, tennis players
have higher bone mineral density than age-matched con-
trols [33]. Training based on weight bearing activities, such
as walking and jogging, have been shown to increase BMD
although to a lesser extent [10, 13, 19, 21]. Endurance
training involving strengthening exercises may also create
the necessary osteogenetic stimuli and has been reported to
increase BMD in studies on postmenopausal women [11,
12, 17, 18, 22, 25]. Unfortunately, invasive in nature,
measurements of strain are very difficult to perform in
humans [5]. Lanyon, however, once showed in one man
that loading creates strain in the human skeleton as well
[34]. The present study included one to two hours of
aerobic training, strength training and three brisk walks
every week. The training program incorporated movements
that could create high strain from unusual directions and the
subjects had the opportunity to choose the intensity and the
magnitude of the exercise. The training was sufficient to
induce a small but significant change in the total hip BMD.

In some studies showing positive effect of physical
activity on BMD, the training programs have consisted of
supervised, pre-decided, progressively increased training
[22, 23]. In this study, we investigated the effects of an
intervention possible to incorporate into daily life. This type
of training should be applicable in a broad population. The
patients in the present study decided their own level of
training and were encouraged to increase their level of
physical activity when possible. The training was not
supervised. Although this may be a limitation of the study,
it reflects the real life situation. Some of the individuals in
the control group started high activity training, and some in
the training group never commenced or ended the training
program prematurely. These were all excluded from the
main per protocol analysis. This reflects the compliance
problems generally observed in physical training studies.
To our knowledge only one previously published rando-
mised study on physical training in postmenopausal women
used the intention-to-treat analysis (ITT) and did not show
any significant effects on BMD. However a significantly
positive effect in bone mineral content of the trochanter
could be observed [17]. In all other published studies per
protocol analysis was used [9–16, 18–26].

One could argue that the results based on physical
training studies have generally been biased by having

excluded the “best” subjects in the control groups and the
“worst” subjects in the training groups. For several reasons
the populations in lifestyle intervention trials are much
more difficult to control than those in pharmaceutical trials.
As the study is not blinded, some of the patients
randomized to controls feel disappointed and, therefore,
have a tendency to administer the active intervention
themselves. As the intervention is demanding, some
patients in the intervention group are not compliant. This
is evident also in other lifestyle interventions, for example
in trials on diet and weight reduction [35]. In a placebo-
controlled drug trial, the dropouts are often similar in both
groups and a self-administration of the intervention in the
placebo group is not possible. In a drug trial one would
probably exclude patients randomized to placebo if they, by
mistake, had received the intervention for the duration of
the study. We, therefore, think that although our per
protocol analysis may induce a positive bias favouring,
the effect of the physical training, the design of lifestyle
interventions generally favour the null hypothesis if ITT
analysis is used. The fact that not all subjects are able to
comply with a training intervention could perhaps be
overcome by selecting the subjects for randomization more
carefully based on their willingness to train. This would,
however, hamper the generalisability of the results and
make the recruitment of subjects even more difficult.

Also other factors in our study may have favoured the
null hypothesis. At this time point we felt obliged to treat
all the subjects with calcium and vitamin D due to a general
recommendation of supplementation in postmenopausal
women with low bone mass. Calcium and vitamin D have
been shown to increase BMD [36] and the supplementation
may have slowed down the bone loss in both groups.

Conclusion

The study indicates a small but significantly positive effect
of aerobic training and walking in combination on total hip
BMD and muscle performance in postmenopausal women
with low bone mass. Our certainty of the results is
hampered by the need for a per protocol analysis in order
to show a significant effect. Larger randomised studies
taking into account the large dropout numbers often seen in
these trials may overcome some methodological problems.
However, even then the general tendency of a fairly large
number of subjects in either group not to comply with the
protocol will have to be addressed properly in order to
ensure good study quality. The informed consent procedure
will have to stress the importance of the subjects’ adherence
to the protocol regardless of the result of the randomization
procedure.

Osteoporos Int



Acknowledgements Friskis och Svettis, Stockholm, AFA Sweden,
Trygg Hansa Sweden, Nycomed Sweden, Center for Gender Medi-
cine; Karolinska Institutet, Stockholm.

References

1. Kanis JA (1993) The incidence of hip fracture in Europe.
Osteoporos Int 3(Suppl 1):10–15

2. Kanis JA, Johnell O, Oden A, Sembo I, Redlund-Johnell I,
Dawson A, De Laet C (2000) Long-term risk of osteoporotic
fracture in Malmo. Osteoporosis Int 11:669–674

3. Kannus P, Neime S, Parkkari J, Palvanen M, Vuori I, Järvinen M
(2006) Nationwide decline in incidence of hip fracture. J Bone
Mineral Res 21:1836–1838

4. Obrant KJ, Begner U, Johnell O, Nilsson BE, Sembo I (1998)
Increasing age-adjusted risk of fragility fractures: a sign of
increasing osteoporosis in successive generations? Calcif Tissue
Int 44:157–162

5. Beck BR, Schaw J, Snow CM (2001) Physical activity and
osteoporosis. In: Marcus R, Feldman D, Kelsey J (eds) Osteopo-
rosis. Academic Press, San Diego, pp 701–717

