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Abstract This study aimed to evaluate the 24-week
effects of a high-intensity aquatic exercise program on
bone remodeling markers and bone mass of postmeno-
pausal women. In this randomized, controlled trial we
studied 108 women (58.8 + 6.4 years), randomized into
Aquatic Exercise Group (AEG), n = 64, performing
24 weeks of aquatic exercises, and Control Group (CG),
n = 44, sedentary. They had their fasting morning blood
sample collected for the measures of intact parathyroid
hormone (iPTH), procollagen type 1 amino-terminal pro-
peptide (PINP) and carboxy-terminal cross-linking telo-
peptide of type I collagen (CTx). Bone mass was measured
by dual-energy X-ray absorptiometry before and after the
intervention. Participants of both groups received a daily
supplementation of 500 mg of elementary calcium and
1,000 IU of vitamin D (cholecalciferol). Results showed an
augment in bone formation marker (PINP) only in the
AEG (15.8 %; p = 0.001), and although both groups
experienced significant enhancements in bone resorption
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marker (CTXx), this increase was less considerable in the
AEG (15 % in the AEG and 29 % in the CG). IPTH was
increased by 19 % in the CG (p = 0.003) at the end. The
femoral trochanter BMD presented a 1.2 % reduction in the
CG (p = 0.009), whereas in the AEG no change was
observed (p = 0.069). The proposed aquatic exercise pro-
gram was efficient in attenuating bone resorption raise and
enhancing bone formation, which prevented the partici-
pants in the AEG from reducing the femoral trochanter
BMD, as happened in the CG.

Keywords Osteoporosis - Bone remodeling
markers - Bone mass - Aquatic exercise -
Postmenopause

Introduction

Osteoporosis caused by estrogen deficiency in postmeno-
pausal women is a worldwide public health problem [1].
Osteoporotic fractures represent 80 % of all fractures in
women after menopause over the age of 50 years [2] and
are the cause of mortality and morbidity, as well as chronic
pain and substantial economic costs. Preventing and
treating osteoporosis is of major importance to women’s
health in an aging society like ours. Many strategies have
been researched and are already recognized as effective
against osteoporosis, such as the maintenance of optimum
levels of serum calcium and vitamin D, in addition to the
avoidance of tobacco and alcohol, appropriate drug therapy
and engagement in a regular physical exercise program [3].

Studies analyzing the effects of physical activity on
bone mass showed that dynamic resistance exercises,
likewise, impact exercises, can stimulate bone metabolism
in postmenopausal women [4-7]. These studies
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demonstrated a reduction in bone loss or even a small gain
in bone mass in older women documented by a bone
densitometry exam. Although bone mineral density (BMD)
is one of the best parameters for the assessment of the risk
of fractures, it reflects a static condition of bone mass and,
therefore, does not reproduce the bone dynamic changes
around the time of the examination. To overcome this
limitation and to understand the dynamic responses of bone
remodeling due to exercise, biochemical markers of bone
remodeling are being used.

A few studies have analyzed the variation of bone
remodeling markers after a period of regular physical
exercise; nevertheless, the mechanism by which these
markers are stimulated is not clear yet. Some scientific
findings show that chronic exercise can improve bone
formation with no change in bone resorption [8]. Con-
trarily, other results showed that exercise can reduce bone
resorption rate with no change in bone formation markers
[9]. The different types of bone markers as well as exercise
protocols, together with the variety of exercise intensities
and diverse studied population make it difficult to compare
the results and comprehend the physiology of bone
metabolism after chronic physical training.

To our knowledge, no study has focused on the effects
of aquatic exercises on bone mass (DXA) and bone
remodeling markers of postmenopausal women. In Brazil,
a tropical country, aquatic exercises are most appreciated
by older people [10]. In water the mechanical stress on
joints is greatly reduced, blood circulation is facilitated by
fluctuation and hydrostatic pressure, thermoregulation is
improved, and the risk of injuries and falls is dramatically
decreased [11]. Considering these characteristics, aquatic
exercises could be regarded as the ideal modality of exer-
cise for older people. However, there are doubts whether
the reduction of the mechanical load on the immersed body
would diminish its effect on bone metabolism. We
hypothesize that even with the reduction of impact forces
in water, other factors such as the muscle tension generated
by water resistance, as well as the multidirectional and
high-speed movements performed by the participants, are
capable of stimulating bone metabolism in postmenopausal
women. Therefore, this study aimed to evaluate the
24-week effects of a high-intensity aquatic exercise pro-
gram on bone remodeling markers and bone mass of
postmenopausal women.

