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Effect of exercise training programme on bone
mineral density in novice college rowers
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Exercise has important effects on skeletal mineralization.
Changes in bone mineral density (BMD) and bone mineral
content (BMC) as measured by dual energy X-ray
absorptiometry were investigated in a group of 17 male
novice college oarsmen over a 7-month period and were
compared with eight age-matched controls. The rowing
training programme consisted of approximately 8h row-
ing, 1 h weight training, and 1 h running per week. After
7 months training the mean BMD of the lumbar spine
(Li-L4) had increased significantly by 2.9% (P< 0.001) and
the mean BMC had increased by 4.2% (P< 0.001). There
was no significant change in the control group. Neither
group showed a significant change in BMD or BMC in the
femoral neck, greater trochanter or Ward's triangle. This
study provides further evidence that exercise plays an
important role in bone mineral formation.
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Bone is a metabolically active tissue with continuous
remodelling occurring throughout life. Although it
has been noted for some time that athletes have a
greater bone mineral density (BMD) than the normal
population" 2, the role of exercise in bone mineraliz-
ation is only recently being understood. The effects of
exercise on BMD appear to be related to the mechani-
cal stresses applied with maximal BMD in those
regions of maximal stress2' 3. For example, previous
cross-sectional studies involving tennis players have
demonstrated cortical hypertrophy and increased
BMD in the playing arms4 5. Others have shown
increased BMD in the os calcis of runners6 and the
lumbar spine of weightlifters7. There is also evidence
that BMD is a function of muscie strength7-10.
Snow-Harter et al. examined BMD in relation to
musde strength in young to middle-aged men and
concluded that muscle strength did indeed make
important contributions to BMD"1. Doyle et al.
demonstrated a significant correlation between the
weight of the psoas muscle and the ash-weight of the
third lumbar vertebral body in cadavers, thus
indicating the close relationship that exists between

functional loading and the adaptive response of
bone7.

Longitudinal studies in women have shown
significant increases in BMD with exercise'2. In an
investigation involving pre-menopausal women,
Gleeson et al. reported a significant difference in the
percentage change of lumbar BMD in exercising
women versus controls'3. Many interventional exer-
cise studies have demonstrated increased BMD in the
lumbar spine8 11- femu?",11 tibia'6 calcaneum6
and radius'2 17; other studies however have not
supported these findings18' 19. A study by Smidt et al.
found no difference in BMD of the lumbar spine or
upper femur following 1 year of high intensity trunk
exercise in postmenopausal women20. The extent of
weight bearing seems to play a role although, in one
recent non-weight bearing exercise study, Bloomfield
et al. were still able to demonstrate an increase in
bone mineral without the effects of gravity21.
Rowing is a sport which uses many of the large

trunk musdes. Electromyographic studies of the
muscle groups used during rowing have shown that
maximum levels of activity occur in the sacrospinalis
group during the end of drive phase of the rowing
stroke22. The thigh muscles also play an important
role in the biomechanics of rowing, with the
quadriceps contributing during the early and mid
drive phases and the hamstrings contributing during
the recovery phase22. As significant correlations have
been found between spinal and femoral BMD and the
isometric strength of back extensors'0 and knee
extensors23, we decided to investigate whether
rowing a sport which uses these large muscle
groups, could affect bone mineralization in these
regions.

Materials and methods
The subjects recruited for this study were white
healthy college age men from the University of
Cambridge. Participation in the study was voluntary.
To enhance compliance with the rigorous training
programme the two groups were determined by
personal choice rather than random assignment. The
rowing group consisted of 17 highly motivated
individuals from the men's novice rowing team. This
group participated in a 7 month training programme
consisting of approximately 8 h rowing per week, 1 h
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weight-training per week (emphasizing those mus-
cles used in rowing), and 1 h running per week. The
control group consisted of eight age-matched men.
None of the subjects were reportedly taking any
medication known to influence bone mineralization.
Nutrition was not specifically controlled although all
participants lived in college accommodations with
similar dietary options. None of the subjects had
previous rowing experience. No-one was restricted
from participating in other forms of exercise, and all
were encouraged to continue with their current
lifestyle. Ethical permission and informed consent
were obtained prior to the start of the study.

