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This fifth issue of Volume 14 d€oaching Science Abstracteviews articles concerned with
characteristics of female athletes and differences between male and female athletes. It extends
the concepts reported Wolume 2(5) Volume 5(5) Volume 8(5) andVolume 11(5) It further
justifies establishing different coaching and tragnprograms for each gender.
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perceived exertiolACSM 55th Annual Meeting Indianapoliesentation Number,

1638.

€

CONTRACEPTIVE PILL USE DOES NOT AFFECT MUSCLE STRENGTH

Elliott, K. J, Cable, N. T, & Reilly, T. (2005). Does oral contraceptive use affect maximum forc
production in women®ritish Journal of Sports Medicine, 3915-19.

This study examined the effeaboral contraceptive use on maximum force production in
young women. Female Ss were pill users (N = 14) and eumenorrheic controls (N =ugingill
Ss were taking a combined, monophasic oral contraceptive pill for at least 6 months. Maximum
dynamic andsometric leg strength, maximum isometric strength of the first dorsal interosseus @
(FDI) muscle, and plasma concentrations of oestradiol and progesterone were measured on days
7 and 14 of pill consumption and day 5 of pill withdrawal. The eumenorrheip gras tested =

on days 2 and 21 of the menstrual cycle. @
=

ICy 1B Cc XdUim

There were no significant changes in the concentration of endogenous oestradiol or progesterone
or any measure of muscle strength between pill phases. The pill group did not significantly differ
from the eumenorrheic group, despite a significant increase in the concentration of progesterone
and oestradiol on day 21 of the menstrual cycle compared with day 2 of the menstrual cycle and
pill consumption and withdrawal.

Implication . Oral contraceptive useds not significantly affect muscle strength. Moreover, oral
contraceptive users were no stronger or weaker than eumenorrheic controls.

MENSTRUATION PHASE CAN AFFECT PERFORMANCE IN SOME WOMEN

Artner, J. (1979). Shifting of menstruation in female athldtegschritte der Medizin, 97(19),
901-906.

"The menstrual cycle can be divided into 2 phases. During the trophotropic, or follicle, phase,
energy is stored in anticipation of ovulation and a possible conception; at this time the sensation
threshold ishigh. After menstruation, the ergotropic, or corgateum phase, is marked by a

«
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dissipation of energy and a low threshold of sensation. Studies of male athletes show that an
ergotropic type phase is observed during sport activity, followed by a tropihofrtbase during

rest. Thus, a woman's athletic potential is dependent on her place in the menstrual cycle. Women
in sports which require endurance should compete during the follicle phase. In sports which
require shoriterm, intense performance, womenhagtgotropic tendencies should compete

during the follicle phase, and women with balanced or trophotropic tendencies should compete
during the corpus luteum phase. Hormonal contraceptives can be used to regulate the menstrual
cycle; this is not considered be doping".

Implication . In some women, it could be advantageous to manipulate important performances to
coincide with the luteum phase of menstruation.

€

MALES FATIGUE SOONER THAN FEMALES IN LOW -INTENSITY ISOMETRIC E
CONTRACTIONS @

<

Griffith, E. E., Yoon, T., Schlindebelap, B., & Hunter, S. K. (2006). Sex differences in muscle ,
fatigability are task dependent and not explained by a difference in central fMiggieine and m
Science in Sports and Exercise, 38(Sypplement abstratB51. +
>

Q

LL

The purpose of this study was to compare the time to failure and voluntary activation of young?
males (N = 9) and females (N = 9) for a sustained isometric contraction performed atamtigh .
low-intensity with the elbow flexor muscles. Ss perfodna@ isometric contraction at 20% and =
80% of maximal voluntary contraction (MVC) force during two separate and randomized
sessions until the target force could no longer be achieved. Voluntary activation was quantified
before and after the fatiguing cortdtian using the interpolated twitch technique.

Males were stronger than females on both days of testing. Males had a briefer time to failure than
females for the 20% MVC task but not for the 80% MVC task. Voluntary activation was reduced
at the end of th20% MVC task but did not change after the 80% MVC task for both genders.
There was no gender difference in voluntary activation at the end of the 20% MVC fatiguing
contraction or 80% MVC task.

Implication. The gender difference in time to failure of ataurged contraction is not explained

by a difference in fatigue central to the motor nerve in males and females. Furthermore, in young
adults the contribution of central fatigue to task failure is dependent on the intensity of the task
with greater impairm® after a longduration lowintensity isometric contraction.

BOTH GENDERS ARE SIMILARLY RESISTANT TO SPRINT CYCLING FATIGUE
Krah, S. A., Gonzales, J. U., Thompson, B. C., Thistelthwaite, J. R., & Scheuermann, B. W.

(2006). Fatigue in females and malesdaponse to repeated bouts of 30 s sprint cycling
exerciseMedicine and Science in Sports and Exercise, 38&)pplement abstract 1729.

«
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"Studies demonstrate that females exhibit a greater resistance to fatigue than males and that this
difference mayersist even when differences in maximal force generation are taken into account.
Most studies examining sex differences in fatigability have utilized either small or isolated

muscle groups with relatively fewer comparisons made during whole body suprahaxi

exercise. However, studies indicate that ATP recovery between repeated sprint exercises is faster
in females than males suggesting that differences in fatigability between the sexes may become
more apparent with repeated bouts of supramaximal exercise"

This study compared the effect of repeated bouts &f §frint cycling on peak power, rate of w
fatigue, and magnitude of muscle fatigue in males (N = 9) and females (N = Ifda\M@s
determined for all Ss. On a separate day, Ss performed thrasgcsatint tests, each 30 seconds £
long with five minutes of rest between each trial. The resistance during the sprint test was setét
0.7 x body weight. Peak power (PPWR), mean power (MPWR) and overall fatigue index (FI =,
(peak- minimum power)/30 s) was timined for each trial. The rate of muscle fatigue (RMF) |
was determined by linear regression of power output from 5 to 30 seconds of exercise so as ta
exclude the rapid initial decline in power output at the onset of exercise. +
>
Both peak and mean power wesignificantly higher in males than females in all three trials. Q
Peak and mean power decreased progressively in both genders from trial 1 to trial 3 and -
remained significantly higher for males than females in spite of the correction for differences i@
body mass. The relative decline in power output (i.e. expressed as % from initial values) was .
similar between the genders (averaged across trials: males = 69.9%; females = 67.0%). The rétio
of IEMG to power output was consistently lower (p<0.05) in malesféraales across each of

the trials. =

Implication . Both genders are similarly resistant to sprint cycling fatigue.
GENDER DIFFERENCES IN THE RESPONSES TO ENDURANCE EXERCISE
Vislocky, L. M., Gaine, P. C., Martin, W. F., Pikosky, M. A., & Rodriguez, N. RO@. Gender

differences in plasma substrates and hormones in response to endurance Blesditse and
Science in Sports and Exercise, 38(®ypplement abstract 1989.

This study attempted to identify gender differences in plasma substrates amthé®responses
following an endurance exercise bout in healthy, trained runners. Following consumption of a
eucaloric diet which provided 1.8 g/kg/day protein and 30% total energy as fat for eight days,
blood was collected from trained male (N = 6) andden{N = 6) endurance runners at rest and
during recovery from a 75 min run at 70% &x Substrate and hormone assessments and
changes were compared between males and females.

«
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Gender differences existed for plasma glucose and lactate, and 15 minutes following exercise for
lactate. No differences were noted in free fatty acids. Changes in insulin, cortisol, growth
hormone, and free IGFlevels in response to exercise differedimen females and males.

Implication . Gender differences exist in responses to exercise. It is possible thatgecéc
training programs and nutritional interventions will be required of the modern coach.

STRETCHING DOES NOT INFLUENCE VERTICAL JUMP HEIGHT IF A WARM -UP
IS PERFORMED

Dalrymple, K., Davis, S., Dwyer, G., & Moir, G. (2007). Effect of static and dynamic stretching ..
on vertical jump performance in collegiate women volleyball playe€SM Annual Meeting
New OrleansPresentation Number, 144

T bis

4
\

BC

This study determined the effect of stretching on peak jump height during vertical jump
performance. Three conditions were experienced, 1) no stretching, 2) static stretching, and (3)—
dynamic stretching. Each condition was performed immediately bedorgermovement
vertical jump testing in female volleyball collegiate athletes (N = 12). Data were collected over=
three weeks. Each S performed all three stretching protocols, one session per week, with one
week of rest in between sessions. During eastimtg session, Ss performed a fivenute light Q
jog as a warrup, eight minutes of one of the stretching protocols, and then performed five -
maximal countermovement vertical jumps on a Kistler force platform. There was a one minutex
rest between jumps. 2

Cy

c

There was no significant difference between any of the conditions.
Implication . Vertical jump height is not affected by stretching if a wanms performed.

TIMES FOR RECOVERY OF NEUROMUSCULAR AND BIOCHEMICAL INDICES
DIFFER AFTER A SOCCER GAME

Andersson, JRaastad, T., Nilsson, J., Paulsen, G., Garthe, I., & Kadi, F. (2008). Neuromuscular
fatigue and recovery in elite female soccer: Effects of active recdMedicine and Science in
Sports and Exercise, 4372-380.

This study investigated the time coeisf recovery from neuromuscular fatigue and some
biochemical changes in elite females (N = 17) between two soccer matches separated by an
active or passive recovery regime. Measures were taken before, immediately after, 5, 21, 45, 51,
and 69 hours afterfast match, and immediately after a second match. Some Ss (N = 8)
performed active recovery (submaximal cycling at 60% ofektBnd lowintensity resistance

training at < 50% 1 RM) 22 and 46 hours after the first match.
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After the first match, there wassignificant decrease in sprint performance, countermovement
jump, and peak torque in knee extension and flexion, and an increase in creatine kinase, urea,
uric acid, and muscle soreness. Sprint ability was first to return to baseline (after five hours)
followed by urea and uric acid (21 hours), isokinetic knee extension (27 hours) and flexion (51
hours), creatine kinase, and muscle soreness (69 hours), while the countermovement jump was
still depressed at the beginning of the second match. There wagnificant differences in

recovery factors between the active and passive recovery groups. The magnitude of the
neuromuscular and biochemical changes after the second match was similar to that observed
after the first match.

Implication . There are differeses in the recovery times of various neuromuscular and w
biochemical parameters in females after a soccer match. There was no difference between active

and passive recoveries in the four neuromuscular and three biochemical parameters. %
MAXIMUM STRENGTH AND VE LOCITY DIFFER BETWEEN THE GENDERS ;ﬁ(_

o

Nguyen, D., Uribe, B., Nishimura, K., Brown, L. E., Coburn, J. W., & Judelson, D. A. (2008). =
Gender effects on dynamic RVD and static RRBSM 55th Annual Meeting Indianapolis, +
Presentation Number, 1611. 3
Q

"Recent reseah on rate of velocity development (RVD) suggests that high velocity exercise .
should be performed concurrently with strength training. However, the need for proper exerciﬁ
prescription by gender has not been established."

=

This study examined differencestiveen rate of velocity development and rate of force
development between genders. College students (N = 40) attended two sessions with 48 hours of
rest between the sessions. In the first session, Ss performed three maximum isometric pulls (1
minute rest btween pulls) inside a power rack while standing on a force plate. In the second
session, Ss performed three maximum fpghs with 30% of their maximum isometric pulls

with one minute of rest between repetitions. Ss also performed three maximum

counterme@ement vertical jumps with arm swing on the force plate with 15 seconds rest between
each repetition.

The four variables measured were high pull peak velocity, maximum high pull rate of velocity
development, maximum isometric force, and maximum rate oéfdevelopment. There was a
significant difference between genders for both maximum isometric force and high pull peak
velocity, but there were no differences for rate of velocity development and rate of force
development.

