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Purpose: To compare the effects of resistance training versus passive physical therapy on bone density in
the metastatic bone during radiation therapy (RT) as combined treatment in patients with spinal bone
metastases. Secondly, to quantify pathological fractures after combined treatment.
Material and methods: In this randomized trial, 60 patients were allocated from September 2011 until
March 2013 into one of the two groups: resistance training (group A) or passive physical therapy (group
B) with thirty patients in each group during RT. Bone density in metastatic and non-metastatic vertebral
bone was assessed at baseline, 3 and 6 months after RT.
Results: Bone density in all metastases increased significantly by 28.3% (IQR 11.4–139.0) and 80.3% (IQR
32.6–250.6) after 3 and 6 months in group A (both p < 0.01). The bone density in group A was significantly
increased compared to control group after 3 and 6 months (both p < 0.01, median 59.7; IQR 21.1–98.3 and
median 62.9; IQR �9.7 to 161.7). The bone density data in group B showed no significant increase over
the course of time (p = 0.289, median 5.5, IQR 0.0–62.2 and p = 0.057, median 52.1, IQR 0.0–162.7).
23.3% of the patients in group A and 30.0% of the patients in group B had pathological fractures, no frac-
ture was assigned to intervention, and no difference between groups after 3 and 6 months was observed
(p = 0.592 and p = 0.604).
Conclusions: Our trial demonstrated that resistance training concomitant to RT can improve bone density
in spinal bone metastases. This combined treatment is effective, practicable, and without side effects for
patients. Importantly, the pathological fracture rate in the intervention group was not increased. The
results offer a rationale for future large controlled investigations to confirm these findings.
Trial registration: Clinical trial identifier NCT01409720.

� 2014 Elsevier Ireland Ltd. All rights reserved. Radiotherapy and Oncology xxx (2014) xxx–xxx
Spinal bone metastases represent the most frequent site of skel-
etal metastasis [1], and two-thirds of all tumor patients are esti-
mated to develop bone metastases in the course of their disease
[2]. Bone metastases are a major clinical concern due to severe
pain, pathological fractures, spinal cord compression, hypercalce-
mia with a significant decrease of quality of life of the patients
[3,4]. Radiotherapy (RT) is the most common treatment option of
bone metastases in an advanced tumor disease [5,6]. Other thera-
peutic methods in addition to RT involve systemic therapy, bis-
phosphonates, and minimal invasive surgery [7]. For these
clinical concerns, local control, and re-ossification of former osteo-
lytic lesions are an important clinical challenge and represent a
goal of any therapy aiming to manage bone metastases. Several
prospective studies have suggested that the current delivery of
external beam radiotherapy (EBRT) and bisphosphonates success-
fully promotes re-ossification of the damaged bone, with an
acceptable risk of toxicity [8–10]. It is well established that the
skeleton benefits from resistance training, and the results of sev-
eral studies showed compelling data that strength training has
the potential to improve bone quality [11–13] and to decrease frac-
ture risk [14,15]. Based on assumptions of increased pathological
fracture risk, exercise-related interventions have until now been
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2 Resistance training during radiotherapy
avoided in patients with spinal bone metastases, and the literature
does not describe any therapeutic measures involving resistance
training in these patients. However, in our recent work, we showed
the feasibility of resistance training in patients with spinal bone
metastases under RT [16]. Through the limited mobility of these
patients with usually painful bone metastases, and increased risk
of fracture, heavy loaded resistance training is not feasible and a
simple resistance training protocol involving exercises without
external loading is employed in the present study.

The aim of this randomized trial was to compare the effects of
resistance training versus passive physical therapy on bone density
in the metastatic bone during radiation therapy in patients with
spinal bone metastases. Secondary endpoint was to quantify path-
ological fractures after combined treatment. We hypothesized that
resistance training would increase bone density and improve re-
calcification of metastasis.
Fig. 1. Example for manual ROI setting in metastasis on Syngo CT workplace.
(a) Metastasis at baseline. (b) Metastasis after 3 months.
Materials and methods