Dual-energy X-ray absorptiometry (DXA) is now
widely used in clinical practice for the quantitative
assessment of bone mineralization in metabolic bone
disease24,25. This technique has been shown to be a
precise and accurate means by which BMD and BMC
may be measured26-28. The primary areas studied
with DXA are the femoral neck and lumbar spine. At
the commencement of the study and 7 months later,
BMD and BMC of the lumbar spine (L1-L4), right
femoral neck, greater trochanter, and Ward's triangle
were measured in both groups using a Lunar DPX
dual-energy X-ray absorptiometer (Lunar Radiation,
Madison, Wisconsin, USA). The precision when
measuring BMD in our hospital as published pre-
viously is 1.2%, 2.5%, 2.2% and 3.7% coefficient of
variation for the spine (L2-L4), neck of femur, greater
trochanter, and Ward's triangle respectively29. Quali-
ty controls were carried out daily according to
manufacturer's instructions.
Demographic characteristics were analysed using

unpaired Student's t tests to compare descriptive data
between groups. Paired Student's t tests were used to
analyse BMD and BMC within groups. One-way
analysis of variance (ANOVA) was used to examine
differences in BMD between the groups30.

Results
All 25 subjects completed the study. The demo-
graphic characteristics of the exercising and control
groups at commencement of the study are listed in
Table 1. There were no statistically significant
differences between the groups in age, height,
weight, BMD or BMC upon entry into the study.
After 7 months there was no significant change in the
mean body weight of the rowing group. The mean
weight of the controls had increased by an average of
0.62 kg per person (P < 0.05). There was no statistical-
ly significant differences between the groups.
BMD and BMC results are summarized in Tables 2

and 3 respectively. At the end of the study, the
mean(s.d.) lumbar BMD of the rowing group had
increased significantly by 2.9%(2.0, P < 0.001). While
that of the control group had increased by 0.99%, this
was not found to be statistically significant. The BMD
in the femoral neck, the greater trochanter, and
Ward's triangle did not change significantly in either
group.
The mean(s.d.) BMC in the lumbar spine of the

exercising group increased significantly by
4.2%(2.9%, P < 0.001) while there was a non-
significant increase of 2.3% in the control group.

Table 1. Demographics of rowing and control groups

Rowers (n = 17) Controls (n = 8)

Age (yr) 19.5(2.4) 19.3(1.6)
Height (cm) 182.8(5.7) 180.3(9.4)
Weight (kg) 74.4(6.0) 71.9(4.2)

All values are mean(s.d.)

Table 2. Bone mineral density (BMD) of lumbar spine and femur
before and after 7 month rowing programme

Before training After training %Change

Lumbar spine (L1-L4)
Rowers 1.199(0.154) 1.234(0.148) +2.90%(2.0)*
Controls 1.203(0.128) 1.215(0.115) +0.99%(2.3)t

Femoral neck
Rowers 1.18(0.172) 1.179(0.176) -0.09%(3.3)t
Controls 1.20(0.142) 1.209(0.123) +0.75%(2.8)t

Greater trochanter
Rowers 1.045(0.189) 1.047(0.172) +0.19%(0.9)t
Controls 1.018(0.137) 1.030(0.132) -1.20%(2.8)t

Ward's triangle
Rowers 1.114(0.194) 1.116(0.204) +1.75%(5.7)t
Controls 1.109(0.124) 1.140(0.121) +3.10%(2.3)t

All values are mean(s.d.) BMD in g/cm2 (n = 17 for rowers; n = 8
for controls); *P< 0.001; tnot significant

Table 3. Bone mineral content (BMC) of lumbar spine and femur
before and after 7 month rowing programme

Before training After training %Change

Lumbar spine (L1-L4)
Rowers 77.5(15.2) 82.86(15.23) +4.2%(2.9)*
Controls 76.61(10.25) 78.42(9.29) +2.3%(3.0)t

Femoral neck
Rowers 6.55(1.16) 6.58(1.21) +0.5%(3.4)t
Controls 6.25(0.38) 6.36(0.72) +1.8%(1.8)t

Greater trochanter
Rowers 15.46(3.68) 15.88(3.56) +2.7%(6.9)t
Controls 15.94(3.57) 16.23(3.41) -1.8%(5.5)t

Ward's triangle
Rowers 3.77(0.97) 3.89(1.11) +3.2%(6.3)t
Controls 3.36(0.49) 3.53(0.59) +5.1 %(3.8)t

All values are mean(s.d.) BMC in grams (n = 17 for rowers; n = 8
for controls); *P< 0.001; tnot significant

Again there was no significant change in the femoral
neck, Ward's triangle, or greater trochanter in either
group. There was no significant change in bone area
in either group at any of the sites.
As determined by ANOVA, there were no statistic-

ally significant differences in lumbar or femoral BMD
between the groups at any time during the study.

