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Bone mineral density in professional female
dancers

N Keay, I Fogelman, G Blake

Abstract
Objectives-To measure the long term
effects ofdance training and the contribu-
tion of the timing and duration of any
menstrual disruption on bone mineral
density (BMD).
Design-Measurement ofBMD in 57 pre-
menopausal, previously professionally
dance trained women and the relationship
to menstrual and training history.
Main outcome measures-Bone density
measurements at lumbar spine and femo-
ral neck by dual energy x-ray absorptio-
metry.
Results-The average Z score for BMD at
the lumbar spine in the amenorrhoeic
dancers was significantly below that for
the normal population. The average Z
score for BMD at the femoral neck in the
eumenorrhoeic dancers was significantly
above that for the normal population.
There was a significant difference between
the average Z score for BMD at both the
lumbar spine and femoral neck between
the amenorrhoeic and eumenorrhoeic
dancers. Significant negative relation-
ships were found between BMD at the
lumbar spine and (1) age at menarche, (2)
duration of amenorrhoea, (3) BMD at the
femoral neck, and (4) the variable of ideal
minus lowest weight, which was independ-
ent of amenorrhoea. No significant rela-
tionships were found between duration of
oral contraceptive pill usage and BMD at
either the lumbar spine or the femoral
neck in eumenorrhoeic or amenorrhoeic
dancers. In order to quantify the effect ofa
combination of these significant factors, a
model of BMD was constructed using
multiple regression incorporating the
variables duration ofamenorrhoea, age at
menarche, and ideal minus lowest body
weight. In this model 11 was 33.6%, in
other words 33.6% of the total variation in
the Z score for BMD at the lumbar spine
could be accounted for by these factors.
Conclusion-Professional female dancers
with a history of delayed menarche and
amenorrhoea have been identified as
another group of premenopausal women
potentially at risk of developing osteo-
porosis because of a decrease in BMD at
the lumbar spine. The femoral neck in
dancers with a history of amenorrhoea
was partially protected from loss ofBMD
by virtue of being the major weight
bearing site in previous dance training,

and in eumenorrhoeic dancers BMD was
significantly increased at this site.
(BrJ Sports Med 1997;31:143-147)
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Osteoporosis is a common condition, usually
occurring in postmenopausal women, and is
accompanied by significant morbidity and
mortality. Prediction of those at risk is
therefore important in order for preventive
measures to be instituted.'
Although weight bearing exercise increases

bone mineral density (BMD), intense training
coupled with an energy restricted diet may
result in amenorrhoea in young women: one
third of professional dancers are
amenorrhoeic.' This hypo-oestrogenic state
outweighs the benefit of exercise, and a reduc-
tion in BMD is seen in amenorrhoeic women in
training, compared with their eumenorrhoeic
counterparts, a phenomenon originally de-
scribed ten years ago3 and now well
established.4
Reduced BMD in such exercising amenor-

rhoeic women can result in an immediate risk
of fracture.' This leads to the hypothesis that, if
the reduction in BMD is irreversible, then
there may exist an increased risk of early osteo-
porosis in later life. However, until now no
studies have been possible to assess fully the
long term effects on BMD, as athletic amenor-
rhoea is a relatively new phenomenon associ-
ated with recent increased training levels in
women. Studies have therefore concentrated
on young women still in training, with a short
follow up period: 15 months6 and 24 months.7
Although BMD has been measured in a small
group of 14 older retired dancers,8 menstrual
and dance training history were not recorded, so
the long term effect ofamenorrhoea or any other
relevant factors on BMD later in a dancer's
career has not yet been assessed.
The aim of the present study was to quantify

the long term effects of dance training and the
contribution of the timing and duration of any
menstrual disruption on BMD in order to
identify whether any aspects of such training
may influence the risk ofdeveloping osteoporo-
sis. This was achieved by measuring BMD in a
group of professionally trained female ballet
dancers and relating the measurements to
menstrual and training history.

