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Exercise for Prevention of Bone Loss:  
The Role of Sports Medicine

Wolfgang Kemmler and Simon von Stengel

�Introduction

Physical activity and especially physical exercise are considered as cornerstones of 
musculoskeletal health [1, 2]. Indeed, dedicated exercise protocols can affect all 
fracture parameters, i.e. fall risk [3], fall impact [4, 5], and bone strength [6, 7], and 
should thus be considered as optimum candidates for non-pharmacological fracture 
prevention. Some evidence for the general anti-fracture efficacy of exercise was 
provided by dedicated exercise trials [8, 9] and a corresponding meta-analysis [10], 
but the optimum strategy (if there is any) on how to prevent fractures in elderly 
subjects is still under discussion. Although some researchers postulate to focus 
more on falls than on osteoporosis to prevent fractures [11], the most promising and 
feasible exercise strategy is to select types of exercise that address both factors, 
falls, and osteoporosis. This approach, however, ought to consider the requirements 
and determining factors of each individual. That is, the need for fall prevention is 
higher for elderly subjects with several fall risk factors, while for early postmeno-
pausal women with distinct bone loss, this topic is of lesser relevance [12]. But even 
with careful adaptation of the exercise program to subjects’ changing bone, health, 
and fitness status, effectivity may still decrease over the time. This could specifi-
cally be the case where the limitations of higher age collide with the specification of 
the exercise program. In the Erlangen Fitness and Osteoporosis Prevention Study 
(EFOPS), the overall aim was to evaluate the effect of a multipurpose exercise pro-
gram on clinical low-trauma fractures in postmenopausal women starting to exer-
cise in their early postmenopausal years. In detail, we intended to answer the 
following research questions:
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	1.	 Can exercise reduce the risk of osteoporotic fractures in postmenopausal women?
	2.	 Is there an optimal exercise program to increase or maintain bone mineral 

density?
	3.	 Are there temporary limitations on the effectivity of exercise on bone?
	4.	 Can exercise program that focuses on fracture reduction relevantly affect other 

risk factors with advancing age?
	5.	 Are high-intensity anti-fracture exercise programs attractive and feasible?

�Methods

The EFOPS is a nonrandomized semi-blinded controlled exercise over 16 years 
so far. The study complied with the Helsinki Declaration of “Ethical Principles 
for Medical Research Involving Human Subjects” and was approved by the eth-
ics committee of the University of Erlangen (Ethikantrag 905, 4209, 4914 B) and 
the Federal Bureau of Radiation Protection (S9108–202/97/1). After detailed 
information all study participants gave written informed consent. EFOPS was 
registered under www.clinicaltrials.gov (NCT01177761). In this publication we 
will present the results and experiences after 16  years of exercise meanwhile 
organized in the setting of a noncommercial health club (“Sportverein”). Special 
emphasis is placed on the design of the exercise program and its adaptation to the 
increasing age and correspondingly changing requirements and determining fac-
tors of our cohorts.

�Participants

Figure 6.1 shows the participant flow of the study. We queried population registers 
to contact all women from Erlangen and surroundings in the age between 48 and 
60 in the form of individual letters describing the study objectives.

Inclusion criteria were a time window of 1–8-year postmenopause and osteope-
nia at the total hip or lumbar spine as measured by dual X-ray absorptiometry 
(DXA) using the WHO T-score definition (−2.5 SD  <  T-Score  ≤  −1.0 SD). 
Exclusion criteria were diseases and use of medication affecting bone metabolism, 
known osteoporotic fractures, current or recent athletic activity (defined as partici-
pation in sport competitions within two decades before study start), inflammatory 
diseases, history of cardiovascular disease, and very low physical capacity as 
defined by ergometry (<75 W).