6. Rubin CT, Judex S, McLeod KJ, Qin YX (2001) Inhibition of
osteopenia by biophysical intervention. In: Marcus R, Feldman D,
Kelsey J (eds) Osteoporosis. Academic Press, San Diego1, pp
489–503

7. Smith EL (2003) Role of physical activity in regulation and
maintenance of bone. In: Favus MJ (ed) Primer on the metabolic
bone disease and disorders of mineral metabolism, fifth edition.
Am Soc Bone Mineral Res, pp 323–326

8. Sinaki M (1995) Musculoskeletal Rehabilitation. In: Riggs L,
Melton LJ (eds) Osteoporosis. Lippincott-Raven, New York, p
435

9. Grove KA, Londeree BR (1992) Bone density in postmenopausal
women: high impact vs low impact exercise. Medicine and
Science in Sports and Exercise :1190–1194

10. Hatori M, Hasegawa A, Adachi H, Shinozaki A, Hayashi R,
Okano H, Mizunuma H, Murata K (1993) The effect of walking at
an anaerobic threshold on vertebral bone loss in postmenopausal
women. Calcif Tissue Int 52:411–414

11. Iwamoto J, Takeda T, Otani T, Yabe Y (1998) Effect of increased
physical activity on bone mineral density in postmenopausal
osteoporotic women. Keio J Med 147:157–161

12. Iwamoto J, Takeda T, Ichimura S (2001) Effect of exercise
training and detraining on bone mineral density in postmenopaus-
al women with osteoporosis. J Orthop Sci 6:128–132

13. Martin D, Notelovitz M (1993) Effects of aerobic training on bone
mineral density of postmenopausal women. JBMR 8:931–936

14. Revel M, Mayoux-Benhamou MA, Rabourdin JP, Bagheri F,
Roux C (1993) One-year psoas training can prevent lumbar bone
loss in postmenopausal women: a randomized controlled trial.
Calcified Tissue 53:307–311

15. Kerr D, Morton M, Dick I, Prince R (1996) Exercise effects on
bone mass in postmenopausal women are site-specific and load-
dependent. J Bone Miner Res 11:218–225

16. Kerr D, Ackland T, Maslen B, Morton A, Prince R (2001)
Resistance training over 2 years increases bone mass in calcium-
replete postmenopausal women. JBMR 16:175

17. Korpelainen R, Keinänen-Kiukaanniemi, Heikkinen J, Väänänen
K, Korpelainen J (2006) Effect of impact exercise on bone mineral
density in elderly women with low bone mineral density: a

population-based randomized controlled 30-month intervention.
Osteoporosis Int 21:1–7

18. Snow CM, Shaw JM, Winters KM, Witzke KA (2000) Long-term
exercise using weighted vest prevents hip bone loss in postmen-
opausal women. J Gerontol 9:489–491

19. Ebrahim S, Thompson PW, Baskaran V, Evans (1997) Random-
ized placebo-controlled trial of brisk walking in the prevention of
postmenopausal osteoporosis. Age and Ageing 26:253–2603

20. Bravo G, Gauthier P, Roy PM, Payette H, Gaulin P, Harvey M,
Pélequin L, Dubois MF (1996) Impact of a 12-month exercise
program on the physical and psychological health of osteopenic
women. JAGS 44:756–762

21. Heinonen A, Oja P, Sievänen H, Pasanen M, Vouri I (1998) Effect
of two training regimens on bone mineral density in healthy
perimenopausal women: a randomized controlled trial. JBMR
13:483–490

22. Kemmler W, Engelke K, Weineck J, Hensen J, Kalender WA
(2003) The Erlangen fitness osteoporosis prevention study: a
controlled exercise trial in early postmenopausal women with low
bone density—first year results. Arch Phys Med Rehabil 84:673–
682

23. Kerr D, Ackland T, Maslen B, Morton A, Prince R (2001)
Resistance training over 2 years increases bone mass in calcium-
replete postmenopausal women. JBMR 16:175

24. Nelson ME, Fiatarone MA, Morganti CM, Trice I, Greenberg RA,
Evans JE (1994) Effects of high-intensity strength training on
multiple risk factors for osteoporotic fractures. JAMA 27
(2):1909–1914

25. Prince R, Devine A, Dick J, Criddle A, Kerr D, Kent N, Price R,
Randell A (1995) The effects of calcium supplementation (milk
powder or tablets) and exercise on bone density in postmeno-
pausal women. JBMR 10:1068–1075

26. Pruitt LA, Jackson RD, Bartels RL, Lehnhard HJ (1992) Weight-
training effects on bone mineral density in early postmenopausal
women. JBMR 7:179–185

27. Krolner B, Toft B, Pors Nielsen S, Tondevold E (1983) Physical
exercise as prophylaxis against involutional vertebral bone loss: a
controlled trial. Clin Sci 64:541–546

28. Csuka M, McCarty DJ (1985) Physical rehabilitation outcome
measures II(PROMII). Book Measure Review Template. Milwau-
kee, Wisconsin, USA

29. Kirk RE (1995) Experimental design: procedures for the behavioral
sciences. Brooks/Cole Publishing Company, Pacific Grove, CA, USA