Materials and methods
The present study was approved by the ethics committee
of the Federal University of Sdo Paulo (n°® 1771/2008)

and all subjects signed a written informed consent before
entry.
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Subjects

This research took place in the city of Barueri, in the state
of Sao Paulo, Brazil. Women were invited to participate
through advertisements in public places of the city. The
volunteers were included when their physical activity sta-
tus was classified as sedentary by the IPAQ short version
questionnaire [12], if they were post-menopausal for at
least 5 years and only when their cognition function
allowed them to understand and respond to the authors’
questions and commands during the questionnaires. Par-
ticipants were excluded if they presented: any physical
conditions that might affect performance during aquatic
exercises (hypothyroidism; primary hyperparathyroidism;
osteoarthritis and/or rheumatic arthritis, only in the severe
phase, with inflamed synovium and restrictive pain; edema
or ulcer in the lower limbs); chronic kidney disease (serum
creatinine >1.4 mg/dl); history of recent hip fracture (in
the last 2 years); dependency on alcohol or illicit drugs;
chronic therapy with corticosteroids, bisphosphonates,
calcitonin, calcium, vitamin D and its metabolites; estro-
gen, selective estrogen receptor modulators and strontium
in the earlier 6 months; use of any medications that might
interfere with vitamin D metabolism; systolic blood pres-
sure >200 mmHg and/or diastolic blood pressure
>100 mmHg.

Design

Subjects were randomized using a restricted randomization
procedure (urn design). Sample size was calculated with
reference to total femur BMD (primary outcome) and
according to the Graphpad State 2 Software, a sample size
of 33 in each group would have a 99 % power to detect a
1.2 % difference between means with a significance level
(alpha) of 0.05 (two-tailed).

In this randomized, prospective, controlled trial, we
studied 108 postmenopausal women (58.8 £ 6.4 years),
that went through the following study phases: (a) ques-
tionnaire about clinical history, family history, ethnicity,
dietary habits, consumption of alcohol and cigarettes;
(b) measures of blood pressure (mmHg), height (cm) and
body mass (kg); (c) blood collection of 8-h fasting morning
blood samples (between 7 and 8 a.m.) for the biochemical
analyses; and (d) electrocardiographic exercise stress test-
ing for cardiac risk assessment.

Fasting morning blood samples were used to measure all
the biochemical parameters. Creatinine was measured by
alkaline picrate assay (ADVIA 1650; Bayer, Tokyo,
Japan). Intact parathyroid hormone (iPTH) was measured
by a chemiluminescence commercial assays (Elecsys 1010,
Roche Diagnostics, Indianapolis, IN, USA), presenting
intra- and inter-assay coefficients of variability (CV) of 3.0
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and 3.5 %, respectively. Total calcium (Ca) was measured
by the enzymatic colorimetric assay (ADVIA 1650; Ba-
yer), with intra- and inter-assay CV of 1.30 and 1.95 %,
respectively. 25-hydroxyvitamin D (250HD) was deter-
mined by an immunoradiometric assay (Diasorin, Stillwa-
ter, MN, USA), presenting intra- and inter-assay CV of 5.6
and 10 %, respectively. Procollagen type 1 amino-terminal
propeptide (P1NP) (intra and inter coefficients of variation:
1.8 and 2.7 %, respectively) and carboxy-terminal cross-
linking telopeptide of type I collagen (CTx) (intra and inter
coefficients of variation: 4.6 and 4.7 %, respectively), were
both determined by electrochemiluminescence assay
(Roche Diagnostics, Indianapolis, IN, USA).

The participants were instructed to keep their dietary
routine unchanged throughout the study. Daily calcium
intake was estimated by a nutritionist using the 24-h food
intake recall [13] that confirmed a similar calcium intake
among the volunteers (both groups were receiving 600 mg
of calcium/day) and irrelevant vitamin D ingestion from
diet.

