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Fig. 1. Normal and miserable
malalignment fower extremities.
in well-developed quadriceps, low-
er Q angle, and neutral tibial tor-

sion, there is a superior patelio-
femoral bilomechanical pattern.

Miserable malalignment syndrome
creates rotatory and laterally di-
rected forces on the patelia.

levels than women. Work capacity studies show that there
is only a slight difference between males and females in
oxygen uptake when the data are expressed relative to
body size and composition.* Despite these differences’
women show the same physiological training changes as
males and experience significant increases in strength,
power, and muscular endurance.’

Women have a wider pelvis, are more flexible, and have
less developed musculature than men. Lower extremity
?lignmcnt differs in the female and may predispose to
injury. The so-called miserable malalignment syndrome of
excessive forefoot pronation, pes planus, extemal tibial tor-
slon, quadriceps angle of greater than 15 degrees, increased
femoral anteversion, hypoplastic vastus medialis obliquus,
and heel valgus angulation demonstrates the extreme of
10\jVer extremity differences between males and females
(Fig. 1). Women have shorter limbs relative to body
!ength_ However, the center of gravity of men and women
1s only slightly different. This difference may account for
differences in upper limb musculature with a shorter lever
am for movement and power.$

INJURY RATES

There have been many studies comparing injury rates be-
In:len male and female athletes.’-® Studies comparing
Inie:Sl land fcmales_ have been done at the military acade-
(NCAA The National Collegie}tc? Athletic Association
Since | 9) has collected data on injury rates for 16 sports
£yMng 82 and for 21 sports since 1997. Soccer, lacrosse,
Whick S(tllCS, and basketball are the four NCAA sports for
females ata were collected and in which both males and
' Compete. The data are reported as the number of
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injuries per 1000 athletic exposures. Due to differences in
equipment and rules for competition in lacrosse and gym-
nastics, comparisons of injury rates between men and
women in these two sports must be made carefully. Arendt
and Dick!? and Arendt et al'® reported anterior cruciate
ligament (ACL) injury rates for soccer and basketball over
a total 10-year period (1989-1993, 1994-1998). The rates
of injury in females compared with males were 2.6 times
greater in soccer and 3.6 times greater in basketball.

Using the 1997-1998 data, for women the highest rate
of injury in collegiate sports was in soccer followed by
spring soccer, gymnastics, lacrosse, basketball, fall lacrosse,
softball, field hockey, volleyball, and spring volleyball (Ta-
ble 1). Men’s spring football and lacrosse had the highest
overall injury rates for men or women. There appears to be
a trend in most sports toward more injuries occurring dur-
ing practices than during games. However, more knee inju-
ries, and ACL, collateral ligament, and meniscus tears oc-
cur in games. Compared with males, females sustained
greater rates of knee injuries involving the ACL (4.9 times
greater), collateral ligament (2.5 times), and meniscus (1.9
times) (Fig. 2). The NCAA classification combines patella
and patellar tendon; therefore, no specific diagnosis is doc-
umented. The ankle is the most commonly injured body
part for both males and females.’

Certain injuries are more common in females, although
most sports medicine research has been done on males.
More research with female athletes needs to be done to
prevent injury in the future and to answer the question of
why certain injuries are more common in females. Only
one long-term study has been done to date on female
athletes. The majority of these athletes had continuing
problems related to injuries sustained during their collegiate
athletic careers. This is of concern. This indicates that we
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ACL. In one study there appeared to be more ACL tears
during the ovulatory phase of the menstrual cycle.?* More
work in this area npeeds to be done with a larger series of
athletes.

The majority of ACL injuries sustained by females are
of a noncontact mechanism. The American Orthopedic So-
ciety for Sports Medicine, the National Athletic Trainers
Association, the NCAA, and the Orthopedic Research and
Education Foundation sponsored a consensus conference to
address the issue of noncontact ACL injuries and define
risk factors and directions for future research.?? The mem-
bers of the symposium concluded that at-risk situations for
noncontact ACL injury include deceleration, cutting or
changing directions, and landing. The shoe surface coeffi-
cient of friction may increase the risk of ACL injury.
There is no evidence that knee braces prevent ACL injury.
There is no consensus regarding the role of the notch in
ACL ipjury owing to difficulties in obtaining reliable and
reproducible measurements. There are insufficient data on
ACL size as measured by notch size to support ligament

size related to risk of injury. There is no consensus regard-
ing hormonal influences on the ACL and risk of ACL
injury. There is no basis for modification of participation
during various phases of the menstrual cycle or manipula-
tion of sex-specific hormones to prevent ACL injuries.”