Methods
A group of 57 women who had followed
professional dance careers were studied. All
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Table 1 Demographic details ofsubjects; range in parentheses

Amenorrhoeic Eumenorrhoeic Oligomenorrhoeic
All subjects subjects subjects subjects

Number 57 38 12 7
No of classical dancers 48 34 12 2
No of contemporary dancers 9 4 0 5
Curent age (years) 36 (25-50) 35 (23-50) 40 (31-49) 34 (26-44)
Age at menarche (years) 13.5 13.8 13 13.4
Length of career (years) 11.1 (3-29) 10.8 (4-23) 12.5 (6-29) 10.6 (3-23)
Years since retiring 9.6 (0-26) 8.7 (0-30) 13.7 (5-26) 7.4 (5-17)
No still dancing 7 7 0 0
Current weight (kg) 55 54 57 55
Current height (cm) 164 163 164 166
Ideal - lowest weight (kg) 10.5 11.3 8.8 8.7
No taken OCP* 35 23 9 3
Duration ofOCP (years) 3.5 (0.5-27) 2.5 (0.5-27) 8 (1-24) 1.4 (1-5)
Average Z score for BMD at lumbar spine -0.19 -0.49 0.2 0.79
Average Z score for BMD at femoral neck 0.148 -0.07 0.77 0.28

* OCP = oral contraceptive pill.

were premenopausal, with a minimum age of
23 years. Women were excluded if they had
undergone an hysterectomy and/or oophorec-
tomy, suffered any significant diseases, or
received any treatment likely to affect calcium
metabolism (apart from the oral contraceptive
pill).

All the women had BMD scans of the
lumbar spine and femoral neck on a Hologic
QDR-2000 bone densitometer. In addition,
they were all interviewed by questionnaire to
obtain information on dance training, weight
changes, and menstrual pattern.
The relationship of dance training and men-

strual pattern to Z score for BMD were
assessed assuming the null hypothesis and
using a one sided t test. Results with P values
less than 0.05 were considered to be signifi-
cant. The Z score for BMD was used, as this is
an age matched measure and thus the relative
value for dancers of different ages could be
compared. Multiple regression analysis was
then used to build a model incorporating the
significant variables found to influence the Z
score for BMD.

Results
Table 1 shows the demographic details of the
subjects, classified according to menstrual sta-
tus. The criterion for amenorrhoea was ab-
sence of periods for more than 3 months, and
the criterion for oligomenorrhoea a cycle of
more than 32 days.9
The important results are that the majority

of dancers were classical (ballet) dancers and
50 of the total of 57 had retired an average of
9.6 years previously, with a current average age
of 36 years.
Comparing the different menstrual groups,

the dancers who had experienced amenorrhoea
during their careers had also experienced the
greatest decrease from their ideal weight. Con-
sidering the bone density results, the following
were significant. (1) The average Z score for

Table 2 Amenorrhoeic subjects, range in parentheses

Number 38
Number with continuous amenorrhoea 34
Number with episodic amenorrhoea 4
Average length of amenorrhoea (years) 3.5 (05-13)
Number still amenorrhoeic 5
Number still amenorrhoeic and in traiing 5
Average number of years since amenorrhoeic 12.6 (0-29)

BMD at the lumbar spine in the amenorrhoeic
dancers was significantly below that for the
normal population (P<0.01). The average Z
score for BMD at the femoral neck of these
dancers was not significantly different from
that of the normal population. (2) The average
Z score for BMD at the femoral neck in the
eumenorrhoeic dancers was significantly above
that for the normal population (P<0.01). The
average Z score forBMD at the lumbar spine of
these dancers was not significantly different
from that of the normal population. (3) Com-
paring the amenorrhoeic and eumenorrhoeic
dancers, there were significant differences in
the average BMD measurements at both sites.
The average Z score for BMD at the lumbar
spine in the amenorrhoeic dancers was signifi-
cantly lower than that for the eumenorrhoeic
dancers (P<0.025). Secondly, the average Z
score for BMD at the femoral neck in the
eumenorrhoeic dancers was significantly
higher than that for the amenorrhoeic dancers
(P<0.025).
The small number of oligomenorrhoeic

dancers made it difficult to analyse statistically
and this will be considered in the Discussion.