The 108 participants (58.8 & 6.4 years) were random-
ized into two groups: Aquatic Exercise Group (AEG),
n = 64, performing 24 weeks of aquatic exercises, and
Control Group (CG), n = 44, with no regular physical
exercises. The study design and the flow of subjects can be
seen in Fig. 1.

Participants of both groups received a daily supple-
mentation of 500 mg of elementary calcium and 1,000 TU

of vitamin D (cholecalciferol), combined in the same pill
(Silicea Handling Pharmacy, Séo Paulo, Brazil). For ethical
reasons, we could not have a control group without any
supplementation; as there were women with osteoporosis in
the groups, we had to treat them with at least calcium and
vitamin D. By the end of the 24-week intervention, from
the first 108 participants, only 100 remained in the groups
(Fig. 1), resulting in an adherence rate of 92.6 % (95 %
confidence interval, 85-98 %).

Exercise intervention

The control group remained sedentary for 24 weeks and at
the end of the study the IPAQ questionnaire’s result
showed that the participants of the CG had the same sed-
entary lifestyle from the beginning.

Volunteers of the AEG attended the aquatic exercise
sessions 3 times a week, for 24 weeks, in a covered
swimming pool, with depth varying between 1.10 and
1.30 m and water temperature between 30 and 31 °C. For
the aquatic exercise sessions no equipment was used and
the sessions lasted from 50 to 60 min, starting with 10 min
of warm-up exercises, then strength/power training, fol-
lowed by cardiorespiratory training, and finishing with
10 min of stretching and balance exercises. As many of the
subjects were not familiar with the aquatic exercises, the
first 4 weeks were designed for their adaptation to the
water characteristics and to the movements’ execution,

Fig. 1 Study design and flow of
subjects of this intervention

Participated in the initial explanatory lecture

134 women

26 excluded
1 in use of bisphosphonate
1 hyperparathyroidism
13 restrictive osteoarthritis
8 personal problems
3 cardiovascular risk

T

Randomization

[

108 pre-tests

Control Group =44
No practice of regular physical exercises for 24 weeks
500mg Calcium Carbonate + 1000IU Cholecalciferol/day

Aquatic Exercise Group = 64
Aquatic Exercises 3 times/week for 24 weeks
500mg Calcium Carbonate + 1000IU CholecalciferoV/day

3 subjects dropped out (6.8%)
1 personal problems
1 moved away from the city
1 died after a vesicle surgery

S subjects dropped out (7.8%)
3 personal problems
1 was run over by a car
1 had a bowel surgery

100 women post-tests

Control Group =41
Aquatic Exercise Group =59
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Table 1 Aquatic exercise periodization during the 24 weeks of the study

Mesocycles ~ Micro Number Number of series  Execution time Recovering period Execution time  Intensity level
cycles of sessions  Strength/power neuromuscular  neuromuscular cardiorespiratory perceived exertion
training
Adaptation Weeks 1-4 12 Adaptation to the water characteristics and to the 5
exercises, breathing and posture techniques
Acquisition 1  Weeks 5-9 15 2 30” Iy 16’ 6
Acquisition 2 Weeks 10-14 15 3 20" 120" 13/ 7
Acquisition 3 Weeks 15-19 15 4 15" 1'30” 9 8
Acquisition 4 Weeks 20-24 15 5 10” 1/40" 7 9

breathing and posture techniques. In this phase they exer-
cised at 55 % of their maximum heart rate (MHR). After
the adaptation period we started the protocol itself that
consisted of four mesocycles of 5 weeks each. The com-
plete aquatic exercise protocol is shown in Table 1.

During the exercise sessions participants of the AEG
were instructed to do each repetition with maximal effort
(without shortening the range of motion) to achieve the
highest possible movement speed and consequent resis-
tance that they could maintain during the entire execution
time. Verbal encouragement was constantly provided by
the instructor during the sessions. Exercise intensity was
controlled by the use of the modified Borg Scale of Per-
ceived Exertion [14]. In addition, heart rate of participants
was monitored by a polar heart rate monitor (FT1 model)
during the aquatic exercise sessions.