Implication . Maximum strength ahvelocity differences between genders can be explained by
gender inequity in muscle size.

«
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HEAT STRESS AFFECTS HIGH ABILITY MARATHONERS MORE THAN LOWER
ABILITY ATHLETES

Ely, M. R., Matrtin, D. E., Cheuvront, S. N., & Montain, S. J. (2008). Effect of$tezgs on
marathon pacing is dependent on runner abAgSM 55th Annual Meeting Indianapolis,
Presentation Number, 1932.

This study determined how heat stress influenced the pacing of runners of differing abilities
throughout a marathon. Raceresute r e obt ai ned from three Japane
marathons that includedidn splits, finishing time, and corresponding weather conditions. A

total of 62 race yearso® outcomes were analfyze
place finishes.

The difference between the first§km) and last (3810-km) 5-km split times (the pace
differential) for the 100th place finishers was the same in cebD{&) as temperate (1521.°C)
conditions. The pace differential for the 50th place finisherdeé to increase with heat stress
but was not significantly different. In contrast, heat stress resulted in a slowing of pace for the
25th place finishers and race winners.

ICy T BC X b

Implication . Heat stress had a greater negative effect on the ability of fastersuwinner,
25th place) to maintain race pace while having no significant effect on slower runners (50th,
100th place).

n KOH r KOF

ULTRADISTANCE RUNNING PERFORMANCES ARE SIMILAR FOR THE
GENDERS WHEN MATCHED FOR 50-km RUNNING SPEED

Hoffman, M. D., (2008). Gendeelated performance comparison for ultramarathon trail
running. ACSM 55th Annual Meeting IndianapolisPresentation Number, 2182.

This study determined if women matched with men for age and performance in a 50 km trail
ultramarathon performed differently than the men in 80 km and 161 km trail ultramarathons.
Race results from 1990 to 2007 were examined to identify finishers of thg Téb Cool" 50

km Race, American River 80 km Race, and the 161 km Western States Endurance Run in the
same year. Matching of women with men for age (within 5 years) and 50 km finish time (within
4%) yielded 86 unique pairs from which 161 km performanaae wompared and 39 pairs in
which 80 km performances could also be compared.

The average ages of the men and women weri4zars. Running speed for 50 km was
152+20 m/min for both genders; for the 80 km race (151 + 20 and 150 + 22 m/min for the
womenand men, respectively), and for the 161 km race (102 + 13 and 103 = 12 m/min for the
women and men, respectively). There was no difference between the genders for any race.
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Implication . There is no gender difference in 80 km or 161 km trail running peafacenfor
women andSUBSTRATE UTILIZATION SIMILAR BETWEEN GENDERS IN LONG -
DURATION EXERCISE

Harger, S. G., McClaughry, A. E., Gaskill, S. E., & Ruby, B. C. (2006). Effects of carbohydrate
supplementation in men and women during long duration exekdesticine and Science in
Sports and Exercise, 38(55upplement abstract 1397.

This study evaluated the effects of CHO supplementation on whole body and muscle substrate
utilization during prolonged, discontinuous exercise in recreationally trained mates)(Anhd
females (N = 6). Ss performed a graduated exercise protocol on a treadmill and electronically #
braked cycle ergometer to determine ventilatory threshold (VT) ang3@ a double blind,
random crossover design, Ss received either a CHO [20%duweatrin (0.6g/kg FFM/hr)] or %>
(&)
m

q b

flavored placebo drink each hour. Treadmill exercise was performed at 44+48%x\aDd

71+3% ventilatory threshold. Cycle ergometer exercise was performed at 42+4%a\40d

72+4% ventilatory threshold. Hourly exerciseluded nine minutes on an upper body +
ergometer, 19 minutes on the cycle ergometer, and 20 minutes on the treadmill, followed by a™
10-minute rest and feeding period. A standardized breakfast and lunch (5 g’/kg BW CHO, and 92
g/kg BW PRO) were provided famoth trials. Muscle biopsies of the vastus lateralis were -
performed preand postexercise, and expired gases were collected every other hour during the?

treadmill segment of the trial. Blood glucose (BG) was measured continuously using an —
indwelling glucog sensor, and total urine void was collected. 5

Using a threavay ANOVA (gender x trial x time) there was no significant interaction in whole =
body and muscle substrate utilization. A main effect was seen for time in CHO oxidation, fat
oxidation, and bloodlgcose. A main effect was also demonstrated for trial in muscle
glycogenolysis rate.

Implication . Ingestion of CHO during lonrduration, lowintensity exercise appears to have no
gender specific effect on whole body substrate utilization. Although CH&3tilogp decreases
muscle glycogenolysis there is no gender specific effect.

men who are matched for 50 km trail running performance.

CARBOHYDRATE SUPPLEMENTATION IMPROVES ENDURANCE
PERFORMANCE IN FEMALES

Welsch, E. A., Sedlock, D. A., Flynn, M. G., Gledn, & Park, kS. (2006). Carbohydrate
supplementation during prolonged intermittent exercise in woMedicine and Science in
Sports and Exercise, 38(5%upplement abstract 1400.
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"Intermittent activity is characteristic of some team sports and/oritiginegimens. The
preferred strategy by many athletes for minimizing fatigue and increasing carbohydrate (CHO)
availability throughout these events is to consume @d@aining beverages during the rest

periods. Research suggests that men experience penfice improvements following CHO

ingestion, but it is unclear whether women respond as favorably to CHO supplemenidtien”.

study determined how women respond to CHO supplementation during prolonged intermittent
exercise. Endurandgeained female runner(N = 10) completed two intermittent treadmill runs
separated by one month (i.e., during the follicular phase of the menstrual cycle). Trials were
doubleblind and counterbalanced, and consisted of foumute steady state (SS) running

bouts at 70% Verax, each followed by a-finute rest period. A 5k seffaced time trial

performance run (TT) immediately followed the last rest period. Subjects ingested test beverages
[6% CHO solution or an artificially sweetened placebo (P)] during the rest periadsd&se
was 0.6 g CHO/kgBW/h (~250mL). Perceived exertion ratings (RPE) and fingertip blood
samples were taken during the last two minutes of each ss¢agyexercise bout and
immediately after the time trial.

C Xd bims

Time trial performance significantly improgtevith carbohydrate compared to placebo, although =
ratings of perceived exertion were similar between trials. Lactate and CHO oxidation tended te-
be higher with CHO. Steaeltate data showed significantly higher blood glucose with CHO, but>

glycerol and lacte were similar between trials. Q
LL

Implication . Carbohydrate supplementation in enduramnamed women improved running Q
performance while maintaining the same perception of effort. -
I

CHO MEALS BEFORE EXERCISE DO NOT INFLUENCE TIME TO FATIGUE Q

=

Gyorkos, A. M. Michael, T. J., Cheatham, C. C., & Ricard, M. D. (2006). The effect of
glycemic index and timing of meal on exercise to fatiddedicine and Science in Sports and
Exercise, 38(5)Supplement abstract 1401.

This study investigated the influence of aarpdrate (low and high glycemic index) feedings

and timing of meal before exercise to fatigue. Ss (N = 5) performed a peak bike test and four
experimental trials, separated by seven days. Upon arrival, Ss ingested 1 gm/kgBW of
carbohydrates of a high glyoéc index meal (H) or a low glycemic index meal (L) before

exercise to fatigue. Ss waited 30 or 60 minutes following each test meal, totaling four
experimental conditions (H30, L30, H60, L60). These conditions were completed in a
counterbalanced fashionh@& exercise regimen was consistent following each meal; 90 minutes
cycling at 70% peak oxygen consumption Q¢ followed by an alout sprint until fatigue.

The subjects, for the é@inute trial, had blood draws taken-a0, 0, +10, +30, +60, +90

minutes, and fatigue. One less blood sample was taken from the subjects waiting 30 minutes (O,
+10, +30, +60, +90nin, and fatigue). Heart rate was taken at rest, every 10 minutes of exercise,
and at fatigue. V@and respiratory exchange ratio measuremente vagen for the first 30

minutes of exercise and at 10 minutes surrounding each blood draw.
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No significant statistical differences were found for any of the variables between trials (H30,
L30, H60, L60) including blood glucose, blood lactate, RPE, RER, ¥l performance time.

Implication . The timing and glycemic index of meals did not influence time to fatigue. In
addition, blood glucose levels remained essentially the same between conditions.

PALPATED HEART RATES DELAY OBTAINING ACTUAL TERMINAL HEART

RATES
John, D., Sforzo, G. A., & Swensen, T. (2006). Rogrcise heart rate measurement after group
exerciseMedicine and Science in Sports and Exercise, 38&)pplement abstract 1934. w
&
E:]
This study measured the typical delay in obtaining-pastci® heart rate by Ss in a group ;ﬁ(_

exercise class and to determine if actual exercise heart rate can be predicted from immediate ,
postexercise heart rate recovery. Females (N = 41) were filmed during an exercise class. Films
were reviewed to determine time takier Ss to obtain selfalpated heart rates at the exercise
class midpoint and engpoint. Actual heart rate was recorded insBzond intervals during and
for one minute after exercise with a heart rate monitor. Ss were blind to heart rate measures.

ICy t

Theaverage delays before obtaining mpidint and engpoint self measured heart rates were
~19.5 and ~17.8 seconds, respectively. There was a significant difference between actual an
selfmeasured heart rates at both times. There was a reasonable corpelateen actual and
selfmeasured heart rates.

tOH P OF

n

Implication . Differences between actual and seléasured heart rates are attributable mainly to
the near 2&econd delay before a palpated heart rate can be obtained. However, because of the
relationship between actual and sekéasured heart rates, the implicatidrusing palpated heart
rates is similar to that obtained through actual heart rates. This relationship lasts only in the first
minute posexercise because heart rate declines linearly.

ENDURANCE WORK IS MORE CATABOLIC IN FEMALES THAN MALES

Rodriguez, NR., Gaine, P. C., Pikosky, M. A., Martin, W. F., Vislocky, L. M., Bolster, D. R.,
Ferrando, A. A., & Wolfe, R. R. (2007). Gender comparisons of skeletal muscle protein turnover
following an endurance exercise baudedicine and Science in Sports and Exgse, 38(5),
Supplement abstract 1984.

The purpose of this investigation was to compare skeletal muscle protein turnover in response to
an acute endurance exercise bout in trained male and female runners. Measurements were taken
of mixed muscle fractical synthetic rates and breakdown rates in the vastus lateralis muscle of
runners (M = 6; F = 6) following a #®inute run at 70% V&eak
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Fractional synthetic rates pesstercise were similar between genders. Breakdown rates post
exercise were greater flmales than males and net balance was more negative for females than
males.

Implication . These findings suggest that endurance exercise may be more catabolic, with respect
to skeletal muscle protein utilization, in female than in male endurance athletes.

MUSCLE COOLING ONLY AFFECTS MUSCLE PERFORMANCE AT FASTER
SPEEDS

€

Wilson, S. M., & Ecker, K. R. (2006). The influence of ice immersion on muscle force
production, power, and total work in NCAA intercollegiate female athldtedicine and
Science in Sportand Exercise, 38(5)Supplement abstract 2128.

4
\
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"The influence of ice immersion on strength, power, and total work has shown to decrease peak
power output, per one degree Celsius fall in muscle temperailhes'study determined the +=
effect of ice immesion on isokinetic muscle strength, power, and endurance of the quadrlceps =
femoris muscle in NCAA intercollegiate female athletes. Q

LL
Female athletes (N = 23), performed five maximal repetitions at 30 degrees per second and 60
dps, and 15 maximal repetitioas 180 dps on a standard Biodex machine. Between each
velocity change, there was a-88cond rest period. Ss were placed on the isokinetic
dynamometer for a familiarization period before testing. On the first day of the testing, Ss
performed either the ctmol or the experimental condition followed by knee extension and
flexion exercises. The control condition consisted of a quiet activity, crossword puzzles,
computer games, or reading with the investigator for 20 minutes. The experimental condition
placedthe Ss up to their gluteal fold in an ice immersion of 10°C for 20 minutes. Strength,
power, and total work of the quadriceps femoris after the quiet and ice immersion sessions were
compared.

nkHT

There were no significant differences between the testing camglin strength, power, and total

work at 30 or 60 degrees per second. However, as the joint movement increased to 180 degrees
per second, there was a significant difference in strength, power, and total work following ice
immersion when compared to thentrol.