Table 2 gives details of the 38 amenorrhoeic
dancers. Most had experienced continuous
amenorrhoea for an average of 3.5 years. The
timing of the amenorrhoea related to when
they had been in training, on average 12.6 years
previously. Thus most had resumed normal
menstruation at the time of the study, and the
five dancers who continued to be amenor-
rhoeic were the only subjects in the whole study
who were still dancing. Amenorrhoeic dancers
who had taken the oral contraceptive pill had
tended to do so after experiencing amenor-
rhoea.

Significant negative relationships were found
between BMD at the lumbar spine and the fol-
lowing. (1) Age at menarche (P<0.01). This
relationship was not significant for the femoral
neck, although the trend at this site was in the
same direction (fig 1). (2) Duration of amenor-
rhoea (P<0.001): one year of amenorrhoea
resulted in a reduction in BMD by 0.1-0.2
SDs, with 90% confidence. The trend at the
femoral neck was in the same direction, but less
pronounced (P<0.005) (fig 2). (3) The vari-
able of ideal minus lowest body weight
(P<0.001). This relationship was not signifi-
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3.0 - years of oligomenorrhoea and BMD at either
the femoral neck or lumbar spine.

2.5 Thus certain variables appear to demon-
2.0 - * strate some explanatory power in relation to

1.5 - the Z score for BMD. In order to quantify

1.0 * whether a particular combination of variables
gives an even better explanation of the Z score

0.5 for BMD, a model of BMD was constructed
o.C using multiple regression incorporating the

-0.5 most significant variables that influenced the Z
L.0 t *score of BMD at the lumbar spine. The best

-1.0 + model included the variables duration of

-1.5 - t * * amenorrhoea, ideal minus lowest weight, and
-2 0 - * age at menarche. The correlation factors

I5| I I I between these variables confirmed that they
*58 9 10 11 12 13 14 15 16 17 wereindependentofeachother.

Age at menarche (years) In this model, l( was 33.6%, in other words

We 1 Z score ofBMD at the lumbar spine plotted against age at menarche. 33.6% ofthe total variation in the Z score at the
lumbar spine could be accounted for by these

3.0 - variables. The regression equation was found

2.5 to be: Z = 3.15 - O.1OA - 0.07W - 0.17M,
where Z = Z score for BMD of the lumbar

2.0 spine, A = years of amenorrhoea, W = ideal -

1.5 lowest weight, and M = age at menarche. The

1.0 values of A, W, and M for individual dancers

015 1 can be entered to predict the Z score for the
°53 BMD at the lumbar spine.

m- _.5' A

fl in Discussion
BMD AND MENSTRUAL PATTERN

Menarche
I I I A significant negative relationship was found

2 4 6 8 10 12 14 withBMDatthelumbarspine:thelatertheage
Length of amenorrhoea (years) at menarche, the lower the Z score for BMD.

Z score ofBMD at the lumbar spine plotted against years of amenorrhoea. This implies that delayed menarche and any
primary amenorrhoea have an important effect
on BMD in later life, probably by affecting the
attainment ofpeak bone mass. The importance
of peak bone mass on adult BMD has been

l -* suggested in review articles,'0 11 and osteopenia
has been described in men who experience

l _* delayed puberty.'2 However, no studies to date
have found a direct link between age at

l + * .menarche and Z score for BMD, so this is a
* * *j new findingfrom this study.