Settings and patients

This is a randomized, controlled, two-armed intervention trial.
A block randomization approach with block size 6 was used to
ensure that the two groups were balanced. Inclusion criteria were
an age of 18–80 years, a Karnofsky performance score [17] P70,
written consent to participate, and already initiated bisphospho-
nate therapy. The patients were subjected to a staging of their ver-
tebral column within the context of the computed tomography
(CT) designed to plan the radiation schedule prior to enrollment
into the trial. Computed tomography scanning gives superb osse-
ous delineation and enables detection of cortical and spongiosus
destruction [18]. In this examination metastases were classified
as ‘‘stable’’ or ‘‘unstable’’. This was diagnosed independently by a
specialist for radiology as well as by a specialist for orthopedic sur-
gery. The specifications for an unstable vertebral body were tumor
occupancy more than 60% of the vertebral body, and pedicle
destruction [19]. Only a metastasis classified by both specialists
as ‘‘stable’’ was suggested eligible for inclusion. Patients with sig-
nificant neurological or psychiatric disorders were excluded. After
the baseline measurements, the patients with stable bone metasta-
ses were assigned to the respective treatment groups on a 1:1 basis
according to the randomization list. Group A (intervention group,
resistance training) and in group B (control group, passive physical
therapy) each consisted of 30 patients. The study was approved by
the Heidelberg Ethics Committee (Nr. S-316/2011).
Assessment of primary and secondary endpoints

The primary endpoint was to compare bone density in the
involved metastatic bone during radiation therapy between groups
at the start of radiotherapy (t0), after 12 weeks (t2), and after
6 months (t3). Bone density in the area of metastasis was assessed
in Hounsfield units at the Syngo� Osteo CT workplace due to man-
ual region of interest (ROI) setting (Fig. 1). Only one irradiated
metastasis per patient with the greatest size was selected and
assessed from the same study physician. For all patients a CT-scan
was acquired using a Siemens Somatom Sensation open (Siemens,
Erlangen, Germany).

All patients were treated additionally with bisphosphonates,
which represents a major bias for the assessment of treatment
response in the metastasis. Therefore, a bone density measurement
of uninvolved vertebral bodies was executed to detect the increase
by a systemic treatment. The target parameters comprise the mea-
surement of bone density in the uninvolved bone (L1–L3). If the
metastasis was localized between L1 and L3, the measurement
was conducted in an uninvolved vertebral body. Bone density of
Please cite this article in press as: Rief H et al. The effect of resistance training
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the lumbar spine (L1–L3) was assessed by quantitative computed
tomography (QCT, Syngo� Osteo CT). For quality assurance we
made test–retest scans on a solid state phantom weekly, the exam-
inations were conducted at the same CT-scanner for all patients.
Secondary endpoint was to quantify pathological fractures. Pres-
ence of pathological fracture was assessed at baseline, 3 and
6 months after combined treatment by computed tomography.
The patient-specific data was documented.
Radiotherapy

Radiotherapy was performed in the Radiooncology Department
of the Heidelberg University Clinic. After virtual simulation was
performed to plan the radiation schedule, radiotherapy was carried
out over a dorsal photon field of the 6MV energy range. Primary tar-
get volume (PTV) covered the specific vertebral body affected as
well as the ones immediately above and below. In group A, 24
patients (80%) were treated with 10 � 3 Gy, three patients (10%)
with 14 � 2.5 Gy, and three patients (10%) with 20 � 2 Gy. In group
B the dose fractions for 28 patients (93.3%) were 10 � 3 Gy, for one
patient (3.3%) 14 � 2.5 Gy, and for one patient (3.3%) 20 � 2 Gy. The
median individual dose in all patients was 3 Gy (range 2–3 Gy), the
median total dose 30 Gy (range 20–35 Gy). The individual and total
doses were decided separately for each individual patient, depend-
ing on the histology, the patient’s general state of health, and on the
current staging and the corresponding prognosis.
Exercise interventions

The interventions commenced on the same day as radiotherapy
and were performed on each day of RT treatment (Monday through
Friday) over a 2-week period, independent of the number of frac-
tions. During the 2-week RT period, the patients in the resistance
training group (group A) performed the exercises under the guid-
during radiotherapy on spinal bone metastases in cancer patients – A ran-
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ance of a physiotherapist. The patients were then instructed to per-
form all trainings in their homes three times per week until the
endpoint assessment after 6 months. Self-reported training adher-
ence was registered in a training diary. The resistance training
lasted approx. 30 min, the passive physical therapy (group B)
approx. 15 min. Since the site of the bone metastases differed from
patient to patient, three different exercises were enacted to ensure
an even resistance training of the muscles along the entire verte-
bral column.