30. Croonenborg JJ, Kemper HC, Kostense PJ, Twisk JW (1999) The
effect of exercise training programs on bone mass: a meta analysis
of published controlled trials in pre- and postmenopausal women.
Osteoporos Int 9:1–12

31. Ehrlich PJ, Lanyon L (2002) Mechanical strain and bone cell
function: a review. Osteoporosis Int 13:688

32. Skerry TM FRVC (2005) Thesis
33. Haapasalo H, Kannus P, Sievanen H, Pasanen M, Uusi-Rasi K,

Heinonen A, Oja P, Vuori I (1998) Effect of long-term unilateral
activity on bone mineral density of female junior tennis players.
J Bone Miner Res 13:10–19

34. Lanyon LE, Hampson WG, Goodship AE, Shah JS (1975) Bone
deformation recorded in vivo from strain gauges attached to the
human tibial shaft. Acta Orthop Scand 46:256–268

35. Ashley JM, St Jeor ST, Perumean-Chaney S, Schrage J, Bovee V
(2001) Meal replacement in weight intervention. Obes Res
9:3125–3205

36. Cumming RG (1990) Calcium intake and bone mass: a quantita-
tive review of evidence. Calcif Tissue Int 47:194–201

Osteoporos Int


	Physical training preserves bone mineral density in postmenopausal women with forearm fractures and low bone mineral density
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Material and methods
	Patients
	Recruitment procedures and participant flow
	Intervention
	Bone mineral density measurements
	Leg muscle performance test
	Statistical methods and power calculations

	Results
	BMD in spine L1–L4
	BMD in total hip
	Intention to treat analysis
	Leg muscle performance test