The participants were free to join the exercise or the control group. On hun-
dred thirty-seven early postmenopausal (1–8 years) women were finally included 
in the study and 86 women joined the exercise and 51 the control group. 
Participants of the control group were requested to continue their habitual life-
style, while participants of the exercise group underwent the training regime 
described below.
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�Intervention and Changes of the Exercise Program 
During the Study Course

Certified trainers monthly or (after year 4) bimonthly briefed by the principal inves-
tigator supervised all the joint exercise sessions over the 16-year period. Each sub-
ject of the EG kept an individual training log that was checked every 12 weeks in 
order to determine participants’ attendance and compliance with the exercise proto-
col. Apart from study years 4 and 5 (see below), the EFOPS protocol scheduled two 
joint group classes of 60–65 min on nonconsecutive days and two home training 
sessions of 20–25 min consistently for 49–50 weeks per year. Exercise intensity was 
regularly adapted (see below) to subjects’ physical performance.

�Group Classes

The joint exercise session started with a 20–25-min warm-up/endurance sequence. 
This sequence focused on running/gaming variations, dancing, and low- and (after 
4–5 months of conditioning) high-impact aerobic dance exercises with short inter-
vals (2–3 min) at heart rates (HR) of 80–85% HRmax intermitted by 1–2 min of 
moderate heart rates (70–80% HRmax). During the high-impact aerobic dance, 
peak ground reaction forces (peak GRF) of ≈2–3 × body weight were realized. The 
number of these moderate- to high-impact loads during this session was 

Assessed for eligibility: n =1100

Excluded: n = 843

Declined to participate: n = 120

Eligible, agreed to participate: n =137

Exercise group (EG):
Received allocated intervention: n = 86

Sedentary control group (CG):
Received allocated intervention: n = 51

Discontinued intervention: n = 24

Moved: n = 6

Died: n = 3

Serious diseases, injuries: n = 6

Lost interest: n = 9

Discontinued intervention: n = 5

Moved: n = 2

Died: n = 2

Lost interest: n = 1    

Finished study

EG: n = 62 CG: n = 46

Fig. 6.1  Brief chart of participants flow through the EFOPS exercise trial
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progressively increased during the first 3–4 study years (up to 150) and decreased 
(90–110) during the last 3 study years.

While general coordination exercises were consistently applied by traditional 
dances and aerobic dance during the initial session, the focus slightly shifted from 
bone to fall-relevant exercises including exercises for dynamic balance. This 
approach was supported by a dedicated short (3–5 min) sequence that specifically 
focused on static and dynamic balance exercises introduced after 10  years of 
exercising.

In order to specifically address bone by high ground reaction forces, a short high-
impact sequence (3–5 min) was introduced after a conditioning phase of 6 months. 
After a 3-month lasting adaption phase of rope skipping, 4 different sets of 15 sim-
ple multidirectional jumps/session (e.g., closed leg jumps, lateral one leg jump, 
jumping jacks) were carried out. Subjects were encouraged to focus on intensive 
takeoff and soft landing with flexed ankles and knees without heel strikes. 
Complexity and impact of the prescribed jumping exercises progressively increased 
up to a peak GRF of ≈4–4.5 × body weight during the first 4 years, while less chal-
lenging jumping exercises (peak GRF ≈ 3–3.5 × body weight) with higher demands 
on balance and coordination (e.g., lateral jumps with predefined rhythm) were intro-
duced during the last 3 study years.

The main part of the exercise program, however, was the resistance sequence that 
covered 35–40 min of the group session. This training consisted of two different 
types of resistance training: in one of the two group sessions, exercises were carried 
out on machines (Techno Gym, Gambettola, Italy), and in the other one isometric 
exercises, elastic bands, and free weights were used. The following dynamic exer-
cises were performed in the session using resistance machines: horizontal leg press, 
leg curls, bench press, rowing, leg adduction and abduction, abdominal flexion, 
back extension, lat pulley, hyperextension, leg extension, shoulder raises, and hip 
flexion. During the second resistance training session, isometric (12–15 exercises, 
2–4 sets, 6–10 s) and elastic band exercises (3 exercises with 2–4 sets and 15–20 
reps.) were carried out. In addition, three resistance exercises using free weights 
(squat/deadlift, one hand dumbbell rowing, and dumbbell chest press) were per-
formed according to the periodized protocol described below.