Implication . Ice immersion decreased the isokinetic strength, power, and endurance of the
guadriceps femoris in females as the joint of movement increased throughout knee extension and
flexion. The use of ice to "cool the shoulder" of a basebw@her between innings could be
detrimental to subsequent performance.

MUSCLE FATIGUE CHANGES THE WAY MUSCLE GROUPS FUNCTION
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Ballantyne, B. T., &Shields, R. K. (2006). Muscle fatigue alters neuromuscular performance
during resisted weight bearing exercigkdicine and Science in Sports and Exercise, 38(5),
Supplement abstract 2404.

This study examined the effect of muscle fatigue on voluraadyreflexive patterns of muscle
activation and performance accuracy while tracking a visual target during the weight bearing

lateral step down exercise. A specially designed apparatus was used to provide controlled
resistance to knee motion during thestat step down exercise. Motion of the knee was

measured as Ss were asked to track a sinusoidal target waveform as accurately as possible during
the exercise. Absolute, constant, variable, and endpoint errors were calculated to evaluate
tracking performane. Random perturbations were delivered in 20% of the trials by unexpected%
releasing the resistance during the flexion phase of the exercise. Quadriceps and hamstring i
muscle activity were recorded during both perturbed and unperturbed trials. Femal&8)(N =
were tested before and after completing a repetitive submaximal eccentric quadriceps fatigue
protocol. A second group of 12 females served as controls. @

-
Muscle fatigue increased the level of quadriceps muscle activity throughout most of the exercise,
more during flexion than extension. Muscle fatigue also resulted in a reversal in the direction of
the constant errors during the extension phase of the exercise, causing Ss to lag behind the target.

Unexpected perturbations elicited long latency resparism®cterized by facilitation of the Q
guadriceps and inhibition of the hamstrings. Muscle fatigue increased the amplitude of this .
response. T
Q
=

Implication . These results indicate that muscle fatigue alters patterns of coordinated muscle
activity, which may reder subjects less able to cope with unexpected perturbations during
activities that require a high degree of accuracy. Unless muscles are fatigued (trained) in the
action they are to perform, specific conditioning, and therefore an effect on performainoat, w
occur.

[This study highlights the need to develop specific physical fitness for baseball pitching. That
fithess would stall the onset of fatigue allowing more precision pitches to be executed before a
pitcher would have to consciously change pitghdeliveries and eventually combat fatigue in an
obvious manner.]

FEMALE RUNNING PERFORMANCES ARE UNLIKELY TO EQUAL MEN'S
Nevill, A. M., & Whyte, G. (2006). Will women ever run (or walk) faster than men in-long

distance endurance eventd@dicine and Sience in Sports and Exercise, 38(8upplement
abstract 2745.
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These authors have reported that | inear model
middleandlongdi st ance (800 m, 1500 m, mile, 5000 m,
middledistamce (800 m and 1,500 m) world records. A
shapedo | ogistic curve provi ded -distabcemurtniagr f i t

and walking worldrecord speeds recorded during the past century were modeigdhusi
flattened Sshaped logistic curve.

The logistic curves produced significantly better fits to the world records than linear models. The
models identified a slow rise in wortécord speeds during the early years of the century,

followed by aperiodo facc el er a-tentury(gossiblydue th the professionalization

of sport and advances in technology and science), and a subsequent peakiacoodlld w
performances towards the end of the century. The predicted peak (asymptotielecortt

times (min:sec) were (men vs. women); 5,000m (12:12 vs. 14:30), 10,000m (26:11 vs. 29: 28) £
marathon (123:38 vs. 138:35), 20,000m walk (71:22 vs. 81:00).

'm
- : ~o
Implication. Many of the established men and womeno
walkingworlde cor ds ar e nearing their | i mits andge co
records are unlikely to ever reach those achieved by men. +
>
Return to Table of Contents for this issue Q
LL
RUNNING ECONOMY IS NOT RELATED TO MECHANICAL POWER Q

Heise, G. D., Rapacki, L., Dunlavy, J., White, G., Dounglomehunt, P., Binks, L., Poston, B.
Shinohara, M (2006). Relatlon between running economy and contmuous Jumplng mechanlc%
power measuresledicine and Science in Sports and Exercise, 38G)pplement abstract 863. =

"The interindividual variability in running economy has been explained by mechanical power
with limited success; however the recovery of elastic energy is typically not inatuded i
traditional mechanical power estimates. Runners utilizing more elastic energy, which is free of
metabolic cost, would be expected to be more economical (i.e., less oxygen cost for a given
distance)".

This study determined if mechanical power (measuréd avcontinuous jumping test) was

inversely related to running economy. The jumping test was designed to evaluate maximal
power, including the elastic potential of muscle. Healthy, experienced, female runners (N = 16)
performed a 6&econds, continuous jynimg test after a warrap. After at least Ioninutes of

rest, Ss performed a 3f@inute treadmill run at a setkelected, submaximal speed. Indirect
calorimetry was used to measure oxygen consumption during the final four minutes of running.
Running economwas defined as Vfaveraged over the final 30 sconds and normalized to
running speed (ml/kg/km). Mechanical power was calculated for the first 15 seconds, the first 30
seconds, and the entire 60 seconds of the jumping test and each measure was eotrelated
running economy.

«


http://coachsci.sdsu.edu/csa/vol145/table.htm

Mouwafak Al mola Documents 21
The Female Athlete

Mechanical power decreased as longer durations of jumping were analyzed. The range of
running economy, when expressed as a percent of the mean, was 22%. Running economy was
not related to any measure of mechanical power.

Implication . Running economy is not related to continuous jumjnaged mechanical power
measures.

GENDER DOES NOT DISCRIMINATE HYPONATREMIA IN IRONMAN
TRIATHLETES

Sallis, R. E., Longacre, M., & Morris, L (2006). Hyponatremia of exercise in Hawaiian Ironman.,
triathletes.Medicine and Science in Sports and Exercise, 38&)pplement abstract 1042.

&
3
o
<
"Hyponatremia of exercise is a frequent condition among Ironman Triathletes and is a common
cause of collapse. Defined as a plasma sodium concentration less than 13ktennioil most m

often caused by drinking hypotonic fluid in excess of sweat losses. Slower runners and females
have been thought to be most at risk, presumably because they have a greater opportunity toS*
drink excessively". =
LL
This study examined the radaigh time and gender of athletes presenting to the medical tent ©
with hyponatremia (sodium levels less than 135 mmol/l) during the 2004 Hawaiian lronman .
triathlon. Entrants (N = 1727) were grouped into 6 classes based on their race finish times, which
werelabeled as class | (<10 hours; 7.1% of male entrants and .5% of female entrants), class |
(<11 hours; 28% of males and 6.7% of females), class Ill (<13 hours; 37.6% of males and 47.2%
of females), class IV (<15 hours; 12% of males and 26% of femalas$, \¢I(<17 hours; 7.2%
of males and 9.3% of females) and class VI (did not finish; 8.1% of males and 10.2% of
females). Hyponatremia levels were defined as mild-l®0), moderate (12529) and severe
(120-124).

Men (N = 40) and women (N = 15) registessanptoms of Hyponatremia. Eighteen (M = 14; F

= 4) were found to have plasma sodium levels <135 mmol/l. The 14 males represented 1.08% of
the 1297 male entrants, while the four females represented .93% of the 430 female entrants. Of
the 14 males with hyp@atremia, 10 were mild, 2 were moderate and 2 were severe. Of the 4
females, 3 were mild and 1 was moderate. Correlating the hyponatremia with race finish times,
we found that of the 10 males with mild hyponatremia, five were class I, four were class Il a
one was class IV. Of the two males with moderate hyponatremia, one was class Il and one was
class Il and in the two males with severe hyponatremia, one was class Ill and one was class VI.
Of the three females with mild hyponatremia, all were clasg/Hile the one female with

moderate hyponatremia was class VI.

Implication . There is no gender difference in the incidence of Hyponatremia in [ronman
entrants. Slower runners seemed to be at no greater risk than fast runners.

«
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HYPOXIA REDUCES THE POTENTIA L OF MUSCULAR ENDURANCE WORK
Matsuura, C., Gomes, P. S., Hayknowsky, M., & Bhambhani, Y. (2007). Cardiorespiratory

responses to resistance exercise under hypoxia in healthy subfestd. Annual Meeting New
Orleans,Presentation Number, 921.

This studyexamined the effects of acute exposure to hypoxia on muscle endurance and
cardiorespiratory responses to unilateral knee extensions at 50, 75, and 100% of 1 RM in healthy
Ss (M = 14; F = 10) who patrticipated in three test sessions, 48 hours apart.kdets of w
extensions were completed at 50, 75, or 100% 1 RM until volitional fatigue under normoxia and
hypoxia. The protocol consisted of two minutes of baseline, five minutes of rest (in normoxic of
hypoxic conditions), the kneextension exercises, four miesg of recovery, five minutes of rest
(normoxic or hypoxic conditions), the knegtension exercises again, and four minutes of
recovery. At 50% and 75% 1 RM, the knee extensions were performed dynamically at a
controlled cadence of two seconds each a#d 60isometric contraction.

yt BCc XTI h

The duration of knee extensions was significantly longer under normoxia that hypoxia.
Endurance time was significantly higher in females when compared to males. There was a lower
relative increase in V& heart rate, and cardiactput, and a higher increase in ventilation

during normoxia than hypoxia. Stroke volume decreased during the exercises similarly in bottp

conditions but was different between genders (males decreased more than females). -
I
Implication . Hypoxia significantlydecreased endurance time during keggension exercises @

and increased the metabolic and cardiovascular responses in healthy males and females. Thi§
reduction occurred despite the fact that the aerobic contribution during the contractions increased
significantly.

ALTITUDE EXPOSURE STIMULATES INCREASED EPO IN DISTANCE RUNNERS;
NO GENDER DIFFERENCES

Chapman, R. F., Derchak, P. A., Stager, J. M., SBagdersen, J., & Levine, B. D. (2008).
Erythropoietin production at moderate altitude in elite enduramdetes is not mediated by
peripheral chemoresponsivene&€SM 55th Annual Meeting IndianapolisPresentation
Number, 1267.

"The level of erythropoietin (EPO) release by the kidney has been directly related to the severity
of hypoxic stress. However, taeute EPO response to a fixed altitude shows substantial

variability between subjects. Arterial B@ith acute altitude exposure is regulated in part by the
hypoxic ventilatory response (HVR), which also shows a widesntgect variability." This

study investigated if the ventilatory response to hypoxia influences the magnitude of EPO release
with acute exposure to moderate altitude. National class U.S. distance runners (M =17; F =9)

v
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participated in a test of isocapnic hypoxic ventilat@sponse at sea levelr2Zdays before
departing to an altitude training camp. Plasma EPO concentrations were determined-by radio
immuno assay on samples collected at sea level and after 20 hours of residence at 2,500 m.

