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ABSTRACT

The aim of this 12-month prospective study was to
investigate risk factors for stress fractures in a cohort of
53 female and 58 male track and field athletes, aged
17 to 26 years. Total bone mineral content, regional
bone density, and soft tissue composition were meas-
ured using dual-energy x-ray absorptiometry and an-
thropometric techniques. Menstrual characteristics,
current dietary intake, and training were assessed us-
ing questionnaires. A clinical biomechanical assess-
ment was performed by a physical therapist. The inci-
dence of stress fractures during the study was 21.1%,
with most injuries located in the tibia. Of the risk factors
evaluated, none was able to predict the occurrence of
stress fractures in men. However, in female athletes,
significant risk factors included lower bone density, a
history of menstrual disturbance, less lean mass in the
lower limb, a discrepancy in leg length, and a lower fat
diet. Multiple logistic regression reveaied that age of
menarche and calf girth were the best independent
predictors of stress fractures in women. This bivariate
model correctly assigned 80% of the female athletes
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into their respective stress fracture or nonstress frac-
ture groups. These results suggest that it may be pos-
sible to identify female athletes most at risk for this
overuse bone injury.

Stress fractures are common overuse injuries sustained by
athletes and cause considerable interference with training
and competition. Stress fracture development occurs
along a continuum, with repetitive mechanical loading,
bone remodeling, and microdamage accumulation playing
roles.?® Numerous factors have been proposed as potential
risk factors for stress fractures. These include low bone
density, soft tissue composition, menstrual disturbances,
dietary insufficiency, biomechanical variants, and exces-
sive training.® Although several of these factors have been
comprehensively assessed in large cross-sectional and pro-
spective studies in male military recruits, results from
military personnel cannot be generalized to sports popu-
lations because of differences in training, footwear, and
initial fitness level.'#-15:32

Most studies of female athletes have been cross-sec-
tional designs with measurements obtained after injury.
Although there has been one prospective study investigat-
ing risk factors for stress fractures, only preliminary re-
sults are available.?® No studies focus specifically on the
male athletic population. Once risk factors have been
identified, it may be possible to implement measures to
prevent this overuse bone injury. In the sports environ-
ment, prevention is far more attractive than even the most
effective treatment. Therefore, the aims of this 12-month
prospective study were to 1) assess the differences in bone
mass, soft tissue composition, menstrual characteristics,
diet, biomechanical features, and training between male
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and female athletes who subsequently develop stress frac-
tures and those who do not, and 2) investigate the ability
of risk factors to predict the likelihood of a stress fracture.

MATERIALS AND METHODS

Subjects

The cohort consisted of 53 female and 58 male track and
field athletes registered with an Athletics Victoria club.
Athletes ranged in age from 17 to 26 years (20.4 = 2.1,
mean * 1 SD). Athletes were competing at club, state, or
Australian national levels in a variety of events, except
throwing and walking. Subjects were excluded from par-
ticipation if they reported past (>>12 months) or present
use of anabolic steroids or human growth hormone, a
history of disease with the potential to influence bone
density, or if they were currently taking medication likely
to influence bone density (with the exception of the oral
contraceptive pill). In the year preceding the study, 21
(39.6%) women and 27 (46.6%) men were ranked within
the top 50 Australian athletes and 13 (24.5%) women and
12 (20.7%) men were ranked within the top 20.2 Subject
recruitment and cohort demographics have been described
in further detail in a previous study.*

Procedures

This research project was undertaken after approval from
the Human Experimentation Ethics Committees of La
Trobe University and The Royal Melbourne Hospital. All
measurements except diet and training were assessed at
the commencement of the 12-month study.

Dual-energy x-ray absorptiometry, employing a Hologic
QDR 1000 W densitometer (Hologic Inc., Waltham, Mas-
sachusetts), was used to measure total-body bone mineral
content, regional-areal bone mineral density, and soft tis-
sue composition. Dual-energy x-ray absorptiometry acqui-
sition and analyses were performed using the standard
whole-body protocol version 5.47. Regional bone mineral
density measurements included left and right upper limb,
thoracic spine (T-1 to T-12), lumbar spine (L-1 to L-4), and
left and right lower limbs. The lower limb was further
subdivided into three regions: femur (proximal femoral
neck to the knee joint); tibia and fibula (knee joint to the
ankle joint); and foot (below the level of the ankle joint).
The athletes’ left and right sides were averaged to give the
overall values for peripheral skeletal sites. We evaluated
short-term in vivo precision of dual-energy x-ray absorp-
tiometry from triplicate scans in 15 noninjured, healthy
subjects. The coefficient of variation varied from 0.6% to
1.9% for bone mass measurements and from 0.4% to 1.2%
for soft tissue composition measurements.