During all 24 weeks the neuromuscular exercises were
performed with subjects standing in the pool (feet on the
floor), with water at the chest line, in the following order:
elbow extension/flexion with shoulder abduction, hip
abduction/adduction, shoulder horizontal flexion/extension
with elbow extended, knee extension (high kick)/hip exten-
sion with knee extended. To control the intensity of the
cardiorespiratory exercises the Borg CR10 category scale of
perceived exertion (ranging from O—nothing at all, to 10—
very, very hard) was used (a big panel with the Borg Scale was
disclosed on the wall in front of the pool) along with the mea-
surement of heart rate of the participants during the sessions, as
the following: level 6 in Borg Scale (x~ 60 % of MHR) during
16 min of the session in weeks 5-9, level 7 in Borg Scale
(~70 % of MHR) during 13 min of the session in weeks
1014, level 8 in Borg Scale (~ 80 % of MHR) during 9 min of
the session in weeks 15-19, and level 9 in Borg Scale (x90 %
of MHR), during 7 min of the session in weeks 20-24.

The presence of each volunteer in exercise sessions was
controlled and the least acceptable adherence rate was 85 %.

Markers of bone turnover

For the analysis of the 24-week effects of the aquatic
exercise protocol on bone metabolism, before and after the
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study all the participants had their 8-h fasting morning
blood sample collected for the measures of the iPTH,
together with the PINP (bone formation marker) and the
CTx (bone resorption marker).

Bone mass

Bone mass of lumbar spine (L1-L4), proximal femur and
total body was measured before and after the study by dual-
energy X-ray absorptiometry (DXA), in a Hologic QDR
4500A densitometer (Waltham, MA, USA). This assess-
ment was performed at the Bone Evaluation Laboratory of
the Endocrinology Division at Universidade Federal de Sao
Paulo. In our study the CV % for lumbar spine and total
femur is 1 %, for trochanter is 1.1 % and for femoral neck
is 1.5 % (data not shown). Bone status of participants was
classified according to the World Health Organization [15]
criteria for classification of patients with BMD measured
by DXA: normal (T score —1.0 or greater), osteopenia
(T score between 1-0.0 and 0.2.5) and osteoporosis
(T score 2.5 and below).

Statistical analysis

For all statistical tests, a per-protocol analysis was used and
results were considered significant when p < 0.05. The
Kolmogorov—Smirnov test was used to test the hypothesis
of normality and showed that all analyzed parameters were
normally distributed, so the baseline comparison between
the groups was done using the Student’s 7 test for inde-
pendent samples. The Chi-square test for independence
was used to verify the distribution of bone mass status
(normal, osteopenia and osteoporosis) in the spine and the
femur in both groups, before the intervention. For the
evaluation of bone mass parameters and bone remodeling
markers we used repeated measures analysis of variance
(ANOVA) to determine differences within and between
groups over time. Once we found a significant
(group X time) interaction, then multiple comparisons
were used to establish if and where there was a difference
between the group means.
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Results

The percentage of participants with osteoporosis, osteo-
penia and normal bone mass in spine and femur was
equivalent in the CG and the AEG at baseline (Table 2).

Except for the creatinine, there were no significant dif-
ference in the studied variables between the groups at the
beginning and all subjects presented measures within the
normal range (Table 3).

There was a significant time effect for both groups after the
24-week-supplementation with cholecalciferol (p = 0.001),
showing a 25(OH)D raise by 21 % in the CG and 23 % in the
AEG (58.2 &+ 28.5 and 63.7 £ 31.3 nmol/L, respectively).
As in the beginning, the groups did not differ at the end of the
study (p = 0.265).

Table 2 Participant’s distribution according to bone mass status at
baseline, in both groups

CG (%) AEG (%) p

Lumbar spine

Normal 31.8 343

Osteopenia 59.11 50.1 0.27

Osteoporosis 9.09 15.6
Femur

Normal 84.06 83.8

Osteopenia 11.4 10.8 0.16

Osteoporosis 4.54 5.40

A significant time x group interaction was verified in the
PINP analysis (p = 0.006) and after multiple comparisons
we could observe that only the AEG showed an improve-
ment in this variable (Fig. 2).