V V- . A

* , .* ,

5 10 15 20 25

Ideal minus lowest body weight (kg)

Figure 3 Z score ofBMD at the lumbar spine plotted against ideal minus lowest body
weight.

cant at the femoral neck and was independent
of amenorrhoea (correlation 0.33). Ideal body
weight was calculated using the formula BMI =

W/H2, where BMI (body mass index) was taken
as 20, and H (height) was known from
measurement (fig 3).
No significant relationships were found

between the following variables: (1) duration of
oral contraceptive pill usage and BMD at either
the lumbar spine or the femoral neck in either
amenorrhoeic or eumenorrhoeic dancers; (2)

Amenorrhoea
The amenorrhoeic dancers had significantly
reduced BMD at the lumbar spine compared
with the normal population and with the
eumenorrhoeic dancers; however, the BMD at
the femoral neck was not significantly reduced.
This demonstrates that amenorrhoea in danc-
ers has a greater adverse effect at the lumbar
spine than at the femoral neck, suggesting that
the former site is more sensitive to the
hypo-oestrogenic state of amenorrhoea. The

decrease in BMD caused by amenorrhoea was

quantified, as the duration ofamenorrhoea was
found to have a significant negative relationship
to BMD at the lumbar spine. Although 33 of
the 38 dancers with a history of amenorrhoea
had resumed menstruation on average 12.6
years previously, the fact that their lumbar
BMD was still reduced suggests a long term
effect of amenorrhoea.

Bone mineral density in dancers

._
U,

L-

CO

.0
E

m
Co
0
0

0
0
U,

N

Figur

(a
.0
E
-W
co
n~

IW
-, .up

en -*.-U

-2.0

-2.5 C

Figure 2

a,
c
._

(U
.0
E
-W

m
Co

am0
0
Co
N

3.0

2.5

2.0

1.5

1.0

0.5

0.0

-0.5

-1.0

-1.5

-2.0

-2.5

Ia

.



Keay, Fogelman, Blake

OTHER FACTORS
Dance training
The eumenorrhoeic dancers had significantly
increased BMD at the femoral neck compared
with both the normal population and amenor-
rhoeic dancers. This suggests that the femoral
neck rather than the lumbar spine is the site
that benefits most from the weight bearing
nature of dance training. This explains why the
amenorrhoeic dancers exhibited reduced
BMD at the lumbar spine, but not at the femo-
ral neck. This site specific effect of dance train-
ing is consistent with the results of another
study.13 However, that study involved actively
training dancers who demonstrated BMD at
the femoral neck above the mean, whereas the
majority of dancers in the present study were
older and no longer performing. A localised
beneficial effect of exercise on the skeleton is
found in other types of training. For example,
in amenorrhoeic rowers, in which exercise is
targeted at the spine, spinal bone loss is attenu-
ated to a level found in sedentary eumenor-
rhoeic women.'4 However, once again no study
has been conducted on these athletes once
training is discontinued.

In summary, the decrease in BMD at the
lumbar spine but not at the femoral neck in
amenorrhoeic dancers may be explained by the
greater sensitivity of the lumbar spine to the
hypo-oestrogenic state. Alternatively the femo-
ral neck may be protected from decreases in
BMD by virtue ofbeing the major weight bear-
ing site, which is supported by the fact that the
eumenorrhoeic dancers had significantly
higher BMD at this site. A combination of
these two factors probably accounts for the dif-
ference in BMD at the femoral neck and lum-
bar spine.

Although the number of oligomenorrhoeic
dancers was small, it is interesting to note that
there was a greater proportion ofcontemporary
than classical dancers and that the average
BMD at the lumbar spine was greater than that
for the femoral neck. Contemporary dancers
may be similar to rowers in that their form of
exercise is targeted at the spine rather than the
femoral neck. Certainly, compared with ballet,
in which the back is held very upright, contem-
porary dance requires far more movement of
the spine and far more floor work, in other
words less weight bearing exercise focused on
the femoral neck.

Weight
The variable of ideal minus lowest weight had a
negative effect on BMD at the lumbar spine,
which was independent of amenorrhoea.

Oral contraceptive pill
The lack of a positive relationship between the
pill and BMD is consistent with another study'5
in which loss ofBMD caused by amenorrhoea
was not reversible with hormonal treatment.
This finding is of concern as it suggests that,
once BMD is lost as a consequence of amenor-
rhoea, hormone replacement treatment in the
form of the oral contraceptive pill is not
adequate to correct this deficit. However, this
aspect needs to be studied prospectively, as in

the present study the duration of pill usage
(average 2.5 years) was shorter than the
duration of amenorrhoea (average 3.5 years).
Also it is not possible to say whether the mag-
nitude of the reduction in BMD at the lumbar
spine would have been greater without use of
the pill.