After 9 months of conditioning, we consistently applied a structured exercise 
schedule with 12  weeks of linearly or nonlinearly periodized high-intensity 
resistance training [13] on machines (9–10 exercises, 1–4 sets, 4–12 repetitions 
with 70–90% one-repetition maximum (1-RM)) and 4–6 weeks of lower inten-
sity (50–55% 1-RM) but higher volume (13 exercises, 2–3 sets, 20–25 repeti-
tions) or correspondingly with free weights. After a dedicated study section 
during years 4 and 5 [14, 15] that focused on movement velocity (i.e., strain rate 
[16]) during resistance exercise, applying three-group and one-home training 
session, movement velocity was also consistently manipulated. Periods of fast 
(explosive movement during the concentric phase) and slow (up to 4  s during 
concentric and eccentric phase) velocity were applied, while higher loads (≥1 
RM) were always with movement velocities of 2–4  s per movement phase. 
Exercise intensity prescribed in the participants’ individual training logs was 
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either based on regular 1-RM tests (first 5 years; [13]) or the repetition number 
combined with the rate of perceived exertion (Borg CR-10 scale, [17]) [13]. Of 
high importance, although the applied exercise program would be denominated 
as an “HIT” resistance exercise program nowadays, apart from one 12-week 
period [13], we did not intend subject’s complete exhaustion by the maximum 
number of repetitions.

�Home Sessions

Except for years 4 and 5 (one-home training session/week only), the 20–25-min 
home training was consistently prescribed twice per week. The session was struc-
tured in a short warm-up sequence including rope skipping (3–5 min) and an iso-
metric and dynamic exercise element. During the latter sequence, isometric exercises 
primarily focused on trunk stability (e.g., crunches, forearm planks), while dynamic 
exercises using elastic bands or gravity focused on upper back and upper and lower 
limbs. Stretching (eight muscle groups, 20 s continuous stretching) was conducted 
at the end of the resistance exercises. All exercises were carefully practiced in the 
group sessions beforehand. Home training protocols were changed every 3 (up to 
year 4) to 6 months.

�Calcium and Vitamin D Supplementation

Based on dietary protocols (see below), all study participants received calcium (Ca) 
and vitamin D (Vit-D) in order to ensure an intake of at least 1000 mg/day Ca (first 
10  years, 1500  mg/day) and 500  IU/d Vit-D.  Due to funding limitations, after 
5 years of free supplementation, participants were directed to resources for low-
priced Ca and Vit-D supplements.

�Measurements

Except for the assessment of clinical overall fractures, the measurements detailed 
below were performed at baseline and, during the course of the intervention, 
repeated after years 1, 2, 3, 4, 5, 8, 12, and 16. All assessments were determined in 
a blinded fashion, i.e., researchers and research assistants were unaware of the sta-
tus (EG or CG) of the participant.

�Anthropometry

Height, weight, and waist circumference was measured using calibrated devices. 
Body composition was determined by multi-frequent bio-impedance technique 
(Tanita BF 305, Tokyo, Japan).
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�Bone Mineral Density

BMD at the lumbar spine (LS) and the femoral neck (FN) was measured by dual 
energy X-ray absorptiometry (DXA) using standard protocols of the manufacturer 
(QDR 4500a; Hologic, Bedford, USA). LS scans (L2–L4) and FN scans were inde-
pendently analyzed by two experienced researchers. Long-term (16-year) coeffi-
cient of variation for BMD at the LS was 0.5% as determined by weekly “spine 
phantom” measurements.

�CHD Risk

The 10-year risk index of myocardial infarction or coronary death was calculated 
using the algorithm suggested by the NCEP ATP III Panel [18] that includes catego-
ries of age, total cholesterol, HDL cholesterol, systolic blood pressure, treatment for 
hypertension, and smoking status.