UPPER EXTREMITY
SHOULDER INJURIES

In younger females, joint laxity and decreased strength can
cause shoulder problems. With generalized laxity, sport-
dependent problems involving the shoulder can occur. The
vicious cycle of physiological instability, rotator cuff weak-
ness, pain, posterior tightness, and further imbalance results
in persistent pain and dysfunction in overhead activities.
Care should be taken to address scapular dysfunction. A
specific diagnosis of the cause of the pain should be made-
Restoration of normal range of motion and strength with
proper sport biomechanics should be the goal.”® The cheer-
leader shown in Figure 5 has bilateral multidirectional













amenorrhea in postmenarchal females or failure to begin
menstruating by age 16. Signs and symptoms of anorexia
include amenorrhea, fat loss, muscle loss, dry hair, dry
skin, cold and discolored extremities, decreased body tem-
perature, lanugo, lightheadedness, decreased ability to con-
centrate, and bradycardia.?*

Bulimia nervosa is defined by the DSM-IV as recurrent
binge eating within any 2-hour period; overeating; a sense
of lack of control over eating during any 2-hour period;
recurring behavior compensation for overeating by vomit-
ing, abuse of laxatives, or other drugs; fasting or excessive
exercise; binge eating and purging at least twice weekly for
3 months; and negative self-body image and self-image.
Disturbed behavior does not occur exclusively during times
of anorexia nervosa. Signs and symptoms include swollen
parotid glands, chest pain, sore throat, abdominal pain,
erosion of tooth enamel, face edema, extremity edema,
diarrhea, constipation, menstrual irregularities, knuckle
scars, nail changes, and bloodshot eyes.>

MENSTRUAL IRREGULARITIES
Primary amenorrhea is defined as absence of menstruation
by age 16 in a girl with secondary sex characteristics.
Secondary amenorrhea is absence of three of more consec-
utive menstrual cycles after menarche. Oligomenorrhea is a
menstrual cycle greater than 36 days. The prevalence of
amenorrhea in the general population is 2% to 6% and in
athletic populations, between 3.4% and 66%. All three of
these disorders can result in decreased bone mineral den-
sity (BMD) and put the patient at risk for early osteoporo-
sis and stress fracture. The exact cause of amenorrhea in
athletes is unknown, but it most likely has a hypothalamic
origin and results in decreased ovarian hormone production
and hypoestrogenemia similar to menopause.3> 352-¢

The significance of athletic amenorrhea is the observed
skeletal demineralization seen in nonmenstruating athletes
which predisposes them to injury, especially stress fracture
and early osteoporosis.’® The long-term effects to bone
health caused by athletic amenorrhea are unknown. The
danger is that these women are losing bone at a time in
their lives when they should be laying it down and they
may never achieve peak bone mass.* There is also a theo-
retical risk of increased incidence of cardiovascular disease,
infertility, reproductive system cancer, and osteoporosis.
Athletic amenorrhea is a symptom of an underlying prob-
lem and should be treated in the first 3 months. After
ruling out other causes of amenorrhea, treatment of athletic
amenorrhea in a woman who has been menstruating for
less than 3 years is to decrease exercise intensity and
improve nutrition3” For an athlete who is more than 3
years post-menarche, treatment is low-dose oral contracep-
tives.3®

OSTEOPOROSIS _

Osteoporosis is a disease characterized by low bone mass
and microarchitectural deterioration of bone tissue leading
to enhanced skeletal fragility and increased risk of fracture.
Women are four times more likely to develop osteoporosis
than men.?® Osteoporosis is defined in terms of BMD,
Bone densitometry by dual photon radiographic absorp-
tiometery is the modality of choice to evaluate BMD.

Weightbearing exercise has a positive effect on bone
and may reduce the rate of bone loss in adult wome, g“
will not produce a large increase.’® In the face of athlep
amenorrhea, the positive effects of weightbearing eXere
are negated. This method is quicker, less eXpensive,
can 1mage specific body sites more easily thap
scanning methods.3> Athletes suspected of early 08teopory
sis, the female athlete triad, and those with oligomenmh:
or amenorrhea should undergo bone densitometry. Educ:
tional programs are available.?- 41

Prevmu

Contraindications. ; : i
. Pregnancy—lnduced hypertensmn

® Preterm rupture of membranes:
‘Preterm labor: during the pnor or.current Dregnancy o both,
Incompetent cervix/cerclage.

Persistent second-.or third tnmester bleedrng

Intrauterine growth retardation: -

. ‘During pregnancy, women can’ continue to exerCIse and derive

health benefits even' from mild to-moderate exercise routines.

Regular exercise (at least 3 times per week) is preferable to

) intermittent activity.

2. Wemen should avoid-exercise in_ the supine posrtlon after the
first trimester. Such a position is associated with decreased
cardiac output in most pregnant women; because the remain-
ing cardiac output will be preferentially distributed away from
splanchnic beds (including the Uterus) during vigorous exer-
cise; such regimens are best avoided.during pregnancy. Pro-
-longed periods of motionless standrng should also-be avoided.

“3.-Women should be aware of ‘the decreased oxygen available for
aerobic exercise. durmg pregnancy They should:be-encouraged

©to modify. the. intensity of their exercise aceording to maternal
- symptoms:. Pregnant wormen:should stop exefcising when fa-

' tigued -and not exercise fo. ‘exhaustion; Weightbearing exercises
-may .under; some circumstances be.continued at intensities
“similar to-those. prior-to pregnancy throughout pregnancy " Non-

weightbearing exercises such as eycling or swimming will mini-
mize. thie risk-of injuty and facilitate the contmuatron of exer-

. ~cise during préegnancy.