No significant difference was obsedséor the hypoxic ventilatory response between the male

and female athletes. EPO was significantly increased froralptade (8.6 + 2.6 IU/mL, range

4.0 to 14.6 IU/mL) to acute altitude (16.6 + 4.4 IU/mL, range 5.0 to 27.0 IU/mL). There was no
significart gender difference in the magnitude of the EPO increase, despite the women having
lower baseline hemoglobin levels and O2 carrying capacity. The acute increase in EPO with
altitude exposure for all Ss was not correlated with HVR and no correlation vgasipbbetween
DEPO and HVR within the group of men or women. w

Implication . The variability in the acute EPO response to moderate altitude was not explained®
by differences in peripheral chemoresponsiveness in elite distance runners. It was suggested-?nat
factors acting downstream from the lung influence the magnitude of the acute EPO response
altitude in distance runners.

(&)

m

MALE SWIMMERS HAVE HIGHER LEVELS OF ANAEROBIC POWER AND +=
CAPACITY THAN FEMALES 3

Paradisis, G., Zacharogiannis, E., & Psycharakis, S. j2@8@@&erobic power and capacity in -
competitive swimmersACSM 55th Annual Meeting IndianapolisPresentation Number, 2118. ©
T

1~

This study assessed anaerobic power and capacity in competitive swimmers (M = 6; F = 6). A~
tethered swimming system using 7 npoé-stretched rope and a climbing belt was used for S
habituation and testing. Ss commenced the test by swimming submaximally to take up the rope
slack until a whistle was blown (on the sixth stroke as the right hand entered the water). Then
maximum effortcrawl stroke was performed for 30 seconds. Anaerobic power and capacity were
measured.

Anaerobic power (expressed as peak force) and capacity were significantly higher in males than
females.

Implication . Male swimmers have higher levels of anaerobic p@ame capacity than female
swimmers.

FEMALES DISPLAY DIFFERENT HEAT BALANCES TO MALES WHEN
MEASURES ARE CORRECTED FOR SMALLER BODY SIZE

Dorman, L. E., Jay, O., Gagnon, D., Webb, P., DuCharme, M. B., Reardon, F. D., & Kenny, G.
P. (2008). Sex differences human heat balance at the same intermittent work |8&5M
55th Annual Meeting IndianapolisPresentation Number, 1934.
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This study used wholbody calorimetry to determine differences in heat balance when males (N
= 6) and females (N = 6) work inteittently at the same absolute work load. Ss completed three
30-minute bouts of sermecumbent cycling separated by 15 minutes of seated rest at 30°C
within a modified Snellen wholbody air calorimeter. Changes in the rates of evaporative heat
loss and drheat loss were determined by direct calorimetry. The specific heat capacity of the
tissues was calculated with a DEXA scan. Rectal temperature was measured continuously.

There were no significant gender differences in metabolic heat production anctabtimlds
throughout exercise and recovery. Females also had a similar absolute evaporative heat loss o
males, however it was relatively higher when corrected for the smaller body surface area at the
end of all three exercise bouts. There were no signifidéferences between the genders in E
change in body heat content but when taking the females' smaller mass and lower specific h
capacity into account, significant differences were seen at the end of all three exercise bouts. .
Rectal temperature was alsignificantly higher in the females at the end of each exercise bout. |
m
Implication . Males and females had the same absolute metabolic heat production and total heat
loss, but females showed a higher evaporative heat loss when corrected for body saface are >
Females showed progressively greater changes in mean body temperature across all three =
exercise bouts due to their lower body mass and specific heat.

MALES HAVE A HIGHER HEAT LOAD WHEN WORKING AT THE SAME %VO  2AS
FEMALES

n KOH r KOF

Gagnon, D., Jay, O., Lemire,,BDorman, L., & Kenny, G. P. (2008). Sealated differences in
dynamic heat balance: Metabolic heat production consideraA@®8M 55th Annual Meeting
Indianapolis, Presentation Number, 1935.

"Sexrelated differences in thermoregulatory responses dueixercise in the heat have typically
been attributed to anthropometric characteristics. After accounting for such characteristics, and
when working at the same relative oxygen consumption)(¥&nales have been shown to sweat
less than males, while ma&ning similar core temperatures. However, workloads based upon
relative maximal V@do not take into consideration differences in rates of metabolic heat
production). Therefore, we evaluated the hypothesis thatetated differences in rates of
evapordive heat loss during exercise at the same relativear®due to differences in

metabolic heat production”.

This study determined if different rates of metabolic heat production elicited by workloads of the
same percentage of maximal ¥@ould result inproportional differences in rates of evaporative

heat loss between genders. Ss (M = 8; F = 7) cycled for 60 minutes at 40ivb &/kbt dry

environment (40°C, 30% RH) within the modified Snellen whadey air calorimeter. Ss were

matched for body surfa@ea to mass ratio and for maximal M@Ilative to lean body mass.
Evaporative heat loss and dry heat gain, as well as changes in body heat content were determined

«
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by direct calorimetry. Metabolic heat production was concurrently measured using indirect
cdorimetry. Rectal temperature was measured continuously.

Throughout exercise, metabolic heat production was higher in males compared to females.
Consequently, rates of evaporative heat loss were proportionally higher. That resulted in greater
changes in ddy heat content. This body heat storage resulted in a larger rise from baseline in
rectal temperature for males despite their greater total body mass and mean specific heat of body
tissues. When accounting for differences in total heat load howevernbereo differences in
evaporative heat loss between genders.

Implication . Despite working at the same percentage of,\li¢ higher metabolic heat load in o
males throughout exercise resulted in a higher absolute evaporative heat loss but also greater

charges in body heat content. It is important to consider metabolic heat production when E
comparing possible thermoregulatory selated differences during exercise. i
<

THREE IS BETTER THAN A FOUR WEEK TAPER IN SWIMMING o

m

Trinity, J. D., Pahnke, M. D. & Coyle, [E. (2003). Effect of taper duration on the time course +
for changes in maximal power of elite female swimmigledicine and Science in Sports and 3
Exercise, 38(5)Supplement abstract 1622. =
LL

®)

r

This study determined if the time course for changes in maximabmeiscular power is altered =
as taper duration is decreased from four to three weeks. Elite female collegiate swimmers (N g7)
performed the first taper before the conference championship meet and the second taper befdre
the national championship meet. Ting of meets was identical during the 2004 and 2005

seasons. An arm ergometer with inertial loading was used to measure power.

The largest increase in power (~18%) during 2004 occurred 22 days after the start of four week
taper. Power increased before 284 national championship (three week taper) by 12%
(significantly less than the longer taper). The largest increase in power (8.6%) during 2005
occurred at the end of the three week taper (before the national championships). The change in
power in the dur-week taper was 8.4%. In 2004, performances were reduced at the national
championships when compared to conference performances. Performances during 2005
improved at the conference championships with the increase maintained at the national
championships

[Editor's note: There was no control group in this study. Essentially, 2004 reactions were
compared to those of 2005. Since the results were different for each year, it is only a tentative
assertion that the conclusions of this report are indeed valid.]

Implication . A reduction in taper from four to weeks enabled maximal neuromuscular power
and performance to be obtained closer to competition.

«
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STATIC BALANCE TRAINING APPEARS TO HAVE SPECIFIC AND GENERAL
EFFECTS

Behm, D. G., Kean, C. O., & Young, W. RQ06). Task specificity of static and dynamic
balance trainingMedicine and Science in Sports and Exercise, 38&)pplement abstract
1757.

The objective of this study was to determine the traksipecific effects of static and dynamic
balance traimg on static and dynamic balance (muscle activation during landing), jump, and o
sprint performance. Recreationally active females were divided into static balance training (N=
11), dynamic balance training (N = 7), and control (N = 6) groups and were pestadd post
training Experimental Ss completed either static or dynamic balance exercises four times per
week for six weeks. Surface electromyography was used to assess preparatory and reactive
muscle activity of the rectus femoris, biceps femoris,thedsoleus during on@nd twofoot
landings following a jump. Maximum vertical jump height, static balance, amde28r sprint
times were also measured.

ICy T BC Xd bis

The static balanetaining group showed a 33% improvement in static balance and 9%
improvement iump height performances. There was a significant overall increase in reactive

rectus femoris activity when landing. The static balance group showed a 33% increase in reactive
rectus femoris activity, and significantly less reactive coactivation followaiging.

Implication . Static balance training appears to have specific and general effects on balance.

nkHT

RESTING IS AS GOOD AS CRYOTHERAPY FOR RECOVERING FROM REPEATED
STRENGTH MOVEMENTS AND AFFECTING THE NEXT EXERCISE BOUT

Wu, R:-P., Tseng, kW., HuanhC.Y., & Wang, Y-P. (2006). Effects of electrotherapy and
icing on damaged muscle during repeated sets exekbezbcine and Science in Sports and
Exercise, 38(5)Supplement abstract 2175.

Nonweighttrained females (N = 36) performed 30 eccergdtons with the noigominant

elbow flexors using a dumbbell set at 80% of maximal voluntary isometric contraction force. Ss
were then placed into a cryotherapy (N = 12), electrical therapy (N = 12), or control (N = 12)
group based on their maximal volunt&ontraction force (strength). Immediately after the
exercise Ss were treated for an hour. Ss then repeated the exercise. Measures were assessed
before, immediately after, and on days 2, 4, 7, and 10gx@stise.

The electrical therapy group decreafather in strength after the treatment whereas the
cryotherapy and control groups did not. There were marginal differences between the groups on
various measurement days. Generally, electrical therapy did not show any obvious advantages
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and to all intentand purposes resting is as good a cryotherapy for influencing muscle strength
and range of motion.

Implication . Cyryotherapy provides no distinct advantage over resting for influencing
subsequent repetitive strength performances.

[For baseball, this sugges wrapping the shoulder in ice would have no benefit over doing
nothing at all.]

RESISTANCE TRAINING ADDS NO FURTHER BENEFIT TO AEROBIC TRAINING
FOR AEROBIC TASKS

€

Staab, J. S., Sharp, M. A., Nindl, B. C., Rarick, K. R., Spiering, B. A., Hatfield, D. L.,
Yamamoto, L. M., Frykman, P. N., Harman, E. A., Gutekenst, D. J., Volek, J. S., Maresh, C. NI
& Kraemer, W. J. (2006). Comparison of three training programs for improving aerobic
performance in womemedicine and Science in Sports and Exercise, 38&)pplement
abstract 2587.

ﬂ:—?hﬂlHB
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This study evaluated the effectiveness of three training programs and determined the relative
contributions of aerobic and resistance training to aerobic fithess and performance of two @
aerobically demanding tasks. Untrained feaadN = 56) were assigned randomly to one of four .
groups matched for weight, height, strength, andm™Ocontrol group (N = 10; CT); resistance =
training (N = 18; RES); aerobic training (N = 13; AER); and combined resistance and aerobic @
training (N = 15,CB). Training was performed on three roonsecutive days per week for nine =
weeks. The resistance training group used a periodized model, performing three sets of seven
upper and lowerbody exercises per session. Aerobic training consisted-8020inues of

continuous running at 85% maximum heart rate, and progressive interval running. The
combined group performed both the resistance and aerobic exercise programs on the same day
(i.e., double the training load). \d&xwas determined using a treadmilnning protocol at

weeks 0 and 9. Timed two mile run (2MRUN) and two mile load carriage (2MLC) with a 72 Ib
rucksack were determined at weeks 0, 4, and 9. A repeated measures ANOVA was used for
statistical analysis.

The two mile load carriage improveder time for all groups combined with no significant
differences between groups. Over nine weeks, combined resistance and aerobic training
improved VQOmaxby 8.2% while aerobic training alone improved M@ by 5.5%. There was no
additional training effetcon two mile run performance in a combined resistance and aerobic
training group compared to aerobic training alone. Combined training did not improve the
performance of a load carriage task to any greater degree than the other training programs or a
nontraining control group.

Implication . Training that combines resistance and aerobic training produces no training
advantage over aerobic training alone on endurdnognated activities.