	Discussion
	Conclusion
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AardvarkPSMT
    /AceBinghamSH
    /AddisonLibbySH
    /AGaramond-Italic
    /AGaramond-Regular
    /AkbarPlain
    /Albertus-Bold
    /AlbertusExtraBold-Regular
    /AlbertusMedium-Italic
    /AlbertusMedium-Regular
    /AlfonsoWhiteheadSH
    /Algerian
    /AllegroBT-Regular
    /AmarilloUSAF
    /AmazoneBT-Regular
    /AmeliaBT-Regular
    /AmerigoBT-BoldA
    /AmerTypewriterITCbyBT-Medium
    /AndaleMono
    /AndyMacarthurSH
    /Animals
    /AnneBoleynSH
    /Annifont
    /AntiqueOlive-Bold
    /AntiqueOliveCompact-Regular
    /AntiqueOlive-Italic
    /AntiqueOlive-Regular
    /AntonioMountbattenSH
    /ArabiaPSMT
    /AradLevelVI
    /ArchitecturePlain
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMTBlack-Regular
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeLight
    /ArialUnicodeLight-Bold
    /ArialUnicodeLight-BoldItalic
    /ArialUnicodeLight-Italic
    /ArrowsAPlentySH
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /Asiana
    /AssadSadatSH
    /AvalonPSMT
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /AvantGardeITCbyBT-Demi
    /AvantGardeITCbyBT-DemiOblique
    /AvantGardeITCbyBT-Medium
    /AvantGardeITCbyBT-MediumOblique
    /BankGothicBT-Light
    /BankGothicBT-Medium
    /Baskerville-Bold
    /Baskerville-Normal
    /Baskerville-Normal-Italic
    /BaskOldFace
    /Bauhaus93
    /Bavand
    /BazookaRegular
    /BeauTerrySH
    /BECROSS
    /BedrockPlain
    /BeeskneesITC
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BenguiatITCbyBT-Bold
    /BenguiatITCbyBT-BoldItalic
    /BenguiatITCbyBT-Book
    /BenguiatITCbyBT-BookItalic
    /BennieGoetheSH
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardBoldCondensedBT-Regular
    /BernhardFashionBT-Regular
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /Bethel
    /BibiGodivaSH
    /BibiNehruSH
    /BKenwood-Regular
    /BlackadderITC-Regular
    /BlondieBurtonSH
    /BodoniBlack-Regular
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /BodoniBT-Bold
    /BodoniBT-BoldItalic
    /BodoniBT-Italic
    /BodoniBT-Roman
    /Bodoni-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Regular
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolFive
    /BookshelfSymbolFour
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /BookwomanDemiItalicSH
    /BookwomanDemiSH
    /BookwomanExptLightSH
    /BookwomanLightItalicSH
    /BookwomanLightSH
    /BookwomanMonoLightSH
    /BookwomanSwashDemiSH
    /BookwomanSwashLightSH
    /BoulderRegular
    /BradleyHandITC
    /Braggadocio
    /BrailleSH
    /BRectangular
    /BremenBT-Bold
    /BritannicBold
    /Broadview
    /Broadway
    /BroadwayBT-Regular
    /BRubber
    /Brush445BT-Regular
    /BrushScriptMT
    /BSorbonna
    /BStranger
    /BTriumph
    /BuckyMerlinSH
    /BusoramaITCbyBT-Medium
    /Caesar
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-Italic
    /CalligrapherRegular
    /CameronStendahlSH
    /Candy
    /CandyCaneUnregistered
    /CankerSore
    /CarlTellerSH
    /CarrieCattSH
    /CaslonOpenfaceBT-Regular
    /CassTaylorSH
    /CDOT
    /Centaur
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturyOldStyle-BoldItalic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Cezanne
    /CGOmega-Bold
    /CGOmega-BoldItalic
    /CGOmega-Italic
    /CGOmega-Regular
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /Charting
    /ChartreuseParsonsSH
    /ChaseCallasSH
    /ChasThirdSH
    /ChaucerRegular
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /ChildBonaparteSH
    /Chiller-Regular
    /ChuckWarrenChiselSH
    /ChuckWarrenDesignSH
    /CityBlueprint
    /Clarendon-Bold
    /Clarendon-Book
    /ClarendonCondensedBold
    /ClarendonCondensed-Bold
    /ClarendonExtended-Bold
    /ClassicalGaramondBT-Bold
    /ClassicalGaramondBT-BoldItalic
    /ClassicalGaramondBT-Italic
    /ClassicalGaramondBT-Roman
    /ClaudeCaesarSH
    /CLI
    /Clocks
    /ClosetoMe
    /CluKennedySH
    /CMBX10
    /CMBX5
    /CMBX7
    /CMEX10
    /CMMI10
    /CMMI5
    /CMMI7
    /CMMIB10
    /CMR10
    /CMR5
    /CMR7
    /CMSL10
    /CMSY10
    /CMSY5
    /CMSY7
    /CMTI10
    /CMTT10
    /CoffeeCamusInitialsSH
    /ColetteColeridgeSH
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CommercialPiBT-Regular
    /CommercialScriptBT-Regular
    /Complex
    /CooperBlack
    /CooperBT-BlackHeadline
    /CooperBT-BlackItalic