Anthropometric techniques were used to obtain height,
weight, skinfold thickness, and limb girths based on pro-
cedures outlined by Ross and Marfell-Jones.** To provide
a better indication of lean mass, corrected thigh and calf
girths were calculated by subtracting the appropriate
skinfold thickness measurement from the girth
measurement.
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Details regarding current and past menstrual status of
female subjects were obtained via a questionnaire. Sub-
Jjects were questioned regarding age of menarche; use of
the combined oral contraceptive pill; duration of amenor-
rhea, defined as =3 menses per year; duration of oligo-
menorrhea, defined as 4 to 8 menses per year; duration of
eumenorrhea, defined as =9 menses per year; previous
pregnancies; commencement of athletic training in rela-
tion to menarche; and the number of menses in the year
preceding the study. The number of years of amenorrhea,
oligomenorrhea, and eumenorrhea were used to calculate
a menstrual index for each subject. The menstrual index,
adapted from the index devised by Grimston et al.,’®
quantifies the average number of menstrual cycles per
year since menarche. The menstrual index ranged from
1.5 to 10.5 with a number less than 10.5 indicating =9
menses each year since menarche.

Current daily dietary intake was calculated from two
4-day food records that were completed during the sum-
mer and winter months of the study and from a food
frequency questionnaire administered by the same re-
searcher (KLB) at the conclusion of the study. The ques-
tionnaire pertained only to the athlete’s usual calcium,
caffeine, and alcohol intake during the 12-month study.
Data from the food records and the questionnaire were
analyzed by a registered dietitian (SJR) using the “Diet/1”
software package, version 3.22 (Xyris Software, Brisbane,
Australia), which uses the Nuttab Australia (1990) data-
base (Commonwealth Department of Health and Commu-
nity Services, Canberra, Australia). Other baseline di-
etary information was obtained via questionnaire,
including past and current calcium supplementation use
and lifetime alcohol consumption.’? Eating attitudes and
dietary behaviors were assessed using the EAT-40, a test
designed and validated by Garner and Garfinkel.'® The
test is useful for identifying those persons with emotional
disturbances characteristic of anorexia nervosa and with
abnormal concerns about weight and food.

Athletes were interviewed by a researcher (KLB) at the
conclusion of the study to obtain specific information
about their track and field training during the preceding
12 months. Questions were divided into sections based on
mode of training and included running, interval, hill, plyo-
metric, skill, stretching, and cross-training. Details in-
cluded amount, duration, and intensity of training, as well
as footwear and surface.

The same physical therapist (KLB) performed a base-
line clinical lower-limb biomechanical assessment on all
athletes. The measurements chosen were those commonly
used in a clinical setting that are simple to perform, time-
efficient, and require minimal equipment. The meas-
urements included sit-and-reach to assess hamstring
muscle and lumbar spine flexibility,** passive range of hip
external and internal rotation in the positions of hip flex-
ion and extension using a gravity goniometer,'®*! struc-
tural leg length,?* dorsiflexion lunge to assess the range of
ankle dorsiflexion in a weightbearing position,?? and calf
flexibility. The alignment of the lower limb in a non-
weightbearing position was defined as relative varus,
straight, or valgus.>® The subject’s foot type, assessed
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visually when the subject was bearing weight, was classi-
fied as either cavus, planus, or neutral.'® Test-retest reli-
ability of each measurement was evaluated in 14 young,
healthy subjects, tested on 2 occasions 1 week apart. In-
traclass correlation coefficients*” or kappa coefficients*
ranged from 0.74 to 1.0 and were taken to indicate accept-
able reliability.