«
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ALTITUDE TRAINING REDUCES LEAN BODY MASS

Sucec, A. A., Hodgson, J. Adazard, A. A., & Roy, B. A. (2006). Body mass and lean body
mass loss during residence at moderate altitude (2,450 m) in female and male Mediernse
and Science in Sports and Exercise, 38(Sypplement abstract 2727.

The effects of 10 weeks ekposure to moderate altitude3200 m) on body mass, lean body
mass, and body composition on female and male distance runners were measured. Runners
continued competitive training following their track season; 7 females and 12 males trained and
residedat 2,450 m, while 9 males remained at-Esel. Training occurred six days per week

with similar mean distances [66 to 89 km/wk] and relative intensities [70 to 90% of HRmax] fo%

all groups. ;ﬁ(_
The sedevel control group revealed no mean changes irppgemeasures. No significant pre o
post changes were found for body composition in the altitude groups. There were significant o
mean losses in body mass and lean body mass for the altitude groups. +=
>

Implication. Ten weeks of exposure to moderate altitude irtliileges while training reduces Q
lean body mass. r
Q

STATIC STRETCHING INHIBITS ACCELERATION AND SPRINTING .

I

Sayers, A., Caputo, J. L., Farley, R. S., Fuller, D. K., & Jubenville, C. B. (20007). The effect 09
=

static stretching on phases of sprint performanedite soccer player&d CSM Annual Meeting
New OrleansPresentation Number, 1440.

This study determined if the acceleration and/or the maximal velocity phase -of a@t is
impacted by prgerformance static stretching in elite female soccer mag¢= 20). On two
nornrconsecutive days, Ss were assigned randomly to either a stretchingtoetobing

condition. On the first day, Ss in the-atvetching condition completed a standard wapn

protocol and then performed two-80sprints. Ss in thearetching condition performed the

standard warrup protocol, completed a stretching routine of the hamstring, quadriceps, and calf
muscles, and then performed twoB0sprints. On the second day, the groups experienced the
other condition.

The nestretching condition yielded significantly better performance characteristics of
acceleration, maximal velocity sprint time, and overall sprint time than the stretching condition.

Implication . Static stretching inhibits acceleration and sprint performance.

UNTRAI NED FEMALES LOSE STRENGTH FASTER THAN UNTRAINED MALES

«
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Deschenes, M. R., McCoy, R. W., & Holdren, A. N. (2007). Gender influences neuromuscular
adaptations to muscle unloadi®gCSM Annual Meeting New Orleand2resentation Number,
2363.

This study examined whether young men and women demonstrate different neuromuscular
adaptations to muscle unloading. Neuromuscular function of the right knee extensors in
untrained young men (N = 10), and untrained young women (N = 10) was quantifiezl dredor

after one week of muscle unloading. Peak torque was assessed during a maximal effort isometric
contraction with the knee set at a 95° angle, and during a set of five maximal effort isokinetic .
contractions performed at 1.05 rads/s. Electromyograpoydiangs were collected during the
one second isometric contraction. %
Although both genders experienced significant declines in peak isometric torque as a result oﬂ_
unloading, the relative difference from pte postunloading measures was significanthgater o
among women than men (~28% vs. ~15%). This was accompanied by a significantly greater o
unloadinginduced decrement in electromyography activity of the contracting thigh muscles in +

women compared to men. 3

~

Implication . Untrained women lose muscle sgémsignificantly faster than untrained men. The |
strength loss is likely to due to disturbances in the neural function associated with the strength
activities. Whether similar differences exist among trained athletes of both genders remains ta_be

evaluateGENDER DIFFERENCES IN STRENGTH LOSS AFTER ECCENTRIC T
EXERCISE Q
=
Sewright, K. A., Hubal, M. J., Kearns, A., Holbrook, M. T., & Clarkson, P. M. (2008). Sex
differences in response to maximal eccentric exerdséicine and Science in Sports and
Exercise, 40242-251.

This study examined sex differences in strength loss, muscle soreness, and serum creatine kinase
and myoglobin levels after hightensity eccentric exercise of the elbow flexors of the non

dominant arm in men (N = 42) and women (N = 58). Skopaed 50 maximal eccentric

contractions. Maximum isometric voluntary contraction was recorded at baseline, immediately
after exercise, and at 0.5 (12 hours), 3, 4, 7, and 10 days after exercise. Blood samples for

serum creatine kinase activity and Mbne taken at baseline and at 4, 7, and 10 d after exercise.
Soreness was evaluated at baseline and at 0.5, 3, 4, 7, and 10 days after exercise.

Women experienced significantly greater relative strength loss immediately after exercise than
men. A greater peentage of women experienced more than 70% strength loss immediately after
exercise. Men exhibited a larger creatine kinase response partly because there were more men
who were high responders. There were no significant differences between the sexesxfor s
myoglobin or soreness measures. Generally, stronger but low relationships among creatine
kinase, soreness, and strenlgtbs measures were found in men.
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Implication . After eccentric exercise, women experience greater immediate strength loss than
men ad were more likely to be high responders for immediate strength loss; men experienced
greater serum creatine kinase activity than women and were more likely to be high responders
for increased serum creatine kinase. The explanation for high respondecentric exercise
remains unknownd.

GENDER DIFFERENCES OCCUR WITH HIGH -INTENSITY INTERVAL TRAINING
IN AVERAGE ATHLETES

Graef, J. L., Kendall, K. L., Smith, A. E., Walter, A. A., Beck, T. W., Cramer, J. T., & Stout, J.
R. (2008). The effects of acute higttensity interval endurance training in men and women. w
ACSM 55th Annual Meeting IndianapolisPresentation Number, 1296.

This study examined the effects of nine sessions otintginsity interval endurance training on
maximal oxygen consumption (\4t), ventilatory threshold, and time to exhaustion among
collegeaged men and women. Healthy men (N = 31) and women (N = 27) were measured for+
VOzpeak Ventilatory threshold, and time to exhaustion before and after completing nine sessions
of hightintensiy interval endurance training on a cycle ergometer over a-thee& period. Each =
training session consisted of five bouts of a 2:1 cycling work to rest ratio. Sessions were
performed in an undulating progression model, starting at 90% of the power atifidbeax
and eventually reaching 110%.

BC Xq bim
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Significant time x gender interactions were observed for all variableseaénd time to
exhaustion increased after the nine training sessions for the men. The women also demonstrated
increased in V@eak time D exhaustion, and ventilatory threshold. The delta scores fegedO

were significantly greater for the women than the men.

Implication . Nine sessions of higimtensity interval endurance training caused increases in
VO2zpeakand time to exhaustion for both the men and women, however, only the women
experienced increases in ventilatory threshold. The increaseszigaM@@re greater for the
women. In this particular population, the changes due teihighsity interval endance
training differed between the genders.

EFFECTS OF PASSIVE STRETCHING ARE SHORT-LIVED
Ryan, E. D., Herda, T. J., Hull, H. R., Hartman, M. J., Beck, T. W., Stout, J. R., & Cramer, J. T.

(2008). Time course for the effects of passive stretching on motsiedinous stiffness: A dose
response studWCSM 55th Annual Meeting IndianapolisPresentation Number, 1365.

This investigation examined the time course for the acute effects of two, four, and eight minutes
of passive stretching on musculotendinoiféngtss of the plantar flexor muscles. Healthy Ss (N
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= 12) performed the musculotendinous stiffness assessments before, after, and at 10, 20, and 30
minutes following the passive stretching treatment. Four randordigred trials were separated
by 3-7 days (a) control, (b) two minutes of passive stretching, (c) four minutes of passive
stretching, and (d) eight minutes of passive stretching. For the passive stretching trials, several
30-second consecutive passive stretches of the plantar flexors were teahipla dynamometer
where the lever arm passively dorsiflexed the foot to the point of discomfort, but not pain. Each
30-second stretch was separated by 20 seconds of rest until the total time under stretch for each
trial was completed. The control triednsisted of quiet resting for 15 minutes. To assess
musculotendinous stiffness, the dynamometer lever arm passively dorsiflexed the foot at 5° per
second until the maximum tolerable stretch was achieved and held for five seconds.
There were decreasesrtusculotendinous stiffness from pte poststretching for the twg
four-, and eighiminute trials. There were no changes from poel0, 20, and 30 minutes post B
stretching for any of the stretching durations. For the control trial, there was no @hange =
musculotendinous stiffness over all time periods. However, musculotendinous stiffness remai@d
depressed only at 10 minutes pssetching for the fourand eightminute trials when compared |
to the control condition. Musculotendinous stiffness wastgréar men than women across all o
joint angles, with musculotendinous stiffness increasing at each larger joint angle. =
>
Implication . All stretching conditions resulted in a decrease in musculotendinous stiffness pog
stretching, with the fourand eighiminute trial effects lasting only 10 minutes. The
physiological benefits of decreased musculotendinous stiffness resulting from practical
stretching durations (up to eight minutes) appear to be relatively short lived.

RESISTANCE TRAINABILITY DIFFERS BETWEEN T HE ARMS AND LEGS IN
FEMALES

n KOH r KOF

Marin, D. P., Ribeiro Fonseca, C. E., & Aylton Jr., A. J. (2008). Comparison of different rest
intervals among sets on bench press and leg press perforA@8M. 55th Annual Meeting
Indianapolis, Presentation Number, 1609.

This study evaluated differences among three different rest interval conditions on bench press
and leg press performance over four consecutive sets in female handball players (N = 7). Ss
performed three sessions of tests witkthd8r intervals between thessions. Four sets of bench
presses with a load of 75% of 1 RM were performed until exhaustion. The rest interval among
session sets was one minute; three minutes, and five minutes. The total repetitions completed and
the sustainability of repetitions (ni@r of repetitions in each set within a session) were

compared between the rest conditions and exercises.

Ss were unable to sustain the number of repetitions for the bench press when rest intervals were
one or three minutes. Sustainability was achievell avfiveminute rest interval. For the leg
press, sustainability was evidenced across all sets for all rest intervals.
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Implication . Female athletes fatigue much more when performing resistance exercises with the
arms than with the legs. With females, liegtrvals should be different between arm and leg
work.

ACTIVE RECOVERY BOOSTS VO 2uax VALUES IN FEMALE DISTANCE RUNNERS
Bosak, A. M., Rochus, A., & Vial, I. (2008). Effects of two minutes active recovery on a

A b o o s taeutedt usin@female distance runn&x€SM 55th Annual Meeting Indianapolis,
Presentation Number, 2181.

"Maximal aerobic capacity (V£&ay tests typically end at the point of volitional exhaustion.
However, previous research determined that concludingamal treadmill test with 2 minutes
active recovery and allowing averagely fit subjects to exercise a second time at the workload
eliciting volitional exhaustion results in significantly greater24@Qvalues (1.4% mean

increase). The potential effectstbis testing sequence (2 minutes recovery) oem@eadmill
tests has not been evaluated utilizing highly fit NCAA female distance runners."

ICy T BC Xd bis

This study examined changes in highly fit individuals'2M&values following two minutes of
active recovery"booster") at the conclusion of a treadmill graded exercise test to volitional
exhaustion. NCAA Division Il female cros®untry runners (N = 12) completed a maximum
treadmill graded exercise test to volitional exhaustion. Immediately following, twoesiofit
active recovery (0% grade; 2.5 mph) was performed and then Ss exercised to volitional
exhaustion a second time. The two maximum effortndvalues were compared.

n KOH r KOF

The second Vehaxtest was significantly higher than the first. The average improweafeer

the tweminute active recovery intervention was +2.1% with individual values ranging-from
4.1% to +9.2%. Three out of every four Ss benefited (+4.2% mean increase) from the booster
experience with individual increases ranging from +0.5% to +9.2%.

Implication. Two minutes of active recovery allows significantly greateeM@ralues to be
achieved by a large proportion of female distance runners during treadmill testing, which
supports previous Abooster maxo treadmil |l res

ATHLETE -COACH DIALO GUES ARE IMPORTANT
Mjaavatn, P. E. (2006). With whom do you talk? Young athletes and their conversations around

competition and trainingMedicine and Science in Sports and Exercise, 38&)pplement
abstract 1740.