    /CooperBT-Bold
    /CooperBT-BoldItalic
    /CooperBT-Medium
    /CooperBT-MediumItalic
    /CooperPlanck2LightSH
    /CooperPlanck4SH
    /CooperPlanck6BoldSH
    /CopperplateGothicBT-Bold
    /CopperplateGothicBT-Roman
    /CopperplateGothicBT-RomanCond
    /CopticLS
    /Cornerstone
    /Coronet
    /CoronetItalic
    /Cotillion
    /CountryBlueprint
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CSSubscript
    /CSSubscriptBold
    /CSSubscriptItalic
    /CSSuperscript
    /CSSuperscriptBold
    /Cuckoo
    /CurlzMT
    /CybilListzSH
    /CzarBold
    /CzarBoldItalic
    /CzarItalic
    /CzarNormal
    /DauphinPlain
    /DawnCastleBold
    /DawnCastlePlain
    /Dekker
    /DellaRobbiaBT-Bold
    /DellaRobbiaBT-Roman
    /Denmark
    /Desdemona
    /Diploma
    /DizzyDomingoSH
    /DizzyFeiningerSH
    /DocTermanBoldSH
    /DodgenburnA
    /DodoCasalsSH
    /DodoDiogenesSH
    /DomCasualBT-Regular
    /Durian-Republik
    /Dutch801BT-Bold
    /Dutch801BT-BoldItalic
    /Dutch801BT-ExtraBold
    /Dutch801BT-Italic
    /Dutch801BT-Roman
    /EBT's-cmbx10
    /EBT's-cmex10
    /EBT's-cmmi10
    /EBT's-cmmi5
    /EBT's-cmmi7
    /EBT's-cmr10
    /EBT's-cmr5
    /EBT's-cmr7
    /EBT's-cmsy10
    /EBT's-cmsy5
    /EBT's-cmsy7
    /EdithDaySH
    /Elephant-Italic
    /Elephant-Regular
    /EmGravesSH
    /EngelEinsteinSH
    /English111VivaceBT-Regular
    /English157BT-Regular
    /EngraversGothicBT-Regular
    /EngraversOldEnglishBT-Bold
    /EngraversOldEnglishBT-Regular
    /EngraversRomanBT-Bold
    /EngraversRomanBT-Regular
    /EnviroD
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErasITC-Ultra
    /ErnestBlochSH
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EuroRoman
    /EuroRomanOblique
    /ExxPresleySH
    /FencesPlain
    /Fences-Regular
    /FifthAvenue
    /FigurineCrrCB
    /FigurineCrrCBBold
    /FigurineCrrCBBoldItalic
    /FigurineCrrCBItalic
    /FigurineTmsCB
    /FigurineTmsCBBold
    /FigurineTmsCBBoldItalic
    /FigurineTmsCBItalic
    /FillmoreRegular
    /Fitzgerald
    /Flareserif821BT-Roman
    /FleurFordSH
    /Fontdinerdotcom
    /FontdinerdotcomSparkly
    /FootlightMTLight
    /ForefrontBookObliqueSH
    /ForefrontBookSH
    /ForefrontDemiObliqueSH
    /ForefrontDemiSH
    /Fortress
    /FractionsAPlentySH
    /FrakturPlain
    /Franciscan
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /FranklinUnic
    /FredFlahertySH
    /Freehand575BT-RegularB
    /Freehand591BT-RegularA
    /FreestyleScript-Regular
    /Frutiger-Roman
    /FTPMultinational
    /FTPMultinational-Bold
    /FujiyamaPSMT
    /FuturaBlackBT-Regular
    /FuturaBT-Bold
    /FuturaBT-BoldCondensed
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-ExtraBlackCondensed
    /FuturaBT-ExtraBlackCondItalic
    /FuturaBT-ExtraBlackItalic
    /FuturaBT-Light
    /FuturaBT-LightItalic
    /FuturaBT-Medium
    /FuturaBT-MediumCondensed
    /FuturaBT-MediumItalic
    /GabbyGauguinSH
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Antiqua
    /Garamond-Bold
    /Garamond-Halbfett
    /Garamond-Italic
    /Garamond-Kursiv
    /Garamond-KursivHalbfett
    /Garcia
    /GarryMondrian3LightItalicSH
    /GarryMondrian3LightSH
    /GarryMondrian4BookItalicSH
    /GarryMondrian4BookSH
    /GarryMondrian5SBldItalicSH
    /GarryMondrian5SBldSH
    /GarryMondrian6BoldItalicSH
    /GarryMondrian6BoldSH
    /GarryMondrian7ExtraBoldSH
    /GarryMondrian8UltraSH
    /GarryMondrianCond3LightSH
    /GarryMondrianCond4BookSH
    /GarryMondrianCond5SBldSH
    /GarryMondrianCond6BoldSH
    /GarryMondrianCond7ExtraBoldSH
    /GarryMondrianCond8UltraSH
    /GarryMondrianExpt3LightSH
    /GarryMondrianExpt4BookSH
    /GarryMondrianExpt5SBldSH
    /GarryMondrianExpt6BoldSH
    /GarryMondrianSwashSH
    /Gaslight
    /GatineauPSMT
    /Gautami
    /GDT
    /Geometric231BT-BoldC
    /Geometric231BT-LightC
    /Geometric231BT-RomanC
    /GeometricSlab703BT-Bold
    /GeometricSlab703BT-BoldCond
    /GeometricSlab703BT-BoldItalic
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /GeometricSlab703BT-Medium
    /GeometricSlab703BT-MediumCond
    /GeometricSlab703BT-MediumItalic
    /GeometricSlab703BT-XtraBold
    /GeorgeMelvilleSH
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansBC
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSansCondensed-Bold
    /GillSansCondensed-Regular
    /GillSansExtraBold-Regular
    /GillSans-Italic
    /GillSansLight-Italic