1. Exercise in the ‘‘all-fours’’ position:
In starting position hands and knees were positioned verti-
cally under the shoulders and hips, and flatten the back to
maintain a ‘‘neutral spine’’ position. Next, the right arm
was extended in front of the body, and was held for a count
of a few seconds, so that a concentric contraction followed
by a few seconds of isometric contraction before lowering
the limb again. The exercise was repeated with the left
arm, right and left leg. The recurrence of one series was
twice per limb, repeating each series of exercises ten times.
This exercise influenced the thoracic (arms) and lumbar
(legs) spinal muscles.

2. Exercise in the ‘‘gluteus arch’’ position:
Please
domiz
The starting position was characterized as body on the back,
feet on the floor drawn up to the bottom, knees well bent,
arms positioned relaxed next to the body. The patients
pushed his/her back up from the floor, held this position
for a few seconds (part of isometric contraction), then
reached the starting position, and repeated the exercise
ten times. This movement influenced the lumbar and lower
thoracic sections of the spinal musculature.
Assessed for e

Lost to follow-up (died) (n=7) 

Completed follow up (n=15) 

Lost to follow-up (died) (n=8) 

Completed follow up (n=22) 

Allocated to intervention group (n=30) 
♦  (Arm A)
♦ Received allocated intervention (n=30)

Randomiz

Fig. 2. Flow of participan
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3. Exercise in the ‘‘supine position’’:
The patients tipped their pelvis in supine position at the sag-
ittal level in dorsal direction, resulting in a delordosing of
the lumbar spine. The patients held this position of the pel-
vic and lumbar spine, and then lifted their knees in the direc-
tion of the abdomen. Next, the legs were very slowly moved
in the caudal direction and subsequently drawn back toward
the abdomen. This movement addressed the lumbar spinal
muscles, and was repeated four to eight times. For the last
two exercises, a concentric contraction followed by a few
seconds of isometric contraction in held position was
performed.
Patients in the control group (group B) received passive
physical therapy in form of breathing exercises also for a
period of two weeks. The passive physical therapy was
conducted for patients’ compliance, and avoidance of a high
dropout rate.

Statistical approach

The total number of patients undergoing radiotherapy in the
radiation oncology department of the Heidelberg University Clinic
for spinal bone metastases in the recruitment period would
achieve approximately 120, about 90 of whom should fulfill the
inclusion criteria. On account of the explorative character of this
study it was not possible to estimate the total number of cases;
with a scheduled number of 30 patients per group, it will, however,
be possible to detect a standardized mean-value effect of 0.8 with a
power of 80% and an a significance level of 5%. First of all, sensitiv-
ity analysis was used with analysis of covariance, with treatment
groups and gender as factors and age as covariate. All variables
were analyzed descriptively by tabulation of the measures of the
ligibility (n=80) 

Excluded  (n=20) 
♦ Unstable metastases (n=15) 
♦ Declined to participate (n=5) 

Lost to follow-up (died) (n=10) 

Completed follow up Arm B (n=20) 

Allocated to control group (n=30) 
♦ passive physical therapy (Arm B) 
♦ Received allocated physical therapy (n=30)

Lost to follow-up (died) (n=2) 

Completed follow up Arm B (n=18) 

ed (n=60) 

ts through the trial.
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empirical distributions. According to the scale level of the vari-
ables, medians (Hodges–Lehmann estimates), and absolute and
relative frequencies (interquartile range), respectively, were
reported. We calculated descriptive p-values of the corresponding
statistical tests comparing the treatment groups. For difference
within groups Wilcoxon signed rank test was used. Wilcoxon u test
was used for difference between groups. All statistical analyses
were done using SAS software Version 9.1 (SAS Institute, Cary,
NC, USA).
Results

From September 2011 through March 2013, consecutive 80
patients with a histologically confirmed cancer of any primary
and spinal bone metastases of the thoracic or lumbar segments,
or of the sacral region were considered in the Radiooncology
Department of the Heidelberg University Clinic. Fifteen patients
were excluded due to unstable metastases, and five patients
declined to participate in the study. Sixty patients fulfilled the
inclusion and were enrolled into the trial (Fig. 2). Groups were bal-
anced at baseline, and except the visceral metastases there were no
group differences (Table 1). Eight patients (26.7%) in group A died
within the first twelve weeks following RT, additional 7 patients
(23.3%) died within 6 months due to tumor progression. Ten
patients (33.3%) died in group B within 3 months and further 2
patients (6.7%) within 6 months. The mean follow-up was
Table 1
Patient characteristics at baseline.