This investigation examined differe@s in conversation patterns linked to physical activity and
achievements in sports in adolescents. Norwegian adolescents (N = 918;ytBanswered a
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guestionnaire about their conversation with peers, coaches, teachers and parents around
participationin sports and physical activity in general. The study included all students in grade 8
10 in six randomly sampled schools representing three different counties in Norway.

Thirty percent of the adolescents did not participate in organized sports. Aroundel8%arely

physically active outside school classes. Yet only 1 % of the students say they never talk to

friends about physical exercise. Those who compete in sports like talking about sports with

coaches and friends better than talking to parents.lGkeet scale (35 ) where 1 was i
talko and 5 was fAtalks frequentlyo, 31.3 % of
frequently talking with their coach about competitions and training. 34.3% of the boys and

32.3% of the girls said theydguently talked to their friends about these topics. 24% of the boys.

and 15.2% of the girls talked frequently with their father about sport activities, 10.5 % of the

boys and 15.2 % of the girls talked frequently with their mother. Only 1.2 % of the active E
adolescents reported they frequently talked to their teachers at school about sports. i
Young athletes (8%) reported they never had a conversation with their coach about organizedkj
training, 11% never talked about competitions, and 17% never talked alduagtan their @

own. There was a strong correlation between the number of training hours a week, the frequency

of conversations with the coach, and athl etes

who most frequently reported they had conversatiwith their coach were those most satisfied. =
Thd correlation is stronger among girls than among boys. This difference could be linked to the
gender of the coach because in Norway, few female coaches deal with boys while many deal©
with girls. -

I
There were rare conversations between athletes and coaches in individual sports than in tean®
sports. For example, 54.5% of girls and 44% of boys participating in cross country skiing =
reported they frequently discussed training with their coaches, while in soccer@&®8ys and
30.7% of girls reported doing so.

Implication. Some coaches seem to prefer-aray communication towards athletes rather than
a real dialogue. Real conversations may be more important to female athletes than to males.
Frequent training coulcehd to more opportunities to talk to the coach.

TASK AND EGO ORIENTATIONS VARY DIFFERENTLY IN SPORTS
Bock, S., & Batterham, A. M. (2006). Practical significance of contextual sensitivity of goal

orientations in youth spor/edicine and Science in Sports and Exercise, 38&)pplement
abstract 1743.

This study examined the sensitivity of goal orientations to different structured sport contexts.
Male and female high school athletes (N = 206) completediabk and Ego Origation in

Sport QuestionnairéTEOSQ), with the stem modified to reflect different sport contexts
Physical Education (PE), structured training and practice (TP), and competition (COMP).
Validity (and factorial invariance by gender) of the modified unsient was assessed using
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confirmatory factor analysis for each of the three sport context versions. A combination rule was
used to evaluate the adequacy of model fit.

The combination rule criterion was met for all three versions of the modified instrument

signifying adequate validity. Coefficient alpha for the TEOSQsdles ranged from 0.8 to 0.9

for the different context versions, indicating acceptable internal consistency reliability. For ego
orientation, the PE vs. COMP comparison was very likelyetgboys; 97% chance) and likely to

be (girls; 91% chance) practically significant. Statistically significant, but practically trivial
differences for task orientation were observed for PE vs. TP and PE vs. COMP for boys , and PE
vs. TP for girls. Simildy, for egaorientation in girls, TP vs. COMP comparison was statistically

significant but of little practical importance. w
Implication . Task orientation appears relatively stable, whereas ego orientation is contextually®
sensitive in physical activities. i
<

RATING OF PERCEIVED EXERTION RELATED TO RESISTANCE EXERCISE o
INTENSITY o

i

Lagally, K. M., Rock, B. J., McCaw, S. T., & Brown, D. D. (2006). Selection of resistance 3
exercise intensity using ratings of perceived exertion from the GRE8.Medicine and =
Science i Sports and Exercise, 38(53upplement abstract 2641. -
Q

I

This study evaluated the use of ratings of perceived exertion for selecting training intensity @
=

during resistance exercise. Women (N = 20) completed-asp@ition maximum (RM) test
for the chespress and knee extension exercises and were familiarized with the us©dfitte
Resistance Exercise Sc#@MNI-RES). Ss performed three training sessions over avigak
period. During these sessions, Ss were asked to select weights for the chestdkese
extension exercises that elicited the feelings of exertion associated with-REBItatings of 3,
6 and 9. Ss were unaware of the weights lifted in all sessions.

The selected weight increased as the rating of perceived exertion increaseddréno 3.
Intraclass correlation coefficients indicated good reliability for the weights selected at a given
rating of perceived exertion across the three sessions.

Implication . OMNI-RES ratings of perceived exertion can be used to select resistance exercise
training intensities.

WOMEN RESPOND WITH HIGHER PAIN RATINGS THAN MEN
Bement, M. H., Rasiarmos, R. L., DiCapo, J. M., Griffith, E. E., & Hunter, S. K. (2006). Sex

differences and reductions in pressumduced pain following submaximal isometric
contractionsMedicine and Science in Sports and Exercise, 38&)pplement abstract 2646.
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This study investigated the reliability of pain measurement and perception usingluagres

induced pain device, and examined the effects of submaximal isometric contractions on pressure
pain perception in men and women. Pain perception was assessed using a pressure stimulus
consisting of a 1 kg weight mounted on a plastic edge and pladeé @orefinger for two

minutes. Ss pressed a timing device when they first felt pain (pain threshold) and pain ratings
were reported every 20 seconds usingl® Gcale. At the first session, reliability of pain
measurement using the pressunduced pairdevice was assessed by measuring pain perception
before and after a 3Minute rest period. At the last two sessions, pain perception was measured
before and after the performance of a submaximal isometric contraction of the elbow flexor .
muscles 25 minuteafter the first pain assessment. These last two sessions were randomized with
subjects performing an isometric contraction at 25% of their maximal voluntary contraction forée
until task failure or for two minutes. -

c Xa

Pain thresholds and pain ratings werikir before and after 30 minutes of rest for men and
women. However, women had lower pain thresholds and higher pain ratings than men before and
after the 3@minute rest. Pain ratings decreased for both men and women following the
submaximal fatiguing cdraction at task failure but not after therZnute contraction. Pain
threshold increased for both men and women following the submaximal fatiguing contraction &
task failure and after 2 minutes. "

@

y t

Implication . Pain perception is more likely to decread®iwing a lowintensity submaximal —
contraction held to task failure than after two minutes, and women have higher pain ratings arg
lower pain thresholds than men at rest and after the performance of submaximal voluntary

contractions. =

PREFERRED ACTIVITIES ARE MORE PLEASANT AND HAVE LOWER RPE
LEVELS THAN NON -PREFERRED ACTIVITIES

Bixby, W. R., Lochbaum, M. R., & Parson, M. (2006). The effects of choice on the temporal
dynamics of affective response associated with acute exdvigsicine and Science in Spty
and Exercise, 38(5)Supplement abstract 1000.

This study examined the influence of modality choice on affective response during and following
exercise. It was hypothesized that affective response during and following a most preferred
activity wouldbe rated as more pleasant than that observed during and following a least
preferred activity. Collegaged female university students from fitness classes (N = 42)
completed an exercise preference questionnaire and then performed their most prefeitsed activ
least preferred activity, and a lecture control condition on separate days. The activity conditions
were an instructor led aerobics class, exercising on cardiovascular equipment, and jogging on an
indoor track. Each condition consisted of-mbute kaseline period, a 3tinute activity period,

and a 18minute recovery period. THeeeling ScaleFelt Arousal Scaleand RPE scale were
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completed at the end of themtinute baseline period, at 5, 15, and 25 minutes into the activity
period, and at 5 and IBinutes into the recovery period.

Feeling Scalescores were higher during the activity and recovery periods in the most preferred
activity compared to the least preferred and control conditions, and were higher during the
activity in the control compared the least preferred conditidfelt Arousal Scalscores were
higher during the activity and recovery periods in the most and least preferred compared to the
control condition. RPE scores were higher during the activity and recovery periods in the most
and least preferred conditions compared to the control condition, and were higher during the
activity and recovery periods in the least preferred condition compared to the most preferred
condition. w

Implication . Ss experience a more pleasant activated dtaring and following a most preferred £
activity when compared to a least preferred and control/lecture activity. Perceived exertion w

higher in the least preferred activity than in the most preferred activity, indicating it was not as,..
pleasant and fethore difficult.

THE PARENT -AS-COACH IS PERCEIVED TO BE POSITIVE BY A MAJORITY OF
FEMALE ATHLETES
Corliss, C., Olson, M. S., & Williford, H. N. (20007). Selfe por t s of f emal e t hi
experiences with a pareabach in youth sports: A qualitative inguiACSM Annual Meeting
New OrleansPresentation Number, 2261.

nitOH 1 tOR, /ICy t BC

This study explored the most prominent aspects of the pavach experience in collegged
females who had had a par@aach in their youth sports career. Ss (N = 36) attending a
mediumsized university in the southeast who had a pareath in their youth (between the
ages 515 years) completed a researctieveloped survey. Sports represented were basketball,
softball, soccer, tennis, and swimming. Ss (83%) were coached by a fattef%arwere

coached by a mother.

There was a higher prevalence of positive versus negativeepelfted experiences. For

example, 64% indicated that the most positive aspect of having a-paeafitwasi s pe ndi ng
gual ity t iNeslyhalio4r®)ndicated.that the second most positive aspect was that

itwasi moti vati ng t o have The majarity€6r%) indicetedlai ntchreeiars ecdo &
p r e s dravingeaparentoach. Few Ss reported experiencifiggr eat er | ev el of u
negatN=abeodn unf ai r (Nr=@)deingthe dhildl of the coach. Frequent

recommendations encompassed themes related to egalitarianism, motivation and encouragement.
The most frequent recommendation (40%) was tor eat your chil d the sam
athletes . The second most frequent response (16%) wasntocot avoi d prai sing vy
fearing observers might perceive this as favo

Implication . The parenrtoach arrangement generally was perceived to have been a positive
experience by college female
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SPORTING PARTICIPATION DOES NOT AFFECT MATURATION IN FEMALES

Erlandson, M. C., Sherar, L. B., Mirwald, R. L., Maffulli, N., & Basfenes, A. D. (2008).
Growth and maturation of adolescent female gymnasts, swimmers, and tennis Mayase
and Seence in Sports and Exercise, 484-42.

"Intensive training at a young age may adversely affect the growth and sexual maturation of
female athletes, resulting in compromised adult stati®atpose: To compare the somatic
growth, sexual maturation, afidal adult height of elite adolescent female athletes. Serial w
measures of height, sitting height, and breast and pubic hair development were taken on female
gymnasts (N = 81), swimmers (N = 60), and tennis players (N = 81) between 8 and 19 years ¢f
age. Menarcheal age, parental heights, maternal menarcheal age, and number of training hou
were recorded. Final adult heights were obtained from a subsample of the athletes (N = 110).
Gymnasts were significantly shorter than tennis players and swimmersfatoaiblogical ages ;
during adolescence, and attained menarche at an older age. No significant differences were feund
in adult heights. During adolescence, no differences were found in standing height to sitting

height ratios, leg length to standing heigitios, or sitting height to leg length ratios between Q
sports. -
Q
Implication . Regular training does not affect final adult female stature and when aligned by  _
biological age, the rate of sexual maturation was similar in these young athletes. 5
=

RPE IS A GOOD MEASURE OF EXERCISE INTENSITY

Bolgar, M. R., Baker, C. E., Goss, F. L., Nagle, E. F., & Robertson, R. J. (2008). Effects of
training status and exercise intensity on differentiated and undifferentiated ratings of perceived
exertion. ACSM 55th Annual Meeting IndianapolisPresentation Number, 1638.