Stress Fracture Diagnosis

Athletes were closely monitored for signs and symptoms of
a stress fracture over the 12 months.!?2® Stress fractures
were diagnosed by positive findings on clinical examina-
tion, triple-phase isotope bone scan, and CT scan. The
diagnosis of stress fracture on radiographic investigations
was made using a blinded protocol. A radiologist and a
sports medicine physician independently interpreted the
scans. Bone scans were considered diagnostic of a stress
fracture if there was focal increased uptake, which was
ovoid in shape, at the site of pain.»»*%4® The CT scans
were considered diagnostic of a stress fracture if they
showed signs of a linear cortical defect, focal cortical lu-
cency, periosteal new bone, cortical bridging, or focal
sclerosis.23-33.48

Statistical Analysis

All statistics were performed with the Statistical Package
for the Social Sciences (SPSS Inc., Chicago, Illinois). Risk
factor variables were compared between the stress frac-
ture and nonstress fracture groups during the 12-month
study using univariate ¢-tests, Mann-Whitney U-tests, or
chi-square tests at a two-tailed significance level of P <
0.05. Data from the men and women athletes were ana-
lyzed separately. Risk factors that were identified as being
important in univariate analyses were entered into a for-
ward, stepwise multiple logistic regression. The aim was
to build a suitable multivariate model with a minimal
number of independent or predictive variables.2°

RESULTS

Over the course of the study, six subjects withdrew be-
cause of work commitments, nine retired from athletics or
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did not train during the year, and one relocated overseas.
Among the remaining 46 female and 49 male athletes, 10
men and 10 women sustained at least 1 stress fracture
during the 12 months and were therefore classified as
belonging to the stress fracture groups. The other 36 fe-
male and 39 male athletes composed the nonstress frac-
ture groups. Among the 26 stress fractures sustained,
tibial fractures were the most common, composing 45% of
the total. Further details regarding stress fracture inci-
dence and distribution in this cohort have been previously
reported.*

Table 1 shows the means (=SD) for total-body bone
mineral content and regional bone mineral density, com-
paring athletes with and without stress fractures. Women
who developed stress fractures had significantly lower
values for total-body bone mineral content, and lumbar
spine and foot bone mineral density. There were no sig-
nificant differences between male athletes who developed
stress fractures and those who did not for any bone mass
variable. However, there appeared to be a trend toward
lower bone mass in the male stress fracture group with
deficits of 6.8% for total-body bone mineral content and
4.0% for tibial and fibular bone mineral density. Figure 1
shows deficits (+=SE) in the bone mass of athletes with
stress fractures as a percentage of those without them.

In the subgroup of athletes who sustained tibial stress
fractures, tibial and fibular bone mineral density on the
injured side was compared with the average tibial and
fibular bone mineral density in athletes in the nonstress
fracture group. The female tibial stress fracture group had
8.1% less tibial and fibular bone mineral density than the
athletes in the nonstress fracture group (P < 0.01). In the
men, the tibial stress fracture group had 4.0% less tibial
and fibular bone mineral density than the nonstress frac-
ture group, although this finding was not significant
P = 0.17.

When the bone mass values for the female athletes with
stress fractures were compared with those of an age-
matched group of female nonathletes (N = 28), the ath-
letes with the bone injuries had significantly higher lower-
limb bone mineral density (P < 0.05) and similar total-
body bone mineral content and lumbar spine bone mineral
density.

There was no difference between female or male stress

TABLE 1
Mean (+SD) of Baseline Total Body Bone Mineral Content (BMC) (in grams) and Regional Bone Mineral Density (BMD) (in grams
per square centimeters) for Stress Fractures (SF) and Nonstress Fracture (NSF) Groups

Women Men
Variable
SF (N = 10) NSF (N = 36) SF (V = 10) NSF (N = 39)
Total body BMC 2000.4 (244.8) 2200.5 (253.8)* 2481.6 (210.9) 2662.3 (346.3)
Upper limb BMD 0.773 (0.06) 0.799 (0.041) 0.874 (0.045) 0.904 (0.054)
Thoracic spine BMD 0.852 (0.109) 0.913 (0.096) 0.837 (0.064) 0.873 (0.114)
Lumbar spine BMD 0.996 (0.165) 1.131 (0.124)® 1.145 (0.092) 1.154 (0.125)
Lower limb BMD 1.108 (0.080) 1.146 (0.080) 1.250 (0.080) 1.287 (0.089)
Femur BMD 1.181 (0.107) 1.207 (0.101) 1.318 (0.099) 1.357 (0.115)
Tibia/fibula BMD 1.075 (0.082) 1.122 (0.072) 1.190 (0.078) 1.240 (0.093)
Foot BMD 0.980 (0.069) 1.049 (0.097)" 1.219 (0.118) 1.223 (0.097)