Inte

n

Age (years)
Mean (SD) 61.3

Gender
Male 14
Female 16

Karnofsky-index (median, range) 80 (70–100)
Primary site

Lung cancer 12
Breast cancer 5
Prostate cancer 5
Melanoma 1
Renal cancer 1
Other 6

Localization metastases
Thoracic 17
Lumbar 9
Thoracic and lumbar 2
Sacrum 2

Number metastases
Mean (range) 1.4 (
Solitary 22
Multiple 8

Type of metastases
Osteoblast 9
Osteolytic 21

Distant metastases at baseline
Visceral 12
Brain 3
Lung 7
Tissue 8

Hormonotherapy 10
Immunotherapy 7
Chemotherapy 25
Neurological deficit 0
Orthopedic corset at baseline 7
Radiotherapy dose (Gy)
Single dose (median, range) 3 (2
Cumulative dose (median, range) 30 (

SD Standard deviation.

Please cite this article in press as: Rief H et al. The effect of resistance training
domized trial. Radiother Oncol (2014), http://dx.doi.org/10.1016/j.radonc.2014
6.1 months for both groups. All surviving patients completed all
surveys. Mortality did not differ between groups. The mean calcu-
lated size of metastasis (mm3) was in group A 341.9 ± SD 248.3,
and in group B 368.4 ± SD 189.1 (p = 0.297).

Bone density in all metastases increased significantly by median
28.3% (IQR 11.4–139.0) and 80.3% (IQR 32.6–250.6) after 3 and
6 months in group A (both p < 0.01). The bone density (Hounsfield
units) in group A was significantly improved compared to control
group after 3 and 6 months (both p < 0.01). The bone density data
in group B showed no significant increase over the course of time
(p = 0.289, median 5.5, IQR 0.0–62.2 and p = 0.057, median 52.1,
IQR 0.0–162.7). The subgroup analysis of osteolytic metastases
after 3 and 6 months in group A showed a significantly increased
bone density data compared to group B (both p < 0.01). Bone den-
sity of osteolytic metastases in group A increased to 179.3% (IQR
63.7–278.6) after 6 months (Table 2). The assessment of osteoblas-
tic metastases showed no significant difference after 3 and
6 months between groups (p = 0.591 and p = 0.759).

Bone density in uninvolved vertebral body slightly increased
during the course, but showed no significant difference after 3
and 6 months within groups (group A p = 0.196 and p = 0.123,
group B p = 0.484 and 0.441) as well as between groups (3 months;
p = 0.403, 6 months; p = 0.631). The effect of age and gender on the
change in bone density showed no difference between and within
groups over the course of time. 23.3% of the patients in group A and
30.0% of the patients in group B had pathological fractures at base-
line. No fracture was assigned to intervention (group A), after
rvention group (n = 30) Control group (n = 30)

% n %

(10.1) 64.1 (10.9)

46.7 19 63.3
53.3 11 36.7
80 (70–100)

9.2 8 26.6
16.7 6 20.1
16.7 9 30.1
3.3 1 3.3
3.3 2 6.7
20.1 4 13.4

56.7 14 46.7
30.0 13 43.3
6.7 2 6.7
6.7 1 3.3

2–4) 1.7 (1–5)
73.3 18 60.0
26.7 12 40.0

30.0 10 33.3
70.0 20 66.7

40.0 5 16.7
10.0 3 10.0
23.3 4 13.3
26.7 6 20.0
33.3 16 53.3
23.3 5 16.7
83.3 20 66.7
0.0 2 6.7
23.3 5 16.7

–4) 3 (2–4)
30–40) 30 (30–40)
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Table 2
Results of bone density in metastatic bone.