�Questionnaires

Baseline questionnaires determined demographic parameters, pre-study physical 
activity and exercise levels, and health risk factors with special regard to bone and 
quality of life parameters. Follow-up questionnaires conducted after 1, 2, 3, 4, 5, 8, 
12, and 16  years were specifically designed to detect changes in confounding 
parameters that may affect the study endpoints (e.g., medication, diseases, lifestyle, 
physical activity, exercise, dietary pattern, and Ca−/Vit-D supplementation).

�Clinical Overall Fractures

All fractures during the last 16 years were retrospectively determined by question-
naires combined with structured interviews after 4, 8, 12, and 16 years. In order to 
verify the fracture, subjects were asked to provide a medical report. Low-trauma 
fracture was defined as a fracture occurring spontaneously without high load or falls 
from a standing height or lower [19]. Among the low-trauma fractures, we further 
checked for major osteoporotic fractures (i.e., vertebral, humerus, forearm, proxi-
mal femur/hip) according to the WHO Fracture Risk Assessment Tool (FRAX®, 
[20]). Fractures caused by vehicle/bicycle accidents or bicycle falls, falls from a 
higher level, or other more serious trauma were excluded from the analysis.

�Dietary Intake

The consumed food was weighted precisely and reported by the participants. The 
analysis of the protocols was performed by research assistants using Prodi-4.5/03 
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Expert software (Nutri-Science, Hausach, Germany). However, due to participants’ 
unwillingness to regularly perform this laborious procedure and the minor annual 
differences for calcium and vitamin D uptake, we decided to stop assessing dietary 
intake by this method and started to use a standardized calcium and vitamin D ques-
tionnaire [21], initially biyearly and later in 4 yearly intervals. A validation of this 
questionnaire with results of the 5-day dietary assessment resulted in corresponding 
differences of 10% for calcium and 15% for vitamin D uptake.

�Statistical Analysis

Estimated sample size calculation was based on the number of clinical low-trauma 
fractures. In order to detect a rate ratio of 0.5 for overall fracture rate ratio [22, 23], 
about 50 patients/group/12 years were required (5% error probability, 80% statisti-
cal power). Fisher’s exact test was used to determine differences between EG and 
CG for the number of subjects with fractures (risk ratio). The total number of frac-
tures (rate ratio) was compared using negative binominal regression. A completer 
analysis including all subjects with 16-year follow-up data was calculated. However, 
for research question (3), only subjects with complete BMD values for baseline, 
years 4, 8, 12, and 16, were considered. According to their distribution, intragroup 
BMD changes were analyzed by paired t-tests or Wilcoxon rank tests. Differences 
between the groups were consistently determined using Welch t-tests. Effect sizes 
(ES) were calculated using Cohen’s d [24]. All tests were two sided with a p-value 
of less than 0.05 considered as statistically significant.

�Results

�Can Exercise Reduce the Risk of Osteoporotic Fractures 
in Postmenopausal Women?

Only a handful of exercise studies determined fracture risk or rate as a primary or 
secondary study endpoint (review in [10]). Two of these trials [8, 9] reported signifi-
cant positive findings. Sinaki et al. [8] detected a significant positive effect for ver-
tebral compression fractures after 2 years of supervised back-strengthening exercises 
followed by a non-monitored period of 8 years of self-selected physical activity in 
women aged 58–75 years. Addressing both fall risk and bone strength, Korpelainen 
et al. [9] reported significant differences between EG and CG concerning “overall 
fractures” (EG, 6, vs. CG, 16; rate ratio, 0.34; p = 0.019) after 30 months of exercise 
with 160 women, 70–73 years old. Finally, after 12 months of home exercise with 
subjects 75 years and older, Robertson et al. [25] observed significant effects for 
“serious injuries resulting from a fall” in favor of the EG (EG, 2, vs. CG, 9 fractures; 
rate ratio, 0.25; p = 0.03). However, the same exercise protocol did not result in 
significant between-group differences (p = 0.26) in somewhat older subjects [26]. 
However, the limitation of the latter two studies was that their statistical power to 
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address clinical fractures was insufficient; so there is some likelihood that their 
positive results were promoted by random.