Discussion
The major mechanical stimuli for skeletal mineraliza-
tion include muscle strain and gravity. It has been
shown experimentally that strain is a stimulus for
load-related bone remodelling and that there is an
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increasing osteogenic response to progressively in-
creasing load31. The purpose of this study was to
determine whether an intensive rowing training
programme could elicit a similar osteogenic response
in young male athletes. Our findings indicate that the
BMD and the BMC of the lumbar spine did indeed
increase over a relatively brief 7 month period of
training. This supports the correlation found pre-
viously in a cross-sectional study by Wolman et al. in
which they demonstrated increased spinal trabecular
bone density in elite women rowers32. It is in
contrast, however, to the results demonstrated by
Smidt et al.20. We believe that the response seen in
this study occurred because of the strain placed on
the lumbar vertebrae by the sacrospinalis muscle
group during the drive phase of the rowing stroke,
although it is possible that weight-training and
running also contributed.

It is somewhat surprising that this study detected
no significant change in the femoral BMD with
exercise as the muscles of the thigh contribute a major
component of power during rowing. During the
drive phase of the rowing stroke, the quadriceps
muscle group contracts, while the hamstrings play an
important role during the recovery phase. One
explanation may be that the strain on the proximal
femur during rowing may have been inadequate to
elicit a significant osteogenic response. It is possible
that rowing may not produce the same absolute
forces through the hip joint as in other exercises.
Cavanagh et al. have shown peak loads as measured
under the feet to be over five times greater during
running (Fmax 1628.4N) than during rowing (Fmax
307.3N)33. In contrast with running, where loading is
directly through the neck of the femur, when seated
much of the gravitational force is displaced through
the ischial tuberosities34. Thus, during the drive
phase of the rowing stroke, maximal force on the
proximal femur is exerted almost exclusively by
muscle activity without gravitational contributions,
and as such may not exceed the threshold necessary
to cause a significant osteogenic response.

It has also been shown previously that cortical bone
has a relatively slower metabolic response to stress
than trabecular bone20 35, and as such it is certainly
plausible that while the duration of the study allowed
us to measure trabecular changes in the spine it
prevented us from detecting slower cortical adapta-
tions in the femur. Ideally, there would have been a
longer period of follow-up, but this was limited
somewhat by the relatively short novice rowing
season. It has been shown that skeletal response to
applied load maybe greater in younger than in older
individuals12 36,37 which may help to explain why
we found a significant change in BMD and BMC
during the relatively brief training period.
A third explanation for the lack of a significant

femoral response may be the relatively lower
precision of dual-energy X-ray absorptiometer in
measuring BMD in this region. As the Lunar DPX is
two to three times less precise in the proximal femur,
it may have failed to detect subtle changes in femoral
BMD29.
We believe that it is unlikely that other factors

known to be important in skeletal mineralization,

such as genetics and nutrition, played a significant
role in this study. With regard to genetics for
instance, the two groups were rather homogeneous,
and there was no significant difference between
groups in BMD or BMC at the start of the study. As
there is evidence that diet, particularly dietary
calcium, can influence bone mineralization '9, ideal-
ly the nutritional intake in the two groups would
have been identical. Although all the subjects had
similar dietary options, it is possible that their actual
nutritional intake differed. We believe however that it
is unlikely that these two factors played major roles in
this study as we found a localized increase only in the
lumbar spine, the area of maximal mechanical stress,
without significant changes in the femur. If there has
been some genetic or nutritional effect we believe this
would have been reflected by changes in the femur as
well. Moreover, it is unlikely that body weight played
a significant role as the weight of the exercising group
did not change significantly while that of the control
group increased slightly. As increased weight is
generally correlated with increased skeletal mass',
we would have expected to find increased bone
mineral in the control group.
The types of exercise that maximize bone formation

are yet to be determined. In theory, the regimen is
likely to be one that exposes the skeleton to high
strains at high strain-rates in a variety of distribu-
tions41. The results of this study support the theory
that exercise is a significant stimulus for osteogenesis
and give further evidence that mineralization is
related to mechanical loading. Further research is
certainly merited so that we may gain a better
understanding of the exact mechanism by which
exercise stimulates bone formation as well as which
form promotes optimum mineralization.
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