2 P < 0.05, t-test.
b P < (.01, t-test.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Vol. 24, No. 6, 1996

20

B Females
** B Males
16 1 * p<0.05

18

% Deficit in Bone Mass for SF Athletes

Total Upper  Thoracic Lumbar lower Femur  Tibia/ Foot
Body Limb Spine Spine Limb BMD  Fibula BMD
BMC BMD BMD BMD BMD BMD

Figure 1. Percentage (+SE) deficits in total body bone min-
eral content (BMC) and regional bone mineral density (BMD)
of the stress fracture group compared with the nonstress
fracture group

fracture and nonstress fracture groups for age, height,
weight, total lean mass, sum of eight skinfolds, corrected
thigh girth, or total body-fat mass. However, women with
stress fractures had significantly less lean mass in the
lower limb, as measured using dual-energy x-ray absorp-
tiometry, and a smaller corrected calf girth compared with
the women in the nonstress fracture group.

Table 2 shows menstrual characteristics for athletes
with and without stress fractures. Female athletes who
sustained a stress fracture had a significantly later age of
menarche, fewer menses in the year preceding the study,
and a lower menstrual index indicating fewer menses per
year since menarche. Although a greater percentage of
women who developed a stress fracture reported a history
of amenorrhea, this finding was not significant. There
were no differences between female groups for years since
menarche, participation in premenarcheal training, and
past or current use of the oral contraceptive pill.

Table 3 shows a comparison of daily macro- and micro-
nutrient intake for stress and nonstress fracture groups of
both sexes. There was no difference between male groups

TABLE 2
Menstrual Characteristics for Female Athletes With and
Without Stress Fractures

Characteristic® Stress Fracture I\;‘onstress

racture

Age of menarche (years) 15.6 (2.2) 13.9 (1.3
Premenarcheal training N (%) 7 (70%) 22 (61%)
Menstrual index (1.5-10.5) 6.5 (3.5) 8.8 (1.6
Number of menses in previous year 8.6 (4.5) 11.3 (2.5F
Currently oligo- or amenorrheic N (%) 3 ((30%) 4 (11%)
History of oligomenorrhea N (%) 3 (33%) 13 (36%)
History of amenorrhea N (%) 5 (50%) 10 (28%)
Ever used OCP N (%) 6 (60%) 21 (58%)
Taken OCP in past 12 months N (%) 4 (40%) 13 (36%)

@ OCP, oral contraceptive pill. Mean (+SD) or frequency (%).
b P < 0.01, t-test or Mann-Whitney U test.
¢ P < 0.05, t-test or Mann-Whitney U test.

Stress Fractures in Athletes 813

for any of the dietary variables. Women who sustained a
stress fracture had a significantly lower fat intake per
kilogram of body weight and a higher calcium intake in
relation to total energy intake when compared with the
female nonstress fracture group. However, daily calcium
intake, assessed by either the food records or the food
frequency questionnaire, did not differ between female
groups. Using 800 mg as the recommended daily intake
for calcium,® stress fracture and nonstress fracture female
groups consumed 134% and 123% of the recommended
daily intake, respectively. Similar results were obtained
when assessing calcium intake derived from the question-
naire. For men, the daily calcium intake was 166% of the
recommended daily intake in the stress fracture group
and 157% in the nonstress fracture group. There was no
difference in calcium intake as a proportion of total-body
bone mineral content or as a proportion of other nutrients
comparing stress fracture and nonstress fracture groups
in either sex. There was no difference between the stress
fracture and nonstress fracture groups for prevalence or
total duration of calcium supplementation use. Current
daily energy intake and intake of protein, carbohydrate,
aleohol, caffeine, fiber, sodium, or phosphorus did not dif-
fer between the groups. Scores on the EAT-40 test were
also similar in both groups with scores indicating that few
athletes had eating behaviors or attitudes characteristic of
anorexia nervosa.