In the present study, however, the high amount of “participant years” (1650) 
allows us to address clinical fractures, clinical low-trauma fractures, and major 
osteoporotic fractures according to FRAX® [20]. In summary, risk and rate ratio for 
all the fracture parameters given above were significantly positive in favor of the 
exercise group. Most impressive, the number of clinical major osteoporotic frac-
tures decreased by 63% in the EG (rate ratio, 0.37; 95% CI, 0.14–0.88; p = 0.027). 
Comparable data was observed for total clinical low-trauma fractures; 24 fractures 
occurred in the CG vs. 13 fractures in the EG (rate ratio, 0.42; 95% CI, 0.20–0.86; 
p = 0.018).

We are aware that a comparison with pharmacological studies as a benchmark is 
not fully feasible given the latter’s featured high(er) evidence levels and more dedi-
cated inclusion criteria, but it provides an insight into the dimensions of exercise-
induced fracture reduction achieved. Zoledronate, probably the most potent 
bisphosphonate actually [27], decreases the total clinical fracture rate by 33% [28] 
which is comparable with the anti-fracture efficacy reported for denosumab (32%) 
[29] and teriparatide (35%) [30]. However, it would be completely inappropriate to 
conclude exercise that may be a true alternative to pharmaceutical therapy, since the 
large proportion of frail elderly, as the classical addressees, are unable or simply 
unwilling to start and maintain lifelong, frequent, and intense exercise programs 
[31, 32] comparable to the EFOPS protocol.

�Is There an Optimal Exercise Program to Increase 
or Maintain Bone Mineral Density

In the EFOPS we aimed to transfer approved exercise strategies generated by ani-
mal studies [12] and athletic exercise performance to our exercise program. Our 
exercise strategy was rather pragmatic: since most people are unwilling to spend a 
lot of time for prevention activities [33], the available time should be used most 
effectively. In order to optimize training effects under the constraints of a limited 
exercising volume, we applied modern training strategies [34] developed for ath-
letic performance [35, 36]. One central feature of our exercise protocol was a regu-
lar change and adaptation of the training regimen, which required a periodization to 
structure the macro- as well as the mesocycles [34]. Although this strategy was 
specifically applied during the resistance sequence, we also periodized the other 
training sequences by varying the length of the high-impact sequences or the num-
ber of jumps per session. However, it is to be emphasized, that despite high exercise 
intensity, subjects did not exercise until complete exhaustion. Also, during the resis-
tance sequence individual training plans did not call for the maximum possible rep-
etitions for a given workload. We attribute the low injury rate of our study to this 
“non-exhaustive” strategy as well as to the conditioning period at the start of the 
study and to the intermediate regeneration phases.
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While the effect of exercise types and most strain parameters have been evalu-
ated in the meantime, the optimum design and composition of an exercise program 
to increase bone strength is still under debate [37, 38]. In this context, one basic 
question simply is how frequent the exercise sessions should be applied (per week). 
This decision has a twofold impact on the results of exercise programs: primarily 
because of its direct impact on the given endpoint of an exercise program and sec-
ondarily by affecting feasibility of the program and thus the participant’s compli-
ance [39]. Based on the 12-year results of EFOPS, we structured retrospectively two 
exercise groups according to the overall exercise frequency. Changes of a BMD at 
lumbar spine and femoral neck (DXA) were compared between the low-frequency 
exercise group (LFG, 1.5 to <2 sessions/week) and the high-frequency exercise 
group (HFG, ≥2 to 3.5 sessions/week). The results showed changes of BMD at 
lumbar spine (HFG, 1.1 ± 4.7%, vs. LFG, −4.1 ± 3.0%; p = 0.001) and femoral neck 
(−4.4 ± 3.9% vs. −6.7 ± 3.5%, p = 0.045). Of importance, BMD changes of the 
LFG did not differ from the data of the non-training control group (LS, −4.4 ± 5.2%; 
FN, −6.9 ± 5.0%). Although this result might not be generalizable across all exer-
cise types and cohorts, it indicates that an overall exercise frequency of at least two 
sessions per week may be crucial, even if exercise is applied with high intensity/
impact [32].