‘4. -Morphiologic, changes i pregnancy should serve as.a relative

- -contraindication to. types of exercise jn.which oss.of balance

; _could be' detrimental: to-matérnat or fetal well bemg, ‘especially

* w-inthe third trimester. Further; any type of exercise: involving
the potentlal for even mild abdomrnal trauma should be

- ravoided:

" 5. Pregnancy requnres an: addmonal 300 kcal/d to malntarn meta-

- bolic_horneostasis, Thus, women-who exercise during preg-

nancy should be part Sulz ly careful 10, ensure an adequate
diet:: : . :
- 6. Pregnant women who XEre e \ the first tnmester should

" augment heat dlssupa ion-by-en ,unng dequate hydration, ap-
-propriate: cIothmg, and optlm yntal surroundrngs

o Cduring exercises i
7. Many of the’ physrotoglcal and morphologmat changes of preg-

o 'nancy persist 4=6: ks ‘postpartum.. Thus; prepregnancy exer-
cise routines should be resumed: gradually based on a woman's
physical:capabiiity.

—e e e

Modified from Exercise During Pregnancy and the Postpartum Period, ACOG
Technical Bulletin, 89. Washington, DC, American College of Obstetricians and
Gynecologists, 1994, pp 3-4.




IRON DEFICIENCY ANEMIA

Women are at greater risk than men for anemia. Forty
percent to 50% of adolescent female athletes demonstrate
some degree of iron depletion or decreased iron stores
without overt anemia.*?> Twenty percent to 30% of female
adolescents and young adults (athletes and nonathletes)
demonstrate iron deficiency.’? Runners appear to be at in-
creased risk for iron deficiency anemia during their training
season. Black adolescent female runners have twice the
incidence of iron deficiency anemia of white adolescent
female runners. True iron deficiency anemia should be dif-
ferentiated from pseudoanemia or sports anemia which re-
sults from expanded plasma volume with a normal red
blood cell count.! Only those athletes at high risk for
anemia or those with a previous history of iron deficiency
anemia should be screened. '

THE AGING FEMALE ATHLETE

As our society becomes more fitness-oriented it has be-
come more acceptable for older women to pursue exercise.
Women are continuing to be active in sports which they
enjoy and some of those who have never before exercised
are beginning fitness programs. Most information on the
aging female athlete has been extrapolated from male data,
but there have been a few studies suggesting the following
positive aspects of exercise in the aging female athlete. As
we age we lose muscle mass, flexibility, and bone mass,

and aerobic capacity declines.*> Body weight decreases due-

to loss of muscle mass while the percentage of body fat
increases. Despite these changes, exercise training can still
increase the size and strength of conditioned muscle. Exer-
cise programs should take into account prior fitness levels,
bone demineralization, and type of exercise. In addition to
increased muscle strength, cardiovascular benefits, increase
in lean body mass, and increased bone mineralization are
other positive outcomes of exercise. Treatment of injuries
in older females should be based on activity level and
physiological age rather than chronological age.

THE PREGNANT ATHLETE

As women’s sports participation increases, so too will the
number of women who wish to continue their exercise
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programs throughout their pregnancy. Of importance is the
physical fitness level of the patient prior to conception. In
most cases women can safely continue an exercise program
during their pregnancy. This should be done in coordina-
tion with the athlete’s obstetrician. The major concerns for
pregnant athletes are the effects of elevated maternal tem-
perature on the fetus, the effect of exercise on blood flow
to the fetus, and the effects of exercise on the weight of
the fetus.’® The American College of Obstetricians and
Gynecologists guidelines for exercise during pregnancy and
contraindications to exercise during pregnancy are summa-
rized in Table 3.4 4 The benefits of exercise during preg-
nancy include weight control, improved muscle tone, im-
proved self-esteem, decreased incidence of varicosities,
decreased incidence of back pain, and decreased incidence
of sleep disturbance.*¢

CONCLUSION

Appreciation of the unique situations that exist for female
athletes will improve their care and treatment. Medical
personnel who have added these insights to their armamen-
tarium can make diagnoses more efficiently and institute
treatment earlier. The epidemic of knee injuries in females
is of concern and requires further research. Very important
factors in prevention are strengthening of the trunk and
core, low back, and hip musculature and analysis of dy-
pamic movement patterns. The high incidence of eating
disorders and hormonal and nutritional imbalances in-
creases the risk for stress fracture. Treatment of eating
disorders and menstrual irregularities should be instituted
quickly to avoid adverse sequelae to the bone. Exercise can
be carried out safely in most pregnant patients in conjunc-
tion with their obstetrician and in keeping with their pre-
pregnancy level of fitness. Sports participation and physical
fitness should be encouraged in women of all ages.
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