The results of the clinical biomechanical assessment
comparing athletes in the stress fracture and nonstress
fracture groups showed no difference between groups for
sit-and-reach, range of hip internal and external rotation,
calf flexibility, and range of ankle joint dorsiflexion. Dif-
ferences between left and right sides and between hip
internal and external rotation were also similar in both
groups. The percentage of athletes with neutral, planus,
or cavus foot types and with straight, varus, or valgus
lower-limb alignment did not differ between groups. How-
ever, a significantly greater number of women in the
stress fracture group (70%) displayed a difference in leg
length than did their counterparts in the nonstress frac-
ture group (36%) (P < 0.05). Although stress fractures
occurred with equal frequency in the longer and shorter
limb, 71% of the injuries occurred in the dominant lower
limb.

There was great variation in the weekly training char-
acteristics of athletes (when not injured) in the year of the
study because of the combination of different track and
field event groups. Athletes in the stress fracture and
nonstress fracture groups commenced athletic training at
a similar age, approximately 11 years, with more than 78
(70%) athletes involved in the sport for more than 5 years.
There were no significant differences between athletes
who did and did not develop a stress fracture for any of the
measured training variables, including weekly training
hours, running distance, training mode, footwear, and
surface.

In female athletes, the results of the logistic regression
model showed that corrected calf girth (8, —1.38; SE, 0.52)
and age of menarche (8, 1.40; SE, 0.66) were significant,
independent predictors of the probability of stress frac-
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TABLE 3
Comparison of Mean (£SD) Daily Macro- and Micronutrient Intake for Stress Fracture (SF) and Nonstress Fracture (NSF) Groups
Women Men
Nutrient®
SF NSF SF NSF

Energy (kj) 7258.3 (1783.9) 8525.8 (2371.9) 13340.9 (2399.8) 13257.0 (2573.4)
Protein (g) 82.9 (19.1) 89.1(35.0) 116.9 (13.4) 124.3 (27.0)
CHO (g) 252.2 (87.3) 269.8 (74.4) 424.8 (84.0) 419.7 (92.5)
Fat (g) 43.4 (17.9) 66.3 (31.1) 114.9(29.4) 110.6 (30.8)
Caffeine FFQ (mg) 174.6 (356.1) 121.1 (228.6) 66.0 (60.9) 117.3 (155.1)
Fiber (g) 30.9(174) 28.1(9.1) 33.5(12.1) 36.2 (12.5)
Calcium (mg) 1075.2 (426.7) 985.1 (297.0) 1325.5 (373.5) 1252.8 (423.8)
Calcium FFQ (mg) 1277.1 (841.1) 981.5 (721.5) 1213.3 (534.1) 1416.4 (619.8)
Sodium (mg) 2295.0 (660.6) 2308.1 (782.6) 3555.1(1212.3) 3726.8 (919.9)
Phosphorus (mg) 1381.5 (387.9) 1431.8 (443.2) 1835.3 (325.3) 1951.6 (488.9)

¢ CHO, carbohydrate; FFQ, food frequency questionnaire.

ture. Odds ratios revealed that for every additional year of
age at menarche, the risk of stress fracture increased by a
factor of 4.1. For every l-cm decrease in calf girth, the risk
of sustaining a stress fracture increased fourfold. The
probability of a stress fracture at different ages of men-
arche was calculated as a function of small, average, and
large corrected calf girths and plotted in Figure 2. The
results show that one’s corrected calf girth exerts a
greater influence on the risk of stress fracture than does
one’s age of menarche.

The two predictive variables in this logistic regression
model were tested in relation to their influence on stress
fracture incidence. Each variable was divided into two
subgroups using the median value. The trend of stress
fracture morbidity was assessed by assigning a quantita-
tive value to each subgroup (0, no risk; 1, risk). Age of
menarche more than 14 years and a corrected calf girth
less than 32.2 cm were each assigned a score of 1. The
percentage of women with stress fractures was lowest
(0%) when neither of the risk factors were present (risk
score, (), intermediate (15%) when one risk factor was
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Figure 2. Plot of the probability of stress fracture at different
ages of menarche for different corrected calf girths in female
athletes. The plot for small corrected calf girth was calculated
using the minimum value measured in the sample. The av-
erage girth was calculated using the mean value, and the
large girth was calculated using the maximum value.

present (risk score, 1), and highest (50%) when two risk
factors were present (risk score, 2) (P < 0.01).