Another research question that refers to the strain parameter “strain rate” 
was evaluated during the 4 and 5 study years [14, 15]. In this randomized con-
trolled trial, we evaluated the effect of the movement velocity during the resis-
tance sequence (strength (ST), 4 s (concentric)/4 s (eccentric), vs. power (PT), 
explosive/4 s). After 2 years of exercise, significant between-group differences 
were determined for LS-BMD (PT, −0.3%, vs. ST, −2.4%; p = 0.01). Also the 
incidence of pain indicators at the lumbar spine was more favorable in the PT 
group.

Although final evidence had been generated by another study of our group 
(TRACE study, [40]), we also addressed the relevance of block periodization in the 
EFOPS. Shortly, block periodization bases on two main determinants. From a sci-
entific point of view, there is some experimental evidence that regular “unloading 
periods” (4 weeks within a 12-week exercise program) may be even more effective 
to increase bone strength than continuously applied loading [41] because of bone 
desensitization to frequent and high mechanical stimuli. From a pragmatic point of 
view, these “bone unloading periods” can be used to address other relevant training 
aims/risk factors of the elderly (i.e., falls, cardiometabolic risk factors) more specifi-
cally. Even though we do not directly compare the effects of a block periodized vs. 
a non-block periodized study group (but block periodized (EG) vs. sedentary con-
trol (CG)), the study results for LS-BMD as determined by QCT (total BMD: EG, 
−0.3 ± 2.1%, vs. CG, −2.1 ± 2.2%; p = 0.015; trabecular BMD: −0.7 ± 3.4% vs. 
−4.7 ± 4.9%; p = 0.001) and DXA (−0.1 ± 2.2% vs. −2.0 ± 2.0%, p = 0.002) were 
promising.

In summary, our appraisal on how to increase or maintain bone mineral density 
most favorably included the following items:
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	1.	 General application of multipurpose exercise program with special regard to 
bone.

	2.	 Application of exercise type with relevant joint and (if applicable) high ground 
reaction forces.

	3.	 High-intensity (HIT) strategy, however, without work to failure.
	4.	 Implementation of 6 months of conditioning before HIT.
	5.	 Progression of the exercise program with special regard to intensity.
	6.	 Consequent and consistent variation/manipulation of the exercise program with 

respect to exercise type and parameters (e.g., intensity, movement velocity).
	7.	 Regular rest periods and (if applicable) the implementation of block 

periodization.
	8.	 Regular tests to monitor changes of short- and long-term aims of the exercise 

program, use of corresponding feedback to define next trainings, aims, and steps

�Are There Temporary Limitations of Effectivity 
of Exercise on Bone?

Another aspect of our research was whether exercise consistently prevents loss of 
bone mineral density or whether there are periods of reduced effectiveness. To 
answer this question, we structured EFOPS in four periods of 4 years. As given, we 
only included participants with complete BMD data for baseline 4-, 8-, 12-, and 
16-year follow-up. Figure 6.2 gives the result of the corresponding comparison for 
LS and FN.

In summary, after a slight increase of BMD at LS and FN in the EG during the 
first 2 years [42], we observed a largely linear decrease of BMD during the study 
course. Finally, we observed an overall decrease of −2.2 ± 3.1% (p = 0.02) after 
16 years of continuous, supervised exercise with an average training frequency of 
2.2 ± 0.4 sessions/week. However, BMD changes were quite homogeneous in the 
EG with reductions ranging between 0.49 and 0.61%. BMD reductions in the CG 
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Fig. 6.2  BMD changes at LS and FN during the study course. Asterisks (*p < 0.05; p < 0.001) 
indicate either (top of the SD) significant different from the period before or (between the curves) 
significant group difference (EG vs. CG) for the corresponding period
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(6.6 ± 3.1, p < 0.001) were most pronounced during the first period with a gradual 
leveling-off afterward. About half of the total LS-BMD reduction took place during 
the first 4 years (i.e., during early menopause).