A time effect was found (p < 0.001) in the evaluation of
the CTx, revealing that both groups experienced significant
enhancements in this bone resorption marker (15 % in the
AEG, p = 0.019 and 29 % in the CG, p = 0.004). At the
end of the study CTx serum values were slightly lower in
AEG compared to CG, but with only a borderline signifi-
cance (0.379 £ 0.220 and 0.454 £ 0.222 ng/mL, respec-
tively, p = 0.064). A significant interaction effect was
observed for the iPTH (p = 0.003) and further multiple
comparisons demonstrated that after intervention only the
CG increased the iPTH levels (19 %, p = 0.003), although
this increase was not enough to make the groups differ at
the end of the study (AEG: 43.77 £ 17.71 x CG:
5191 £ 25.95 pg/mL; p = 0.069). Nevertheless, total
calcium levels at the end of the study were 9.40 + 0.39 for
the AEG and 9.20 + 0.31 for the CG, with no interaction
effects (p = 0.548), as well as no difference between the
two moments (p = 0.078) or the two groups (p = 0.911).

After the 24 weeks of protocol, there were no BMD
differences within or between the groups in most skeletal
sites, excepted for the trochanter, which showed a signifi-
cant decrease only in the CG. In the evaluation of this
variable the ANOVA showed a significant time x group
interaction effect (p = 0.001) and the multiple compari-
sons demonstrated that while the values were stable in the

Table 3 Baseline measures of

the studied variables in both Variable Control group Aquatic exercise p value
groups (table caption) Age (years) 59.3 (£6.07) 58.6 (£6.71) 0.53
Body mass (kg) 74.04 (£12.65) 73.01 (£15.79) 0.83
Height (cm) 155.8 (£5.92) 156.8 (£6.06) 0.92
Creatinine 0.85 (£0.23) 0.76 (£0.15) 0.02%*
RV: 0.2-1.4 mg/dL
25(OH)D 48.1 £ 19.6 51.8 £25.2 0.42
RV: > 75 nmol/L
iPTH 43.61 (£15.20) 46.62 (£15.54) 0.29
RV: 15-65 pg/mL
Total calcium 9.50 (£0.23) 9.61 (£0.33) 0.06
RV: 8.5-10.5 mg/dL
PINP 56.64 + 24.74 50.48 + 24.44 0.22
25(0H)D 25-hydroxyvitamin D, ~ RV: 20-76 ng/mL
iPTH intact parathyroid CTX 0.352 £ 0.182 0.330 + 0.159 0.12
hormone, PINP procollagen RV: 0.226-1.008 ng/mL
type I amino-terminal LIL4BMD (g/cm?) 0.912 £ 0.150 0.910 + 0.140 0.99
propeptide, CTX carboxy-
terminal cross-linking Femoral neck BMD (g/cm?) 0.813 &+ 0.131 0.820 £ 0.145 0.49
telopeptide of type I collagen, Femoral trochanter BMD (g/cm?) 0.672 %+ 0.09 0.687 & 0.12 0.71
BMD bone mineral density, RV a1 femur BMD (g/em?) 0.900 =+ 0.130 0.910 + 0.140 0.88
reference values >
Total body BMD (g/cm”) 1.030 = 0 12 1.030 + 0.11 0.90

*p < 0.05
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Fig. 2 PINP variation in both groups, before and after the study.
AEG before x after, p = 0.001; CG before x after, p = 0.904.
Groups were similar at baseline, and after treatment there was a
significant 15.8 % increase on PINP only in AEG group

gf/cm? Femoral Trochanter BMD

0.800

0.750

0.700

o83 *p=0.009 A%=-12

0.600

0.550 T

Baseline 6 months

------ Control Group
Aquatic Exercise Group

Fig. 3 Comparison of femoral trochanter BMD between groups,
before and after the study. AEG before x after, p = 0.069; CG
before x after, p = 0.009

AEG, there was a significant reduction in the femoral
trochanter BMD in the CG (Fig. 3).

At the end of study, the L1L4 BMD was 0.912 + 0.150
in the AEG and 0.90 &+ 0.150 in the CG (p = 0.803),
femoral neck BMD was 0.830 & 0.134 in the AEG and
0.799 %+ 0.126 in the CG (p = 0.069), total femur BMD
was 0.911 £ 0.140 in the AEG and 0.890 £ 0.128 in the
CG (p = 0.589) and total body BMD was 1.036 + 0.115
in the AEG and 1.030 £ 0.106 in the CG (p = 0.861).