The logistic regression model, containing the variables
corrected calf girth and age of menarche, was able to
correctly classify 89 (80.4%) athletes into the appropriate
stress fracture or nonstress fracture groups (P < 0.05).
The model correctly predicted 33 (91.7%) of the women
would be in the nonstress fracture group and 4 (40.0%) of
the women would be in the stress fracture group, indicat-
ing a greater proportion of false-negatives than false-pos-
itives. Because the sample size was relatively small, the
effect of adding a third variable to this logistic regression
model was evaluated. The results showed that although
none of the third variables was significant when included
into the model, the variables of bone mineral density of the
foot and leg-length difference significantly improved the
model’s predictive ability. Therefore, if the aim is to im-
prove the prediction of stress fracture occurrence, a three-
variable model, including either bone mineral density of
the foot or leg-length difference, may be suitable.

DISCUSSION

The aim of this study was to conduct a comprehensive
analysis of risk factors for stress fractures in track and
field athletes using a prospective cohort design. Results
differed between men and women, highlighting a sex ef-
fect. Female athletes who developed stress fractures had
significantly less total-body bone mineral content, lower
lumbar spine and foot bone density, less lean mass in the
lower limb, a later age of menarche, fewer menses per year
since menarche, a lower fat diet, and a leg-length discrep-
ancy compared with their nonstress fracture counterparts.
Contrary to expectations, dietary calcium intake, restric-
tive dietary patterns, use of the oral contraceptive pill,
training parameters, height, weight, and total body-fat
mass did not differ between those who did and did not
sustain stress fractures.

For men, there were no significant differences between
the stress fracture and nonstress fracture groups for any
bone mass, body composition, dietary, biomechanical, or
training variable. Thus, none of the measured variables
could be used to identify the male athletes most likely to
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develop a stress fracture. The null findings could be be-
cause of a lack of statistical power, given the size of the
stress fracture group, or because of the relative unimpor-
tance of the selected variables. Other factors not assessed
in this study may play a greater role in conferring risk of
stress fracture in men. It is also possible that risk factors
are specific to the stress fracture sites and to event groups
within track and field. Because of the limited sample size,
risk factors could not be analyzed in this manner. This
may have resulted in a failure to identify potential rela-
tionships for some factors. Although no comparable data
exist for male athletes, the nonsignificant findings tend to
agree with those of prospective military studies in which
much larger cohorts were involved and few risk factors
were identified from an extensive number of subjects
measured.!*1°

This is the first prospective study to address whether
low bone density predisposes athletes to stress fractures.
Women who developed stress fractures had lower bone
densities with significant deficits in both the axial and
appendicular skeletons. Cross-sectional studies have
found similar results at the lumbar spine.”3* The magni-
tude of the reported deficits, 4.0% and 8.5%, are less than
the 11.9% shown presently. This may partly relate to the
use of the less-precise dual-energy x-ray absorptiometry in
oné study,” and to the inclusion of men in another.3*

Because stress fractures did not occur in the lumbar
spine, the finding of lower bone density at this site does
not support a causal relationship. Instead, lower axial
bone density may be an indicator of other factors associ-
ated with stress fracture risk, such as ovarian dysfunction
or inadequate dietary intake. The higher prevalence of
menstrual disturbances reported by the athletes with
stress fractures may well have contributed to both spinal
osteopenia and stress fracture development. However,
support for a possible cause-and-effect relationship be-
tween low bone density and stress fracture is provided by
our findings of significantly lower foot bone density in the
stress fracture group and lower tibial and fibular bone
density in the subgroup of women who sustained tibial
stress fractures. Although bone density is lower in ath-
letes with stress fractures, it nevertheless remains signif-
icantly higher at the lower limb and similar at the lJumbar
spine than that of less active nonathletes. This suggests
that the level of bone density required by athletes for
short-term bone health is greater than that required by
the general population.

Conversely, bone density values did not predict stress
fracture occurrence in the men. This may be because of
higher regional bone density in the men compared with
the women. However, the possibility that lower bone den-
sity is a risk factor in male athletes cannot be entirely
excluded.?® Deficits in bone density were noted at most
regional anatomic sites in the men who developed stress
fractures, and the deficits were similar in magnitude to
those seen in the women, except at the lumbar spine and
foot. The sex difference at the lumbar spine could high-
light the role played by estrogen in the maintenance of
axial bone density in women.