This study examined the effect of aerobic training status on components of the differentiated
perceived exertion model in young women (19 untrained, 22 trained) performing weight bearing
and nornweight bearing graded aerobic exercises. The first graded exercise test used a treadmill
and employed a modified Bruce protocol and terminated atMO he second graded exercise

test used a cycle ergometer where the initial power output wasd&@t\Was incremented by 25

W every three minutes until fatigue or inability to maintain a pedal cadence of 50 rpm. RPE
Overall,-Legs, andChest, as well as respiratory metabolic measures were recorded each
minute.

There were no significant differencestiveen trained and untrained groups for any of the three
RPE measures. All RPE's increased significantly as %M@ creased.
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Implication. RPE is a valid tool to track relative exercise intensity. It can be applied as
differentiated or undifferentiatedsponses regardless of training status.

THE FEMALE ATHLETE

This fifth issue,The Female Athletef Volume 2 ofCoaching Science Abstractlates a

number of studies which show distinct characteristics of female and differences between male
and female atletes. This compilation proposes that there is a unique science of coaching female
athletes. The popular notion of applying similar training principles and content to both males and
females is often erroneous and places female athletes in such situati@lisaalvantage. w

Coaches who train females seriously for sports need to be aware of the distinct nature and &
response features of pgaibescent, adolescent, and adult females. It is often dubious to asser
that research findings on male athletes can péegpto females without evidence to support %>
such a generalization. o
m

It is common knowledge that female athletes differ from males hormonally and structurally. That
has promoted an assumption that the female training response is only modified in terms of
magnitude when compared to males. As is shown in numerous abstracts in this issue, that limited
assumption can be seriously questioned and/or refuted.

The female athlete is worthy of distinct study even if only to assess thevatmzgion of

general traning principles derived from studies involving male subjects. The procedure of
combining male and female subjects into a single experimental group for research purposes
should be questioned on an individual study basis. There no doubt is validity ig haxed
gender experiments in some domains but equally, there is validity in separating the sexes in
others so that differences will not be obscured.

n KOH r KOF

The content of several studies reported here are not necessarily the main findings of the
investigationIf a research project reported significant differences between gender groups or if
significant correlations were reported for one sex but not the other those findings were reported.

As with all issues o€oaching Science Abstracthe content oThe Fembe Athleteis not
exhaustive of the topic. However, its content is powerful enough to warrant a specialization in
the female athlete.

TABLE OF CONTENTS

FEMALE STUDIES

1. MENSTRUAL DYSFUNCTION IN SWIMMERS
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Raglin, J. S., Kocjea, D. M., Stager, J. M., & Harms, C. A. (1996). Mood, neuromuscular
function, and performance during training in female swimmdeslicine and Science in
Sports and Exercise, 2872-377.

23. CROSS TRAINING SUPPORTED FOR GENERAL FITNESS

Loy, S. F., Holland, G. J., Mutton, D. L., Snow, J., Vincent, W. J., Hoffmann, J. J., &
Shaw, S. (1994). Effects of stailimbing vs run training on treadmill and track running
performanceMedicine and Science in Sports and Exercise, 251P1N51278
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24. AEROBIC TRAINING IN FEMALES OF VARYING AGES

Welsman, J. R., Armstrong, N., Chedzoy, S., & Withers, S. (1996). Aerobic training in E
10 yearold and adult femaleddedicine and Science in Exercise and Sports, 28(5), ﬁ
Supplement abstract 18 %>
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25. ENDURANCE TRAINING IN FEMALES o
..i_

Eliakim, A., Renslo, R., Barstow, T. J., & Cooper, D. M. (1996). Effect of endurance 5*
training on muscle volume and Y@axin adolescent femaleMedicine and Science in =
Exercise and Sports, 28(8upplement abstract 19 i
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26. RESPONSES OF JUNIOR TRIATHLETES s
I

Gibbons, T. P., Mulligan, .., Wilber, R. L., & Kearney, J. T. (1996). Physiological Q

-

responses in elite junior triathletes during field testiMgdicine and Science in Exercise
and Sports, 28(55upplement abstract 756

27. STRENGTH TRAINING HELPS RUNNING ECONOMY

Johnston, R. E., Quinn, T. J., Kertzer, R., & Vroman, N. B. (1995). Strength training in
female distance runners: Impact on running econdfaglicine and Science in Sports
and Exercise, 27(55upplement abstrad?7.

PERFORMANCE FACTORS
28. SWIMMING PERFORMANCE DIFFERENTIATORS
Kennedy, P., Brown, P., Chengalur, S. NN&Ison, R. C. (1990). Analysis of male and

female Olympic swimmers in the 100eter eventdnternational Journal of Sport
Biomechanics, 6187-197.

29. SEX DIFFERENCES IN CRAWL STROKE SWIMMING
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Dutto, D. J., & Cappaert, J. M. (1994). Biomechanical and physiological differences
between males and females during freestyle swimnhileglicine and Science in Sports
and Exercise, 26(5%upplement abstract 1098

30. STRENGTH AND ANAEROBIC RESPONSES IN YOUNG FEMALE RUNNERS

Thorland, W. G., Johnson, G. O., Cisar, C. J., Housh, T. J., & Tharp, G. D. (1987).
Strength and anaerobic responses of elite young female sprint and distance runners.
Medicine andScience in Sports and Exercise, 36-61.
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31 ROLLER SKI, RUNNING TREADMILL, AND RACE PERFORMANCES

Hill, M. R., Osbeck, J. S., Amico, V. J., & Rundell, K. W. (1995). Predictability of roller &
ski ra@ time in elite female biathletdgledicine and Science in Sports and Exercise, i
27(5),Supplement abstract 589 %>
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32. STRENGTH TRAINING EFFECTS DIFFERENT FOR PREPUBESCENT o
MALES AND FEMALES +

>

Isaacs, LD., & Pohiman, R. L. (1995). Specificity of strength training modes in Q
prepubescent femaldgledicine and Science in Sports and Exercise, 2%@)plement i
abstract 1016 Q
33. STRENGTH AND ENDURANCE TRAINING TOGETHER DOES NOT IMPAIR T
STRENGTH DEVELOPMENT 2

-

Blessing, D. L., Gravelle, B. L., Wang, Y. T., & Kim, C. K. (1995). The influence of co
activation on the adaptive response to concurrent strength and endurance training in
women.Medicine and Science in Sports and Exercise, 23{#plement abstract 1097

34. STRENGTH TRAINING INHIBITS AEROBIC ADAPTATION IN FEMALES

Gravelle, B. L., &Blessing, D. L. (1995). Physiological adaptation in women
concurrently training for strength and enduramdedicine and Science in Sports and
Exercise, 27(5)Supplement abstract 1098

PSYCHOLOGY
35. FEMALE OLYMPIC SWIMMERS DIFFERENT TO MALE OLYMPIANS
Rushall, B. S., Jamieson, J., & Talbot, D. (19P®ycholoqgical characteristics of

Canadian Olympic Games swimmeddsnpublished research report, Canadian Amateur
Swimming Association, Gloucestédntario, Canada

36. FEMALE NATIONAL TEAM SWIMMERS DIFFERENT TO MALES
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Rushall, B. S. (1994). Some psychological considerations for US National Swimming
TeamsAmerican SwimmindzebruaryMarch, 812.

37. PERCEPTION OF EFFORT

Koltyn, K. F., O'Connor, P. J., & Morgan, W. P. (1991). Perception of effort in female
and male competitive swimmeltaternational Journal of Sports Medicine, ¥27-429.

38. MOOD RESPONSES TO TRAINING IN BOTH GENDERS

Rohaly, K. A., Pierce, E. F., Hammer, W. L., & Pace, J. (1994). Gender differences in .
mood state response to training periodizatiddadicine andScience in Sports and

Exercise, 26(5)Supplement abstract 1117 %

39. FALSE FEEDBACK AFFECTS PERFORMANCE ;ﬁ(_
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Marsden, K., Garske, J. P., & Oqles, B. M. (1994). Effects of feedback, gender, and o
explanatoy style, on mood and performance in collegiate swimniédeslicine and +
Science in Sports and Exercise, 26&)pplement abstract 1114 3
MENSTRUAL DYSFUNCTION IN SWIMMERS L

Q@

Constantini, N. W., & Warren, M. P. (1995). Menstrual dysfunction in swimmers: iatist —
entity. Journal of Clinical Endocrinology Metabolism, 80402744. 5
[

The menstrual status of swimmers (N = 69; age = 16.9 yr) was investigated and compared to 279
agematched controls.

Age of menarche was significantly delayed among simmers (x.&wimmers (82%) had more
menstrual irregularities after menarche compared to controls (40%).

Levels of dehydroepiandrostedione sulfate and androstenedione, but not testosterone, were
higher than average in all ageoups of swimmers. This hormonal ptefis different from the
hypothalamic amenorrhea described for dancers and runners. It suggests a different mechanism
for reproductive dysfunction in swimmers that is not associated with hypoestrogenism, but
rather, with hyperadrogenism. A distinction amgdhe various types of athletic amenorrhea

should be made.

Implications. Female competitive swimmers are vulnerable to delayed puberty and menstrual
irregularities. The reasons for these occurrences are probably different to other sports and
specific to svimming.

BONE MINERAL DENSITY
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Heinonen, A., Oja, P., Kannus, P., Sievanen, H., Haapasalo, H., Manttari, A., & Vuori, I. (1995).
Bone mineral density in female athletes representing sports with different loading characteristics
of the skeletonBone, 17,197-203.

Competitive Finnish female athletes (N = 59), representing three sports with different skeletal
loading characteristics, were compared to a very activespeaifically fit group (5+ training
sessions per week) and a sedentary control groupdking sessions per week). Dual energy
X-ray absorptiometry was performed.

€

Squash players, aerobic dancers, and speed skaters had significantly higher bone mineral
densities at the sites of exercise loading associated with their sports than didf ¢itbertioer

two groups. High levels of general training which did not involve respeated specific intense &
loadings did not produce any increase in bone mineral density over sedentary individuals. i
It is suggested that bone mineralization is only affectelligity intensity efforts and loadings. o
m

Implication. Training which involves high strain rates in versatile movements and high peak +
forces is more effective in bone formation than training with a large number -Gbtoes 3
repetitions. S
LL

BONE MINERAL DENSITY IN SPORTS Q

Fehling, P. C., Alkel, L., Clasey, J., Rector, A., & Stillman, R. J. (1995). A comparison of bone=
mineral densities among female athletes in impact loading and active loadingBpoesl?, @
=

205-210.

Bone mineral densities in college fematkletes in volleyball (N = 8), gymnastics (N = 13), and
swimming (N = 7) were compared to a control group (N = 17).

A regional analysis of total body scans indicated the following.

1 Gymnasts had significantly greater bone mineral density than the othegsgat the right
and left arm sites.

1 The impact loading groups (gymnastics and volleyball) had greater bone mineral density
in the legs and pelvis than the swimming and control groups. Both groups had
significantly greater torso bone mineral density ttiencontrol group.

1 There were no differences at any site between the swimming and control groups.

Implication. Bone mineral density in women is only affected by impactful higixigrtional
activities. General rhythmic moderately loaded activities, siscswimming, do not influence
bone mineral density.

BONE MINERALIZATION IN TRAINED FEMALE RUNNERS
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Okano, H., Misunuma, H., Soda, M., Matsui, H., Aoki, I., Honjo, S., & Ibuki, Y. (1995). Effects
of exercise and amenorrhea on bone mineral density in teamraggrs.Journal of
Endocrinology, 42271-276.