There were no injuries in the participants that could be
related to the exercise practice.

Discussion
This study presents an aquatic exercise program called

HydrOS, with reference to specific high-intensity aquatic
exercises for the prevention and treatment of osteoporosis.

@ Springer

Analyzing the entire group profile at baseline we can
observe that the prevalence of vertebral osteopenia and
osteoporosis in our group (54.6 and 12.3 %, respectively)
was very similar to the one reported for Latin American
women over 50 years (45.5-49.7 % with osteopenia and
12.1-17.6 % with osteoporosis) [16]. The same compari-
son considering the femur also revealed an analogous
occurrence of osteoporosis (5 % in this study and
7.9-22 % in Latin America), whereas the prevalence of
osteopenia in the femur in our group was lower than the
one previously found in Latin America (11.1 % X
46-57.2 %, respectively). Showing that the bone status of
the femur in our volunteers was better than the average
reported for Latin American older women.

The HydrOS program significantly changed bone
remodeling markers in the participants who exercised
gradually changing the intensity from moderate (levels 6-7
at Borg CR10 Scale or 60-70 % of MHR) to high (levels
8-9 at Borg CR10 Scale or 80-90 % of MHR). A signifi-
cant increase in bone resorption marker (CTx) was
observed in both groups after 24 weeks. As CTx is one of
the bone markers that most increases during the first years
after menopause [17], the fact that the studied group was
not so old (58.8 &+ 6.4 years) might have contributed to
this high bone turnover. Also, the participants were not
engaged in any treatment that could benefit bone metabo-
lism, apart from calcium and vitamin D supplementation.
The CTx raise in the AEG (15 %) was smaller than the one
in the CG (29 %), almost reaching statistical significance.
The increase in CTx can be in part due to seasonal variance
described by others, once the protocol began in the summer
and finished in the winter, and the CTx increase could be
following some PTH oscillation [18], despite the vitamin D
supplementation. Moreover, some authors found that,
regarding bone metabolism response to a power exercise
training, it is assumed that bone resorption does not play a
major role; on the contrary, the benefits for BMD occur by
promotion of bone formation [19]. After the aquatic exer-
cise intervention the treated group showed a 15.8 %
increase of the bone formation marker (PI1NP), with no
changes observed in the CG. Contrarily, other authors
showed that in situations in which bone formation markers
decreased or did not change, bone resorption probably
makes a difference in bone health. Klentrou et al. [20]
analyzed the effects of 12 weeks of moderate multimodal
exercise training using weighted vests on bone turnover of
postmenopausal women and found that the bone resorption
marker (NTx) significantly decreased by 14.5 % in the
exercise group, with no significant changes in bone for-
mation marker osteocalcin (OC). In another study [4],
moderate walking exercise in postmenopausal women with
osteopenia/osteoporosis also led to a decrease in the NTx
followed by a decrease in the serum bone-specific alkaline
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phosphatase (BAP). Although bone formation marker was
reduced, the decrease in bone resorption marker was
reflected in an improvement in lumbar BMD of the exer-
cise participants. This study supports the idea that a
reduction in the bone resorption markers, even without an
increase in the bone formation ones, can improve BMD
status in postmenopausal women. In our study, although
the intervention did not decrease bone resorption markers,
we could observe a less expressive increase in this
parameter when compared to the CG.

Vincent and Braith [21] examined the effect of 6 months
of high- or low-intensity resistance exercise (50 and 80 %
of 1 maximum repetition, respectively) on BMD and bio-
chemical markers of bone turnover in adults aged
60-83 years. BMD of the femoral neck significantly
increased by 1.96 % for the high intensity exercise group.
No other significant changes in BMD were found. Also in
this study, OC increased by 25.1 and 39.0 % for low- and
high-intensity exercise, respectively. BAP significantly
increased by 7.1 % only for the high-intensity exercise
group and no changes were seen in the marker of bone
resorption (serum pyridinoline cross-links) in any of the
groups. As in our study, the kind of physical activity that
seems to most stimulate bone formation markers is high-
intensity exercise.