Both anthropometric and dual-energy x-ray absorptio-
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metric measurements evaluating lower limb muscularity
revealed that female athletes who sustained stress frac-
tures were less muscular compared with female athletes
in the nonstress fracture groups. This deficit appeared to
be a regional, rather than a generalized phenomenon,
because total body lean mass and thigh girth values did
not differ between the two groups. Our results confirm
those reported by Milgrom,3® who used the same meas-
urement technique to obtain calf circumference in male
military recruits. However, it is unclear why our finding
was only apparent in the female and not the male
athletes.

The association between muscle mass and stress frac-
ture occurrence might be explained by lower regional bone
density because both corrected calf girth and dual-energy
x-ray absorptiometric lower limb lean mass were posi-
tively correlated with tibial and fibular bone density (r,
0.37 to 0.41). A second possible explanation relates to the
theory that the shock-absorbing ability of muscle plays a
major role in reducing forces on bone.>® In vivo animal
models have shown that muscle contraction enhances
bone strength and protects against fracture.®®*—>® Using a
biomechanical model, Scott and Winter ¢ calculated that
during running, the region of the tibia where most stress
fractures occur is subjected to a large forward-bending
moment as a result of ground-reaction force. The calf
muscles oppose this large bending moment by applying a
backward moment as the muscles contract to control the
rotation of the tibia and the lowering of the foot to the
ground. The total effect is a smaller bending moment.
Extrapolating from this, a stress fracture could result if
the calf muscles are unable to produce adequate force to
counteract the loading at ground contact and decrease
excessive bone strain.

Women who developed stress fractures had fewer men-
ses in the preceding year than their nonstress-fracture
counterparts, and they were more likely to have a history
of menstrual disturbance. This supports the findings
of numerous cross-sectional studies.” 522 26,27,34,35,51
Therefore, factors associated with menstrual disturbances
are acting to confer an increased risk for stress fracture in
these athletes. Conversely, the results of the present
study do not support the contention that use of the oral
contraceptive pill protects against stress fracture.®3*
However, a randomized controlled trial is necessary to
clarify this issue because reasons for use or nonuse of the
oral contraceptive pill may confound the relationship.

Women with an older menarcheal age had a greater
likelihood of developing a stress fracture, which is consis-
tent with the finding of some cross-sectional studies.”-5%-5!
Age of menarche is associated with several other factors
capable of influencing stress fracture development. We
noted an inverse relationship with lumbar spine bone
density (r = —0.31) but not with bone density at stress
fracture sites. Women with a later age of menarche were
also more likely to report a history of menstrual distur-
bance. However, other factors cited in association with
later menarcheal age, such as intensive physical activity
during puberty,*?*° low levels of body fat or weight,*" and
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low energy intake,®' did not differ between our stress
fracture and nonstress fracture groups.

Risk of stress fracture was not associated with current
calcium intake, current intake of nutrients known to in-
fluence calcium bioavailability and bone mass, or use of
calcium supplementation. Because two different dietary
intake measurement tools essentially yielded the same
results, the findings are strengthened. Furthermore,
when expressed in terms of energy intake, female athletes
in the stress fracture group were consuming significantly
more calcium than those in the nonstress fracture group.
It has been previously demonstrated that dietary calcium
intakes more than 800 mg/day may be protective against
stress fracture in athletes.?* Because the majority of ath-
letes in our study were consuming more than this amount,
the results suggest that the relative risk of stress fracture
is not influenced by daily intakes above this level. This
concurs with findings of a large randomized calcium in-
tervention trial in the military.*® It also supports the
concept of calcium as a threshold nutrient, whereby effects
on the skeleton are only apparent up to a certain level.*®
The results do not exclude calcium deficiency as a risk
factor for stress fracture given the high level of calcium
consumed by our athletes. In addition, historical calcium
intake may play an important role, but this factor was not
assessed given the limitations associated with recall over
such a time frame.3*

A difference in leg length more than 0.5 cm was more
common in the women who developed stress fractures
than in those who did not. This has been previously noted
in male military recruits using radiographic techniques to
assess leg length! and in male and female runners via
self-reports.® Friberg!* found that tibial, metatarsal, and
femoral stress fractures were more likely to occur in
longer limbs, and fibular fractures were more likely to
occur in shorter limbs. We found that stress fractures
occurred with equal frequency in the shorter and longer
limbs, which may be because of the combination of all
stress fracture sites. However, stress fractures were more
likely to occur in the dominant limb. This could be because
of greater usage of this limb, especially in events such as
long jump and hurdles where loading is likely to be
asymmetrical.