    /GillSansLight-Regular
    /GillSans-Regular
    /GoldMinePlain
    /Gonzo
    /GothicE
    /GothicG
    /GothicI
    /GoudyHandtooledBT-Regular
    /GoudyOldStyle-Bold
    /GoudyOldStyle-BoldItalic
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleExtrabold-Regular
    /GoudyOldStyle-Italic
    /GoudyOldStyle-Regular
    /GoudySansITCbyBT-Bold
    /GoudySansITCbyBT-BoldItalic
    /GoudySansITCbyBT-Medium
    /GoudySansITCbyBT-MediumItalic
    /GraceAdonisSH
    /Graeca
    /Graeca-Bold
    /Graeca-BoldItalic
    /Graeca-Italic
    /Graphos-Bold
    /Graphos-BoldItalic
    /Graphos-Italic
    /Graphos-Regular
    /GreekC
    /GreekS
    /GreekSans
    /GreekSans-Bold
    /GreekSans-BoldOblique
    /GreekSans-Oblique
    /Griffin
    /GrungeUpdate
    /Haettenschweiler
    /HankKhrushchevSH
    /HarlowSolid
    /HarpoonPlain
    /Harrington
    /HeatherRegular
    /Hebraica
    /HeleneHissBlackSH
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HenryPatrickSH
    /Herald
    /HighTowerText-Italic
    /HighTowerText-Reg
    /HogBold-HMK
    /HogBook-HMK
    /HomePlanning
    /HomePlanning2
    /HomewardBoundPSMT
    /Humanist521BT-Bold
    /Humanist521BT-BoldCondensed
    /Humanist521BT-BoldItalic
    /Humanist521BT-Italic
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-Roman
    /Humanist521BT-RomanCondensed
    /IBMPCDOS
    /IceAgeD
    /Impact
    /Incised901BT-Bold
    /Incised901BT-Light
    /Incised901BT-Roman
    /Industrial736BT-Italic
    /Informal011BT-Roman
    /InformalRoman-Regular
    /Intrepid
    /IntrepidBold
    /IntrepidOblique
    /Invitation
    /IPAExtras
    /IPAExtras-Bold
    /IPAHighLow
    /IPAHighLow-Bold
    /IPAKiel
    /IPAKiel-Bold
    /IPAKielSeven
    /IPAKielSeven-Bold
    /IPAsans
    /ISOCP
    /ISOCP2
    /ISOCP3
    /ISOCT
    /ISOCT2
    /ISOCT3
    /Italic
    /ItalicC
    /ItalicT
    /JesterRegular
    /Jokerman-Regular
    /JotMedium-HMK
    /JuiceITC-Regular
    /JupiterPSMT
    /KabelITCbyBT-Book
    /KabelITCbyBT-Ultra
    /KarlaJohnson5CursiveSH
    /KarlaJohnson5RegularSH
    /KarlaJohnson6BoldCursiveSH
    /KarlaJohnson6BoldSH
    /KarlaJohnson7ExtraBoldCursiveSH
    /KarlaJohnson7ExtraBoldSH
    /KarlKhayyamSH
    /Karnack
    /Kartika
    /Kashmir
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KeplerStd-Black
    /KeplerStd-BlackIt
    /KeplerStd-Bold
    /KeplerStd-BoldIt
    /KeplerStd-Italic
    /KeplerStd-Light
    /KeplerStd-LightIt
    /KeplerStd-Medium
    /KeplerStd-MediumIt
    /KeplerStd-Regular
    /KeplerStd-Semibold
    /KeplerStd-SemiboldIt
    /KeystrokeNormal
    /Kidnap
    /KidsPlain
    /Kindergarten
    /KinoMT
    /KissMeKissMeKissMe
    /KoalaPSMT
    /KorinnaITCbyBT-Bold
    /KorinnaITCbyBT-KursivBold
    /KorinnaITCbyBT-KursivRegular
    /KorinnaITCbyBT-Regular
    /KristenITC-Regular
    /Kristin
    /KunstlerScript
    /KyotoSong
    /LainieDaySH
    /LandscapePlanning
    /Lapidary333BT-Bold
    /Lapidary333BT-BoldItalic
    /Lapidary333BT-Italic
    /Lapidary333BT-Roman
    /Latha
    /LatinoPal3LightItalicSH
    /LatinoPal3LightSH
    /LatinoPal4ItalicSH
    /LatinoPal4RomanSH
    /LatinoPal5DemiItalicSH
    /LatinoPal5DemiSH
    /LatinoPal6BoldItalicSH
    /LatinoPal6BoldSH
    /LatinoPal7ExtraBoldSH
    /LatinoPal8BlackSH
    /LatinoPalCond4RomanSH
    /LatinoPalCond5DemiSH
    /LatinoPalCond6BoldSH
    /LatinoPalExptRomanSH
    /LatinoPalSwashSH
    /LatinWidD
    /LatinWide
    /LeeToscanini3LightSH
    /LeeToscanini5RegularSH
    /LeeToscanini7BoldSH
    /LeeToscanini9BlackSH
    /LeeToscaniniInlineSH
    /LetterGothic12PitchBT-Bold
    /LetterGothic12PitchBT-BoldItal
    /LetterGothic12PitchBT-Italic
    /LetterGothic12PitchBT-Roman
    /LetterGothic-Bold
    /LetterGothic-BoldItalic
    /LetterGothic-Italic
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Regular
    /LibrarianRegular
    /LinusPSMT
    /Lithograph-Bold
    /LithographLight
    /LongIsland
    /LubalinGraphMdITCTT
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSansUnicode
    /LydianCursiveBT-Regular
    /Magneto-Bold
    /Mangal-Regular
    /Map-Symbols
    /MarcusHobbesSH
    /Mariah
    /Marigold
    /MaritaMedium-HMK
    /MaritaScript-HMK
    /Market
    /MartinMaxxieSH
    /MathTypeMed
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /MaudeMeadSH
    /MemorandumPSMT
    /Metro
    /Metrostyle-Bold
    /MetrostyleExtended-Bold
    /MetrostyleExtended-Regular
    /Metrostyle-Regular