MODEL OF BMD
The model ofBMD constructed using multiple
regression incorporates the variables duration
of amenorrhoea, ideal minus lowest body
weight, and age at menarche. In this model R'
was 33.6%, in other words 33.6% of the total
variation in the Z score for BMD at the lumbar
spine could be accounted for by these factors.
This is a potentially important finding since
70% of the variability ofBMD is thought to be
genetically determined. Thus the model con-
structed from the results of this study quanti-
fies the important environmental factors of
delayed menarche, duration of secondary
amenorrhoea, and low body weight.

FURTHER WORK
The present study used menstrual recall, which
is reasonably reliable in dancers, who are
precise people who keep professional engage-
ment diaries. However, a study with a longitu-
dinal design in which the dancers could be fol-
lowed up would clearly be better. Ideally, a
group of dancers would be monitored from the
start of their careers.

It would be interesting to study whether
exercises targeted at the lumbar spine had a
beneficial effect on BMD in this region in
amenorrhoeic dancers. This idea is supported
by the fact that training appears to have a site
specific effect: in dancers on the femoral neck
and in rowers, and possibly contemporary
dancers, on the lumbar spine.

IMPLICATIONS
This study suggests that in spite of the vigorous
exercise obtained with dance training, associ-
ated menstrual disruption has a detrimental
effect on BMD at the lumbar spine. However,
any loss ofBMD at the femoral neck appears to
be attenuated by the beneficial effect of
previous weight bearing dance training at this
site. Therefore in order to prevent the decrease
in BMD in this at risk group of exercising
women with menstrual disruption, it would be
advisable to maximise peak bone mass and
minimise subsequent loss. Young dancers can
maximise peak bone mass by being vigilant of
delayed menarche, primary amenorrhoea, and
excessive weight loss, as this study shows that
these factors have a significant negative effect
on BMD. In order to minimise subsequent loss
of BMD, dancers should be vigilant of
prolonged episodes of amenorrhoea. It is
possible that exercises targeted at the spine may
attenuate bone mineral loss at this site in
amenorrhoeic dancers. The model of BMD
constructed could be used to predict and iden-
tify those at risk of low BMD at the lumbar
spine, towards whom the above preventive
strategies could be targeted.
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Conclusion
In professional female dancers, delay of
menarche and duration of secondary amenor-
rhoea has a significant negative relationship
with BMD at the lumbar spine. Any decrease in
BMD at the femoral neck in dancers with a
history of amenorrhoea is partially attenuated
by virtue of it being the major weight bearing
site in dance training, and in eumenorrhoeic
dancers BMD at this site is significantly
increased.

Grateful thanks go to Organon Laboratories and Solvay Health-
care for their support of this study.
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BASM Merchandise 1997
Ladies scarves White with blue border and BASM logo - £5 + L1 p&p

27-inch square
Navy blue with fringe and BASM logo £5 + £1 p&p
54 X 9 inches (oblong)

Ties Single motif £6 + £1 p&p
Multi motif £6 + £1 p&p

Blazer badge Wire - 4 inches high £5 + £1 p&p
Wire - 3 inches high £5 + £1 p&p

New stock to order
Sweaters Lambswool fine knit, V-neck or round £32 + £1 p&p

neck with small motif. Machine washable.
State colour and chest size required.

Slipovers Lambswool fine knit, V-neck, with small £30 + £1 p&p
motif. Machine washable. State colour
and chest size required.

Sweatshirts With small motif. £20 + £1 p&p
State colour and chest size required.

Polo shirts With small motif. £18 + £1 p&p
State colour and chest size required.

Send orders to John H Clegg JP BSc LDS RCS Eng, Hon Secretary,
Birch Lea, 67 Springfield Lane, Eccleston, St Helens, Merseyside WA10 5HB,
UK. (Tel: 01744 28198)