No other measurements included in the clinical biome-
chanical assessment were useful predictors of stress frac-
ture occurrence. There are several feasible explanations
for this result. First, it is possible that the relative impor-
tance of biomechanical risk factors will differ according to
skeletal site. Second, given the small stress fracture sam-
ple in this study, the moderate precision of measurement
and the degree of variability in the data, large differences
between groups would have been required to achieve sta-
tistical significance. Although more complex techniques
with greater precision are available, it was considered
important to use techniques in common clinical usage to
facilitate the clinical relevance of the results. Third, the
level of certain variables may exhibit temporal fluctua-
tion. This means that baseline measurements might not
adequately reflect the status of the variable in the weeks
preceding a stress fracture. Fourth, static measurements
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may not necessarily correlate with the dynamic situa-
tion.'® Finally, it is possible that other biomechanical
factors not measured in this study, such as malleolar
torsion and range of subtalar joint motion, are more im-
portant in the prediction of stress fractures.

Because a stress fracture is an overuse injury resulting
from repetitive loading, training must play a part in af-
fecting the likelihood of this injury by influencing the
characteristics of the mechanical strain environment. Al-
though there was no difference between athletes who did
and did not sustain stress fractures for training amount,
mode, surface, or footwear, the retrospective nature of
data collection must be considered. Limitations arise from
difficulties in accurate recall and the inability to quantify
training in the weeks preceding a stress fracture. In ad-
dition, there was great variability in training regimes
reflecting the inclusion of numerous event groups. Ideally,
the effect of training on stress fracture development
should be assessed separately in each group.

Among the significant risk factors identified, the best
predictive model for stress fractures in women comprised
age of menarche and corrected calf girth. The inclusion of
either bone density of the foot or leg-length difference
increased the sensitivity of this model. From a practical
perspective, age of menarche, corrected calf girth, and leg
length could be easily assessed by health professionals or
coaches at minimal cost and effort. The assessment of
bone density of the foot is less practical because it requires
attendance at an appropriate facility, exposure to radia-
tion, albeit minimal, and is relatively costly. Because leg-
length discrepancy and bone density of the foot were
equally effective in improving the predictive ability of the
model and no further benefits were achieved by including
both variables, leg length would be the more practical risk
factor to measure. Once athletes had been screened and
identified as being at high risk for stress fracture, these
athletes could be given modified training programs de-
signed to reduce repetitive mechanical loading, and they
could be monitored closely for signs and symptoms of
excessive bone strain. Educating athletes about the na-
ture of overuse bone pain and encouraging them to advise
the coach or seek medical attention immediately after the
onset of any symptoms, however minor, would allow early
intervention. A brief rest or reduced training at an early
stage may facilitate repair and prevent the progression of
bone microdamage. This approach might reduce the time
missed from training and the associated morbidity. Al-
though it is possible that altering the risk factors them-
selves could reduce the incidence of stress fractures, a
causal relationship cannot be established from this study.

CONCLUSIONS

This is the first study to assess risk factors for stress
fractures specifically in male athletes and the first to
evaluate the role of bone density as a risk factor for stress
fractures in male and female athletes using a prospective
research design. The results indicate a sex difference in
the predictability of stress fracture occurrence in this co-
hort of track and field athletes. In women, several factors
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were associated with the development of stress fractures.
A predictive model was established incorporating the vari-
ables of age of menarche and calf girth. This model may be
useful in a clinical setting to assist in the identification of
female athletes at risk for stress fracture who warrant
specialized attention from coaches and medical personnel.

In contrast, none of the measured variables contributed
to stress fracture risk in the male athletes. This result
may imply that other contributory factors not included in
this study are more important in men. Further research
should be directed at identifying predictors in male ath-
letes, at confirming the present results in an independent
cohort, and at assessing the efficacy of preventive strate-
gies in an attempt to reduce the incidence of this overuse
bone injury.
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