    /MicrogrammaD-BoldExte
    /MicrosoftSansSerif
    /MikePicassoSH
    /MiniPicsLilEdibles
    /MiniPicsLilFolks
    /MiniPicsLilStuff
    /MischstabPopanz
    /MisterEarlBT-Regular
    /Mistral
    /ModerneDemi
    /ModerneDemiOblique
    /ModerneOblique
    /ModerneRegular
    /Modern-Regular
    /MonaLisaRecutITC-Normal
    /Monospace821BT-Bold
    /Monospace821BT-BoldItalic
    /Monospace821BT-Italic
    /Monospace821BT-Roman
    /Monotxt
    /MonotypeCorsiva
    /MonotypeSorts
    /MorrisonMedium
    /MorseCode
    /MotorPSMT
    /MSAM10
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MSReference1
    /MSReference2
    /MTEX
    /MTEXB
    /MTEXH
    /MT-Extra
    /MTGU
    /MTGUB
    /MTLS
    /MTLSB
    /MTMI
    /MTMIB
    /MTMIH
    /MTMS
    /MTMSB
    /MTMUB
    /MTMUH
    /MTSY
    /MTSYB
    /MTSYH
    /MT-Symbol
    /MTSYN
    /Music
    /MVBoli
    /MysticalPSMT
    /NagHammadiLS
    /NealCurieRuledSH
    /NealCurieSH
    /NebraskaPSMT
    /Neuropol-Medium
    /NevisonCasD
    /NewMilleniumSchlbkBoldItalicSH
    /NewMilleniumSchlbkBoldSH
    /NewMilleniumSchlbkExptSH
    /NewMilleniumSchlbkItalicSH
    /NewMilleniumSchlbkRomanSH
    /News702BT-Bold
    /News702BT-Italic
    /News702BT-Roman
    /Newton
    /NewZuricaBold
    /NewZuricaItalic
    /NewZuricaRegular
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NigelSadeSH
    /Nirvana
    /NuptialBT-Regular
    /OCRAbyBT-Regular
    /OfficePlanning
    /OldCentury
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OpenSymbol
    /OttawaPSMT
    /OttoMasonSH
    /OzHandicraftBT-Roman
    /OzzieBlack-Italic
    /OzzieBlack-Regular
    /PalatiaBold
    /PalatiaItalic
    /PalatiaRegular
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /PalmSpringsPSMT
    /Pamela
    /PanRoman
    /ParadisePSMT
    /ParagonPSMT
    /ParamountBold
    /ParamountItalic
    /ParamountRegular
    /Parchment-Regular
    /ParisianBT-Regular
    /ParkAvenueBT-Regular
    /Patrick
    /Patriot
    /PaulPutnamSH
    /PcEncodingLowerSH
    /PcEncodingSH
    /Pegasus
    /PenguinLightPSMT
    /PennSilvaSH
    /Percival
    /PerfectRegular
    /Pfn2BlackItalic
    /Phantom
    /PhilSimmonsSH
    /Pickwick
    /PipelinePlain
    /Playbill
    /PoorRichard-Regular
    /Poster
    /PosterBodoniBT-Italic
    /PosterBodoniBT-Roman
    /Pristina-Regular
    /Proxy1
    /Proxy2
    /Proxy3
    /Proxy4
    /Proxy5
    /Proxy6
    /Proxy7
    /Proxy8
    /Proxy9
    /Prx1
    /Prx2
    /Prx3
    /Prx4
    /Prx5
    /Prx6
    /Prx7
    /Prx8
    /Prx9
    /Pythagoras
    /Raavi
    /Ranegund
    /Ravie
    /Ribbon131BT-Bold
    /RMTMI
    /RMTMIB
    /RMTMIH
    /RMTMUB
    /RMTMUH
    /RobWebsterExtraBoldSH
    /Rockwell
    /Rockwell-Bold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /RomanC
    /RomanD
    /RomanS
    /RomanT
    /Romantic
    /RomanticBold
    /RomanticItalic
    /Sahara
    /SalTintorettoSH
    /SamBarberInitialsSH
    /SamPlimsollSH
    /SansSerif
    /SansSerifBold
    /SansSerifBoldOblique
    /SansSerifOblique
    /Sceptre
    /ScribbleRegular
    /ScriptC
    /ScriptHebrew
    /ScriptS
    /Semaphore
    /SerifaBT-Black
    /SerifaBT-Bold
    /SerifaBT-Italic
    /SerifaBT-Roman
    /SerifaBT-Thin
    /Sfn2Bold
    /Sfn3Italic
    /ShelleyAllegroBT-Regular
    /ShelleyVolanteBT-Regular
    /ShellyMarisSH
    /SherwoodRegular
    /ShlomoAleichemSH
    /ShotgunBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SignatureRegular
    /Signboard
    /SignetRoundhandATT-Italic
    /SignetRoundhand-Italic
    /SignLanguage
    /Signs
    /Simplex
    /SissyRomeoSH
    /SlimStravinskySH
    /SnapITC-Regular
    /SnellBT-Bold
    /Socket
    /Sonate
    /SouvenirITCbyBT-Demi
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /SpruceByingtonSH
    /SPSFont1Medium
    /SPSFont2Medium
    /SPSFont3Medium
    /SpsFont4Medium
    /SPSFont4Medium
    /SPSFont5Normal
    /SPSScript
    /SRegular
    /Staccato222BT-Regular
    /StageCoachRegular
    /StandoutRegular
    /StarTrekNextBT-ExtraBold
    /StarTrekNextPiBT-Regular
    /SteamerRegular
    /Stencil
    /StencilBT-Regular
    /Stewardson
    /Stonehenge
    /StopD
    /Storybook
    /Strict
    /Strider-Regular
    /StuyvesantBT-Regular
    /StylusBT
    /StylusRegular
    /SubwayRegular
    /SueVermeer4LightItalicSH
    /SueVermeer4LightSH
    /SueVermeer5MedItalicSH
    /SueVermeer5MediumSH
    /SueVermeer6DemiItalicSH
    /SueVermeer6DemiSH