Group A Within group Group B Within group Difference between groups

n Median IQR p-Value n Median IQR p-Value Median IQR p-Value

All metastases
HU Baseline 30 190.1 77.0–492.3 30 213.2 130.4–515.4 �28.2 �119.0 to 61.0 0.455
HU T2 22 341.8 240.9–510.8 20 363.2 153.4–640.7 9.6 �133.5 to 187.7 0.898
HU T3 15 388.9 260.0–591.6 18 510.6 152.1–873.0 �48.2 �308.2 to 169.2 0.637

3 months
HU T0–T2 22 77.7 27.8–162.0 <0.01 20 5.5 0.0–62.2 0.289 59.7 21.1–98.3 <0.01
HU T0–T2 (%) 22 28.3 11.4–139.0 <0.01 20 1.5 0.0–20.8 0.064 25.8 10.0–88.3 <0.01

6 months
HU T0–T3 15 171.6 63.9–228.7 <0.01 18 52.1 0.0–162.7 0.057 62.9 �9.7 to 161.7 <0.01
HU T0–T3 (%) 15 80.3 32.6–250.6 <0.01 18 17.4 0.0–59.9 0.078 57.0 10.4–176.3 <0.01

Subgroup analysis
Osteolytic metastases
HU Baseline 21 112.1 68.2–196.1 20 142.8 96.1–213.2 �22.2 �69.2 to 34.8 0.426
HU T2 15 253.3 203.0–352.4 11 155.9 110.9–303.5 81.2 �16.7 to 165.8 0.138
HU T3 11 300.5 250.6–417.7 9 152.1 85.0–266.7 151.0 �4.2 to 264.4 0.061

3 months
HU T0–T2 15 85.4 56.8–178.8 <0.01 11 5.5 0.0–56.9 0.064 66.2 22.4–122.2 <0.01
HU T0–T2 (%) 15 88.8 22.8–162.3 <0.01 11 3.8 0.0–27.7 0.052 66.9 17.1–143.8 <0.01

6 months
HU T0–T3 11 218.5 87.8–238.5 <0.01 9 14.9 0.0–136.3 0.109 107.9 43.4–224.3 <0.01
HU T0–T3 (%) 11 179.3 63.7–278.6 <0.01 9 24.1 0.0–89.5 0.213 133.7 32.6–254.6 <0.01

This results showed the bone density (HU = Hounsfield units) in metastatic bone before RT (baseline), 3 and 6 months after RT. The data was presented by absolute and
relative values (%) of HU within and between groups as median (Hodges–Lehmann estimate) and IQR. Abbreviations: HU = Hounsfield units, IQR = interquartile range,
T0 = baseline, T2 = 3 months, T3 = 6 months, T0–T2 = difference baseline minus 3 months, T0-T3 = difference baseline minus 6 months.

Table 3
Results of pathological fractures of both groups.

Group A Group B p-Value

N n % 95% CI N n % 95% CI

Pathological fracture
Baseline (T0) 30 7 23.3 9.9 42.3 30 9 30.0 14.7 49.4 0.559
3 months (T2) 22 5 22.7 7.8 45.4 20 6 30.0 11.9 54.3 0.592
6 months (T3) 15 3 20.0 4.3 48.1 18 5 27.8 9.7 53.5 0.604

Osteoblast
Baseline (T0) 9 3 33.3 7.5 70.1 10 1 10.0 0.3 44.5 0.213
3 months (T2) 7 2 28.6 3.7 71.0 9 1 11.1 0.3 48.3 0.375
6 months (T3) 4 1 25.0 0.6 80.6 9 1 11.1 0.3 48.3 0.522

Osteolytic
Baseline (T0) 21 4 19.1 5.5 41.9 20 8 40.0 19.1 64.0 0.141
3 months (T2) 15 3 20.0 4.3 48.1 11 5 45.5 16.8 76.6 0.165
6 months (T3) 11 2 18.2 2.3 51.8 9 4 44.4 13.7 78.8 0.202

Abbreviations: N = alive patients in group, CI = confidence interval.
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6 months 20% had pathological fractures. The evaluation of patho-
logical fractures showed no difference between groups after 3 and
6 months (p = 0.592 and p = 0.604) (Table 3).
Discussion