At the end of our study, we could observe a 1.2 %
decrease in the femoral trochanter BMD in the CG, so
susceptible to fractures, while the AEG preserved BMD at
this bone site. The increase in bone formation marker, as
well as a less expressive bone resorption rate compared to
the CG, contributed to the maintenance of the femoral
trochanter BMD in the AEG, in just 24 weeks. For such a
short period of observation, it was unexpected to detect any
significant variation on BMD. In fact, our results showed a
decrease in trochanter BMD only for the control group,
which was reinforced by an almost significant decrease in
femoral neck BMD in the same group. According to some
studies, it appears that the femoral trochanter might be
more sensitive to mechanical load than other proximal
femur regions. Marques et al. [22] observed that older
women who participated in an 8-month resistance exercise
intervention, 3 times a week, showed a better improvement
in the trochanter BMD (2.9 %) than the one observed in the
total hip BMD (1.5 %). Recently, the same group exam-
ined the effects of 32 weeks of exercise training on the
BMD and other parameters of forty-seven healthy older
adults (women = 24, men = 23; mean age 068.2 years)
who participated in an exercise intervention (60 min/ses-
sion) that included resistance exercise training (2 days/
week) at 75-80 % of maximum plus a multicomponent
weight-bearing impact exercise training (1 day/week).
Again, after 32 weeks, results showed a significant
improvement in trochanter BMD (0.7 %), with no change

in femoral neck BMD. In our study, if the intervention
duration were longer maybe we could see some changes in
femoral neck or total hip BMD.

Our results showed no gain in lumbar spine BMD after
the exercise protocol. Corroborating our findings, Martyn-
St and Carroll [23] published a meta-analysis including
only randomized controlled trials and a random-effects
model and found out a little but significant exercise effect
on femoral neck BMD (0.004 g/cmz), whereas no statisti-
cally significant benefit was observed at the lumbar spine in
postmenopausal women. In another study [24], although a
significant exercise effect was observed both at femoral
neck (g = 0.29) and lumbar spine BMD, (g = 0.18),
results were more convincing for femoral neck BMD.

Contradicting our results, in 1994, Goldstein et al. [25]
conducted one of the first studies aiming to use water
resistance as a bone load. Sixty-four postmenopausal
women were divided into water and land exercise groups.
The protocol consisted of 5 months of aquatic exercises, 3
times a week, with sessions of 45 min (10 min of warm-up,
25 min of weight training and 10 min of cool-down and
stretches). Bone density was measured at the distal end of
the radius and in the wrist, using Compton Scattering
Technique. At the end of the study, results showed no
difference in bone density in the land exercise group and a
1 % significant increase in the water exercise group.
Nevertheless, a major limitation of this study was that there
was no control of the physical activities performed by the
participants outside the study; consequently the results
might not have been due to the intervention. Also in 1994,
Tsukahara et al. [26] found that the BMD of the lumbar
spine in women trained with water exercises (35.2 months
of practice) was significantly higher than that in women
initiating in this activity (3 or 4 weeks of practice) and the
control group (sedentary). The participants trained in water
showed a 1.55 % enhance in spinal BMD whereas the
control group presented a 0.92 % decline. Again, the lim-
itation of this study was the lack of control of the further
physical activity in which the participants might have
participated, a bias that prevents us from relying on the
results.

It is important to point out that the improvement in bone
metabolism and bone mass observed in our study was not a
result of impact exercises in the pool, but a consequence of
resistive muscle training against water resistance. Bravo
et al. [27], in 1997, studied the effects of successive jumps
and endurance exercises (low to moderate intensity) on
seventy-seven postmenopausal women (50-70 years) dur-
ing 12 months of waist-high water exercise sessions, 3 days
a week, and found a significant decrease in spinal BMD and
no significant change in femoral neck BMD. The level of the
water (waist line) made the exercises much easier in terms of
resistance than they could be if it were on chest line, due to
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the lack of water mass resisting against the participants’
movements around the upper body. In addition, the exercises
of the aquatic protocol were based on land exercises, not
adapted to the water’s characteristics.