    /SueVermeer7BoldItalicSH
    /SueVermeer7BoldSH
    /SunYatsenSH
    /SuperFrench
    /SuzanneQuillSH
    /Swiss721-BlackObliqueSWA
    /Swiss721-BlackSWA
    /Swiss721BT-Black
    /Swiss721BT-BlackCondensed
    /Swiss721BT-BlackCondensedItalic
    /Swiss721BT-BlackExtended
    /Swiss721BT-BlackItalic
    /Swiss721BT-BlackOutline
    /Swiss721BT-Bold
    /Swiss721BT-BoldCondensed
    /Swiss721BT-BoldCondensedItalic
    /Swiss721BT-BoldCondensedOutline
    /Swiss721BT-BoldExtended
    /Swiss721BT-BoldItalic
    /Swiss721BT-BoldOutline
    /Swiss721BT-Italic
    /Swiss721BT-ItalicCondensed
    /Swiss721BT-Light
    /Swiss721BT-LightCondensed
    /Swiss721BT-LightCondensedItalic
    /Swiss721BT-LightExtended
    /Swiss721BT-LightItalic
    /Swiss721BT-Roman
    /Swiss721BT-RomanCondensed
    /Swiss721BT-RomanExtended
    /Swiss721BT-Thin
    /Swiss721-LightObliqueSWA
    /Swiss721-LightSWA
    /Swiss911BT-ExtraCompressed
    /Swiss921BT-RegularA
    /Syastro
    /Sylfaen
    /Symap
    /Symath
    /SymbolGreek
    /SymbolGreek-Bold
    /SymbolGreek-BoldItalic
    /SymbolGreek-Italic
    /SymbolGreekP
    /SymbolGreekP-Bold
    /SymbolGreekP-BoldItalic
    /SymbolGreekP-Italic
    /SymbolGreekPMono
    /SymbolMT
    /SymbolProportionalBT-Regular
    /SymbolsAPlentySH
    /Symeteo
    /Symusic
    /Tahoma
    /Tahoma-Bold
    /TahomaItalic
    /TamFlanahanSH
    /Technic
    /TechnicalItalic
    /TechnicalPlain
    /TechnicBold
    /TechnicLite
    /Tekton-Bold
    /Teletype
    /TempsExptBoldSH
    /TempsExptItalicSH
    /TempsExptRomanSH
    /TempsSwashSH
    /TempusSansITC
    /TessHoustonSH
    /TexCatlinObliqueSH
    /TexCatlinSH
    /Thrust
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldOblique
    /Times-ExtraBold
    /Times-Italic
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Oblique
    /Times-Roman
    /Times-Semibold
    /Times-SemiboldItalic
    /TimesUnic-Bold
    /TimesUnic-BoldItalic
    /TimesUnic-Italic
    /TimesUnic-Regular
    /TonyWhiteSH
    /TransCyrillic
    /TransCyrillic-Bold
    /TransCyrillic-BoldItalic
    /TransCyrillic-Italic
    /Transistor
    /Transitional521BT-BoldA
    /Transitional521BT-CursiveA
    /Transitional521BT-RomanA
    /TranslitLS
    /TranslitLS-Bold
    /TranslitLS-BoldItalic
    /TranslitLS-Italic
    /TransRoman
    /TransRoman-Bold
    /TransRoman-BoldItalic
    /TransRoman-Italic
    /TransSlavic
    /TransSlavic-Bold
    /TransSlavic-BoldItalic
    /TransSlavic-Italic
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /TribuneBold
    /TribuneItalic
    /TribuneRegular
    /Tristan
    /TrotsLight-HMK
    /TrotsMedium-HMK
    /TubularRegular
    /Tunga-Regular
    /Txt
    /TypoUprightBT-Regular
    /UmbraBT-Regular
    /UmbrellaPSMT
    /UncialLS
    /Unicorn
    /UnicornPSMT
    /Univers
    /UniversalMath1BT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Italic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-CondensedOblique
    /UniversExtended-Bold
    /UniversExtended-BoldItalic
    /UniversExtended-Medium
    /UniversExtended-MediumItalic
    /Univers-Italic
    /UniversityRomanBT-Regular
    /UniversLightCondensed-Italic
    /UniversLightCondensed-Regular
    /Univers-Medium
    /Univers-MediumItalic
    /URWWoodTypD
    /USABlackPSMT
    /USALightPSMT
    /Vagabond
    /Venetian301BT-Demi
    /Venetian301BT-DemiItalic
    /Venetian301BT-Italic
    /Venetian301BT-Roman
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /VinetaBT-Regular
    /Vivaldii
    /VladimirScript
    /VoguePSMT
    /Vrinda
    /WaldoIconsNormalA
    /WaltHarringtonSH
    /Webdings
    /Weiland
    /WesHollidaySH
    /Wingdings-Regular
    /WP-HebrewDavid
    /XavierPlatoSH
    /YuriKaySH
    /ZapfChanceryITCbyBT-Bold
    /ZapfChanceryITCbyBT-Medium
    /ZapfDingbatsITCbyBT-Regular
    /ZapfElliptical711BT-Bold
    /ZapfElliptical711BT-BoldItalic
    /ZapfElliptical711BT-Italic
    /ZapfElliptical711BT-Roman
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZappedChancellorMedItalicSH
    /ZurichBT-BlackExtended
    /ZurichBT-Bold
    /ZurichBT-BoldCondensed
    /ZurichBT-BoldCondensedItalic
    /ZurichBT-BoldItalic
    /ZurichBT-ExtraCondensed
    /ZurichBT-Italic
    /ZurichBT-ItalicCondensed
    /ZurichBT-Light
    /ZurichBT-LightCondensed
    /ZurichBT-Roman
    /ZurichBT-RomanCondensed
    /ZurichBT-RomanExtended
    /ZurichBT-UltraBlackExtended
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