During the first 4  years, reductions of FN-BMD (EG, 0.862  ±  0.077 to 
0.810 ± 0.074, vs. CG, 0.853 ± 0.088 to 0.775 ± 0.090 g/cm2; p < 0.001) were less 
distinct than at the LS, but increased significantly (p ≤  0.022) during phase 2 
(5–8 years). While the CG demonstrated a constant BMD decrease between 2.4 and 
3.1% during periods 2–4, a reduction of BMD loss (p  =  0.051) during the last 
4 years (i.e., phase 4 compared with phase 3) was observed for the EG.

In summary, the BMD gap between EG and CG increased progressively through-
out the study course, although we failed to determine significant differences for all 
isolated 4-year periods (LS-BMD, first and final period only; FN-BMD, second and 
final period). We are unable to refer these periods of (slightly) reduced effectivity to 
changes of our exercise program. Even the most pronounced reduction of bone-
specific contents realized after year 12 was not related to a decreased effectivity 
during the final period. In conclusion, our sophisticated exercise program adapted to 
subjects’ priorities demonstrated a highly significant and clinically relevant long-
term effect on BMD at lumbar spine and femoral neck. However, compared with the 
comfortable option of pharmaceutical intervention, more time and effort have to be 
invested in order to favorably affect BMD through exercise. With respect to the 
generalizability of our results, this suggests that “exercise” will be still reserved for 
motivated postmenopausal females.

�Which Impact on Cardiometabolic Risk Factors Features 
an Exercise Program That Focuses on Fracture Reduction 
in Postmenopausal Women?

Multi-morbidity of the elderly is an increasing problem in the Western world [43]. 
Besides musculoskeletal problems, metabolic and cardiac diseases largely contrib-
ute to the high morbidity of our elderly population [44, 45]. Uniquely “exercise” 
represents a complex agent that in general affects most, if not all, of the relevant risk 
factors and diseases of the elderly [1, 46, 47]. However, it is not trivial to design a 
multipurpose exercise training that favorably affects the most relevant early meno-
pausal risk factors (i.e., bone loss and cardiometabolic diseases) that may funda-
mentally differ with respect to their sport-scientific addressing. Examining our 
exercise protocol, the endurance/jumping sequence can be considered as a high-
intensity interval training (HIIT) [48], a method with high relevance for cardiometa-
bolic prevention and rehabilitation [49–51]. Further, the high relevance of resistance 
training for cardiometabolic is also accepted [52]. Both components were regularly 
and frequently applied in the EFOPS trial; thus a positive effect on relevant cardio-
metabolic markers should be achieved.

During the first study years, we focused on isolated cardiometabolic risks (e.g., 
blood lipids, blood pressure, waist circumference) which were consistently posi-
tively affected [42, 53]. However, in parallel to the osteoporotic fracture issue, the 
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large number of participant years enabled us to select more meaningful cardiometa-
bolic endpoints. Thus, finally (years 12 and 16, respectively), we addressed the 
metabolic syndrome according to the International Diabetes Federation (IDF) [54] 
and the “hard coronary heart disease” risk (i.e., risk of myocardial infarction and 
coronary death during the next 10 years [18]). The latter parameter significantly 
deteriorated in both study arms (p < 0.001); however, the changes were significantly 
less unfavorable in the EG, compared with the CG (5.00 ± 2.94% vs. 6.90 ± 3.98%; 
p = 0.017). Ignoring the subjects’ increasing age, which is however considered as a 
core risk factor by the hard CHD risk score, changes were no more significantly 
negative in the EG, contrarily to the CG. In parallel, metabolic syndrome Z-score 
[55] that did not include the variables sex and age and may be thus more sensible for 
“true” changes of cardiometabolic risk did not relevantly change in the EG but sig-
nificantly deteriorate in the CG (EG, −0.42 ± 1.03%, p = 0.003, vs. CG, 1.61 ± 1.88%, 
p = 0.001).