As in our study, two earlier researches evidenced the
positive effects of aquatic exercises on femoral bone mass.
Littrell et al. [28] compared the BMD (spine, hip and femoral
neck) of 59 postmenopausal women, before and after a
12-month aquatic exercise program, consisting water exer-
cise classes, 3 times a week, at moderate to high intensity.
Results revealed that over the 12 months, femoral neck
BMD decreased 1.7 % in controls (p < 0.01) and did not
change in exercisers (p = 0.98). The same way, Harush et al.
[29] studied 35 postmenopausal women (55.45 +
3.97 years) over a 7-month period of a water training pro-
gram that included three 1-h sessions per week. Although no
significant differences in bone density were found in the
vertebrae for the experimental and the control groups, a
significant interaction was found between the variables Time
and Group for all four measures of BMD, BMC, T Score and
Z Score, indicating that water exercise had a positive effect
on bone density and allowed women in the experimental
group to preserve bone density in comparison to the control
group. On the other hand, for hip bone density a significant
interaction was found between the variable Time and the
variable Group only for BMC in the right leg (p < 0.01).

Recently, Ay and Yurtkuran [30] studied hormonal
markers (insulin-like growth factor-1, growth hormone and
calcitonin) together with calcaneous ultrasound in post-
menopausal women and observed a positive effect of an
aquatic exercise program on these variables. These results
made the authors conclude that aquatic resistance exercise
can maintain BMD in postmenopausal women.

Our findings suggest that improvement in the bone for-
mation marker found in the AEG, along with the attenuated
bone resorption raise, were reflected into the preservation of
the femoral trochanter BMD at the end of the study in this
group, while a significant bone loss was detected in the CG in
this bone site. The mechanism by which exercise stimulates
bone formation is not completely identified yet, although it is
already known that impact as well as resistance exercises
may have a positive effect on bone mass. In a meta-analysis
on the effects of impact exercises on bone mass of post-
menopausal women, the authors observed that exercise
programs that combine impact activities such as jumping,
jogging and climbing stairs are effective in preserving bone
mass in hip and spine, especially if combined with other less
demanding multi-directional impact exercises, like squash
and soccer [23]. Along with impact loads, the resistance
exercises are considered as another way of mechanically
stimulate bone mass, once BMD can be increased by an
improved muscle contraction, via the stimulation of bone
formation and a possible inhibition of bone resorption [31,
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32]. Many studies have reported that non-impact resistance
exercises (weight-lifting), that require a great amount of
muscle tension, can maintain and even increase the BMD of
postmenopausal women [33, 34]. In our study, as the par-
ticipants exercised in chest-high water the impact on bones
was greatly minimized. However, the resistance imposed by
water during the execution of the high-speed movements
might have been enough stimuli for the bone metabolism of
the studied women.

It has already been reported that exercise performed at
high speed is more effective in terms of bone stimulation
than the same exercise executed in slow motion [35]. Bone
osteogenic response is incremented by just a few loading
cycles if loading forces are high, applied at a fast rate and
through a multidirectional odd strain distribution [36, 37].
Robling et al. [38] explained that exercises which involve
forceful muscle contractions, but with few repetitions (as in
the HydrOS program), target type II or fast twitch muscle
fibers and have the potential to promote osteogenesis.

There are three noteworthy limitations of this study. The
first limitation concerns the comparison of the bone markers’
results in our study to results of other studies on land exer-
cises, as we found no other research on aquatic exercises and
bone remodeling; this might have harmed the correct
understanding of bone metabolism response after the pro-
posed aquatic exercise program. A second limitation would
be the short duration of the exercise program (24 weeks).
Regarding the femoral trochanter BMD, if we had had a
1-year or longer duration exercise program, maybe we would
have seen significant changes in the AEG. And finally, the
third limitation of this trial would be the fact that, for ethical
reasons, we could not have a control group without any
calcium + vitamin D supplementation. If this could be
possible we would certainly have a better understanding of
the isolate effects of the supplementation on the measured
variables.

We conclude that the HydrOS program was safe and
efficient in attenuating the raise in bone resorption marker
and increasing bone formation marker, which prevented the
participants of the AEG from reducing the femoral tro-
chanter BMD, as happened in the CG.
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