The measurement of bone density in all metastases showed a
significant enhancement after 3 and 6 months in group A. The sub-
group analysis of osteolytic metastases after 3 and 6 months in
group A showed a significantly increased bone density data com-
pared to group B. Our results showed a major impact of resistance
training on bone density. Recent studies reported that the skeleton
benefits from resistance training, and the results of several studies
showed compelling data that strength training has the potential to
improve bone quality [11–13]. Therefore, our study demonstrated
the first data of a combined treatment with resistance training con-
comitant to RT. Longitudinal training studies indicate that strength
Please cite this article in press as: Rief H et al. The effect of resistance training
domized trial. Radiother Oncol (2014), http://dx.doi.org/10.1016/j.radonc.2014
training and high impact endurance training increase bone density
[11–13]. Remineralization of lytic lesions after RT was studied by
Koswig and Budach [20] using CT density measurements. After
6 months, bone density was significantly increased by an average
of 173% after 30 Gy in 10 fractions compared with an average
increase of 120% after 8 Gy in a single fraction. Our data was higher
in group A, however, the data of control group was significantly
lower than described by Koswig and Budach [20]. The bone density
of all metastases was improved in group A after 3 and 6 months of
median 28.3% and 80.3%. The lower data was explicable due to
osteoblast metastases, which showed no significant difference
after 3 and 6 months between groups. Our control group showed
a significant increase after 6 months due to RT and bisphospho-
nates. However, bone density was improved significantly com-
pared to group B. This result underlined the impact of the
resistance training.

All patients were treated additionally with bisphosphonates,
which represents a bias for the assessment of treatment response
during radiotherapy on spinal bone metastases in cancer patients – A ran-
.06.008
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6 Resistance training during radiotherapy
in the metastasis. Our results showed no significant difference of
bone density in the uninvolved bone within or between groups.
A slight increase of bone density during the course was detected
induced due to bisphosphonates. This result showed that the sys-
temic therapy with bisphosphonates had no crucial impact on
bone density in metastasis.

Optimal treatment of bone metastases is complex, and a multi-
disciplinary approach is often needed. A non-pharmacological
adjunctive therapy in the form of resistance training of the para-
vertebral muscles has not yet been investigated and formed the
basic concept of this study to improve re-calcification. Several find-
ings suggested that training improved trabecular and cortical bone
micro-architecture, thereby enhancing bone strength in a way that
may be overlooked by bone density findings [21–23]. Bone
strength primarily reflects the integration of bone density and
bone quality. By contrast, CT can provide excellent skeletal details,
with sensitivity for a bone metastasis diagnosis ranging from 71%
to 100%, particularly in the spine [24,25].

Progressive sclerosis of an osteolytic lesion generally indicates a
positive response [18]. Xie et al. presented the treatment response
according to CT. Complete response was defined as complete dis-
appearance, partial as more than 50% tumor regression, and no
response as unchanged [26]. In our opinion, this classification is
imprecise and inappropriate for evaluation due to subjectivity.
The measurement of bone density in Hounsfield units in the
metastasis was exact and reproducible. RT promotes re-calcifica-
tion of osteolytic metastases, therefore bone density increases
within the metastasis. In this novel study, our results showed that
resistance training can even enhance this effect.

Our results demonstrated 23.3% of the patients in group A and
30.0% of the patients in group B had pathological fractures without
significant advantage between groups. Skeletal-related events,
which include pathological fractures (10–20% of patients), spinal
cord compressions (5% of patients), and hypercalcemia (10–15%
of patients) are important clinical issues. Therefore, resistance
training induced no increased occurrence of pathological fractures.
Reductions in fracture risk following bisphosphonate treatment are
also frequently disproportionate to changes in bone density
[27,28]. Bone density was found to have an effect on the expected
mechanism of fracture in the metastatic involved spine [3]. We
could not identify this effect according to our data.

Since all patients were in advanced stages of their cancer, 40% of
the patients in either group were lost to follow-up due to progres-
sive disease and subsequently death. Further limitations of the
study were the relatively small sample size, the variety of primary
tumors and patient conditions, and the exclusion of patients pre-
senting with cervical spine metastases.

Among the strengths of our novel and original study were the
randomized design and a standardized and specific measure to
assess re-calcification by bone density among patients with spinal
bone metastases. This was, to our knowledge, the very first appli-
cation of a resistance training program in patients with spinal
metastases integrated in routine radiotherapy, to enhance their
local response to spinal metastases.
Conclusion

In this group of oncological patients we were able to show that
guided resistance training of the paravertebral muscles can
improve bone density in the metastasis as local response over a
6-month period in patients with stable spinal metastases concom-
itant to RT. Importantly, the pathological fracture rate in group A
was not increased. Large controlled trials are necessary to confirm
these findings.
Please cite this article in press as: Rief H et al. The effect of resistance training
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