In summary, the EFOPS strategy of a consistently applied high-intensity train-
ing program complies with our philosophy of multipurpose exercise programs, 
able to favorably address the most important risk factors of the menopause and of 
increasing age.

�Are High-Intensity Exercise Programs for Osteoporosis Safe, 
Attractive, and Feasible?

Finally, we aimed to clarify an important issue with respect to high-intensity exer-
cise training programs. Reviewing the literature, there is some evidence that high-
impact [56]/high-intensity training [57] may lead to joint and/or low back pain.

In summary, we cannot verify this estimation; in fact, we determined positive 
effects on pain frequency and intensity for the lumbar spine and main joints that, 
however, reached significance only for the LS region [58]. This result is not trivial 
since LS and joint pain incidence in (early) postmenopausal females is very high. In 
a study by Raspe et al. [59], 35–40% of German women between the age of 50 and 
59 years reported back pain and 45–50% reported joint pain. In our cohort pain 
incidence was even higher, 60% suffer from back pain (cervical, thoracic, and lum-
bar spine) and 68% from joint pain (knee, hip, and shoulder). Thus, exercise pro-
grams that generate pain reduction are of high relevance for this cohort. Our result 
that high-intensity exercise training, even with intermitted “power” training (i.e., 
high movement velocity) phases, did not lead to complication but even improve 
dedicated pain parameters has been recently confirmed by an exercise trial with 
subjects with hip arthritis [60]. Thus, our results do not support the statement “what 
is good for the bones is bad for the joints” [56], at least if certain rules are adhered 
to. These include: (1) careful incrementing of exercise intensity and impact, (2) 
avoiding complete exhaustion from maximizing the number of repetitions under a 
given load, (3) including intermittent “recreational exercise periods,” (4) proper 
variation of intensity and volume within the heavy-load periods, and (5) replacing 

W. Kemmler and S. von Stengel



71

exercises with very high ground reaction forces by less challenging high-impact 
movements in the course of advancing age. However, the latter was not applied for 
intense joint reaction forces reported to be less critical for elderly subjects [61, 62].

The attractiveness of the exercise program is easy to determine since subjects 
“vote with their feet”; thus, high attendance and low dropout rates indicate a high 
attractiveness of the program. The overall dropout rate of the EFOPS exercise group 
(Fig. 6.1) was 28%; however, taken into account that only nine subjects quit the 
study due to study-related reasons (loss of interest!), compared with other much 
shorter exercise trials [6, 63], the commitment was very impressive. The attendance 
rate per se averaged only 57%, but, taking into account that four sessions per week 
were prescribed by the EFOPS protocol, the average number of sessions effectively 
conducted per week was 2.15 ± 0.40. In total about two third of the EG participants 
exercised more than two sessions/week/year. Of importance, the number of group 
session attended (≈1.6) per week did not change during the 16-year period.

Besides effectiveness and attractiveness, feasibility is a further determinant of 
successful exercise programs. In general, we consider that the application of high-
intensity training is feasible at least if educated trainers lead the sessions. However, 
even if this might be a specific problem of the complex German rehabilitation exer-
cise practice, the requirement of resistance machines is problematic. Of lesser rele-
vance, the use of resistance machines may increase the organizational and financial 
expenditure for the exercise groups. More important, the application of resistance 
machines within the framework of institutional rehabilitation by exercise according 
to SGB IX (Social Security Code) § 44 is not allowed. Since the vast majority of 
corresponding groups were largely co-financed by public health funds, the corre-
sponding use of resistance machine is rare. This determinant, however, prevents the 
broad application of the EFOPS protocol that based on dedicated resistance exercise 
training on machines, at least in osteoporosis rehabilitation groups in Germany.
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