The rate of bone formation is suppressed in amenorrheic runners.
EXERCISE AND BODY COMPOSITION IN WOMEN

Ullrich, 1., Bryner, R., Toffle, R., & Yeater, R. (1993). The effects of exercise intensity on body
composition in womerMedicine and Science in Sports and Exercise, 25{&#)plement w
abstract 316.

Low intensity exercise without dietary restriction will not result in weight loss or body
composition changes in young women. High intensity exerciseeasillt in body composition
change, but not weight loss.

THE GROWTH OF PHYSICAL CHARACTERISTICS IN MALE AND FEMALE
CHILDREN

ICy Tt BC Xd B

Borms, J. (1986). The child and exercise: an overvdearnal of Sports Sciences,320.

- KOF

I
" ...thereis an increasing awareness and concern on the part of parents and educationalistsc-2
about the possible harmful effects on children who participate at a progressively younger age ~
and with evetincreasing intensity in sports competitions desigmgadnd for adults.{p. 3)

Exercise and Growth

Boys and girls differ in stature. Girls experience their adolescent growth spurt and peak height
velocity on average about two years earlier than boys. The growth spurt of boys lasts longer and
is somewhaimore intensive than in girls. Subsequently, boys tend to catch up and then pass the
growth period of girls.

In any random sample, there is a remarkable range in body sizes in both sexes.

Still tenable hypothesis:Epiphyseal growth may be stimulated bysgisal activity to an
optimal length but excessive and prolonged pressure can retard linear growth.

There is no convincing evidence to support the view that regular and natural exercise promotes
an increase in body size.
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There have been no studies inldten of effects of training on bone growth and its mineral
contents although exercise does promote these factors (actually reverses demineralization) in
adults.

Aerobic Power

Aerobic power increases with age during childhood in both sexes and is quite similar. Girls
hardly differ from boys in the prepubertal period but, from the age of 14 years on their aerobic
power is significantly lower by about 15%. The maximal aerobiopadnce capacity in girls
reaches a plateau from 14 years onwards while in boys it increases up to the age of 18 years.
Thus, even though the aerobic capacity is fully developed aerobic performance continues to .
improve. That is because other growth fagteteh as larger levers, greater musculature, etc. are
still developing and govern the effectiveness and mechanical efficiency of aerobic activities.

The potential effect of endurance training programs oanvis not consistently shown in
studies involing children. Endurance training has been shown not to effect aerobic capacity
before 11 years. After the age of 12, an improvement inné&has been shown in males,
particularly swimmers. This suggests that there is an increased trainability of thangeart
circulatory system around puberty in males. However, studies at the International Center for =
Aquatic Research in Colorado Springs have shown that swimmers' aerobic capacity reaches it
ceiling level at the time of onset of the adolescent growth spurt.

T BC Xd bis

It takes a lot of intense aerobic training to produce shifts in aerobic factors in children. The
apparently high threshold of a stimulus for training effects oanvein children is probably
related to their naturally active lives. The stresses indogethortterm training are probably
small when placed in the context of the overall activities of childrerzmAdmprovements are
similar to those reported for adults when the training volumes and intensities are very high.

n KOH r KOF

VO2maxtraining effects arearger in swimmers probably because it is an unnatural and specific
activity (the starting point is much lower than those of other everyday activities).

Shortterm training programs (such as in schools) probably should not even consider improving
endurancén prepubertal children.

Boys and girls 7.6 to 10.3 years have shown a significant improvement in running performance
(up to 18%) but without an obvious increase in2#@x The improvements are probably due to
motor coordination and running techniqueisl$uggests that if V@naxis the only criterion for
aerobic fitness it may be misleading.

Implication. In prepubertal children, the gains from endurance training will largely result from
improvements in mechanical efficiency NOT a large change in physoabic power. Thus, for
endurance improvements, an emphasis on the techniques of performance is more beneficial than
the programming of assumed physiological stimulations of training.
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There is no difference between children and-tramed adults relate to physical capacity at the
anaerobic threshold.

In children, cardiovascular adaptation is efficient and similar to adults; muscle structure is
identical to adults; and glycogen storage mechanics and values are similar to adults.

Anaerobic Capacity

Unlike aerobic capacity, the anaerobic capacity of children expressed per Kg of body weight is
much smaller than adults. It is lowest in children and increases progressively with age in both
boys and girls. w

Little to nothing is known about the trainabjliof anaerobic capacity in children.

The ratio of aerobic:anaerobic metabolism contribution to exercise differs between children a
adults.

BC XJ bims

"Most researchers agree that a paced 3@3€&er run . . . . is less strenuous for children thana +
vigorous 208800-meter run . . . . instructions on running speed must be given, otherwise both
3000meter run and a 26800-meter run may be equally strenuous since lactate accumulation =
depends, among other things, upon running intensity. Even longer distance rur@Xmmin i
duration) for children are more justified than vigorous short sprints as they may also lead to the
maintenance of optimal body composition . . . . it is not the duration but the intensity of the effart
which could prove harmful (p. 9) 5
Implication. Children are endurance animals and are best suited to adapt to aerobic exercises:
Frequent and stressful stimulation of anaerobic metabolism will be particularly fatiguing and if
overdone, could be harmful. Children will fatigue rapidly in anaerobikkwhen compared to

their response to endurance work. The major content of swimming program for children should
be "distance" work at a comfortable level (anaerobic threshold and lower) with an obvious
concentration on skill, smoothness, and mechanifalezicy.

Strength

"In the prepubescent age, muscle weight is about 27% of the total body weight and the effect of
training on muscle hypertrophy is small so that strength gains are perhaps more the result of an
improvement in coordination . . . . Afteexual maturation [the onset of the adolescent growth
spurt], muscular development is influenced by androgenic hormones and the percentage of
muscle weight then increases to over 40%6.'9)

Since the increase in testosterone production in adolesc&lreaohs markedly higher in boys
than girls, boys will become stronger faster and to a higher degree.

Implication. If strength training is to be done with ppebescent children, exercises should
involve submaximal resistance, such as one's own body kgitt dumbbells, or medicine
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balls. Sophisticated and restrictive weight exercises, particularly on machines, are useless for
strengthlimited children. General, wholeody activities are more important and beneficial than
the same exercises used fospoubescent athletes.

Speed

" ... ayearly increase in sprint velocity has been noted from age 5 years until age 16 years for
boys, and until age 13 to 15 years for girls. The rate of development of speed seems to accelerate
in two phases. A first plsa occurs around 8 years of age, both in boys and girls . . . Probable
reasons for this are the development of the nervous system and improved coordination of arm
and leg muscles. A great variety of exercises involving the whole body should be offeredto .
children to stimulate improvement of this ability. A second phase . . . occurs around 12 years of
age for girls and between 12 and 15 years for boys . . . related to the increase in body size with
age and the concomitant increase in muscular strength, p@amdrendurance . . . slightly
higher performance levels for boys than for girls until the onset of adolescence when the
differences favoring the boys becomes more markpd10)

Flexibility

There is a gradual increase in flexibility with age as measured on-tedsiach test.

However, generalization is not clear because of the absence of studies and data that take int
account growth spurts and anthropometrical size changes (e.g., dongeproduce a better-sit
andreach measure).

nIOHT IOFP /ICy t Bc XT

Coordination and Skill Learning

Most authors agree that the sensitive skill learning period is between 9 and 12 years. Very early
training may produce learning of a less economical nature. Later startetsssoul catch up.

One must not confuse performance with skill. Early maturers will compensate, usually
advantageously, for lack of skill with strength and leverage.

Implication. Up to the age of 8, children should enjoy a variety of stimulating actitities

develop a general base of physical and movement aptitudes. From then on, more detailed
instruction in particular skills can be entertained but against a background of general stimulation.
It has been shown that, in general, children who specializewiflrlsick the "background™
development of capacities for flexible maximum responses in the later years, and higher
performance categories, of participation.

Early Maturation

" ... early maturation in boys is an advantage in some sports, but the t@pgpgilies in girls . .

. there is an apparent delay in maturity in sports where females who maintain preadolescent
physique seem to have an advantage. An ordering of sports on a continuum from participants
demonstrating early maturation through to latetaration might be as follows: alpine skiing,
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field events, swimming, synchronized swimming, track events, diving, figure skating, gymnastics .
" (p. 12)

Successful female athletes display physical characteristics that favor good performances (more
meomorph, less ectomorph); successful young female athletes have similar somatotypes to older
successful athletes.

" ... There is a trend towards increase linearity in these athletes and this linear physique
characterizes the physical attributes of latataming girls." (Carter, J. E. (1981). Somatotypes of
female athletes. In J. Borms, M. Hebbelinck, & A. Venerando, (Eise) female athletdasel,
Switzerland:Karger. w

Early maturing girls undergo a socialization process which does not motivate themo@ntp
excel in physical exercise. On the other hand;Haaturing girls tend to be socialized into sports
participation. Latematuring girls are older chronologically when they attain menarche and hav
not yet experienced the social pressures regamdingpetitive athletics for girls and/or are more
able to cope with the social pressures.

B
)
sy

Children and Adults

ICytBc P

The child differs in some aspects from the adult and is comparable in others. The training
principles appropriate for both groups are generaffgrént. That is because not only are
developmental factors different, but so are the skill/experiences that are taken into each
participation realm. Intensive training to acquire specialized sports skills at too early an age hg
more disadvantages thadvantages. Early specialization is by definition achieved at the

expense of developing a broader base of fundamental movement skills such as balance, agility,
and coordination, and usually occurs at the expense of learning other sports.

r KOk

Early specializatin, in a sense, produces the physical equivalent of a specialist who has little
competency outside of the specialty.

FEMALE SWIMMERS AND SOMATOTYPE
Siders, W. A., Lukaski, H. C., & Bolonchuk, W. W. (1993). Relationships among swimming

performance, body ooposition and somatotype in competitive collegiate swimnidrs.
Journal of Sports Medicine and Physical Fitness,1&&171.

Body composition and somatotype were correlated with sprint swimming (100 yd) performance
in females (N = 43) and males (N =)3Positive partial correlations were found between height
(-.47), mesomorphism (.40), ectomorphisid), percent body fat (.35), and-fate weight {

.33) in women. No significant correlations were revealed in the men. In 23 women, after
performances lthchanged over the competitive season, height), fatfree weight {.66),

body weight {.44), ectomorphism (.44), and mesomorphism (.39) were significantly correlated
with performance. No variables were related in men.
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Implication. Characteristics dbody composition such as percent body fat, height,
mesomorphism, and ectomorphism are related to sprint swimming performance in females but
not males. This suggests that females should pay more attention to their body composition if
sprint swimming is theicompetitive preference.

LACTATES AND COMPETITIVE PERFORMANCES

Bonifazi, M., Martelli, G., Marugo, L., Sardella, F., & Carli, G. (1993). Blood lactate
accumulation in top level swimmers following competitidhe Journal of Sports Medicine and
PhysicalFitness, 3313-18.

This study involved extensive testing of swimmers at four 25 m Italian Championship and 8

"European Cup" meets. Lactates were taken 5 min after event completion [Harrison et al. (19%)
say it should be 1 minute aftesee 1(5) ofCoachng Science Abstradts

Relationships also were determined for crawl stroke events between:

<
(&)
m
-
T Two 400 m repetitions at constant speeds separated by a 20 min rest period, at 85% a@d
100% of maximum speed. The speed equivalent to 4 mM was interpolatedrbdteree =
measures and deemed to be the criterion of aerobic capacity (V4).
1 Best time in crawlstroke races.

HT KOF

The day after competitions, two submaximal trials were conducted in a previously performed
event. Those two values were joined in a-Velocity graph and extrapolated to the La obtained @
after the previous race to reveal an estimated velocity. That redhippwas determined. =
The statistical analyses consisted of many ANOVA and Studests for comparisons and

many individual correlations to determine the significance of relationships. These procedures
raise the specter of inflated alpha levels dud¢ancreased probability of obtaining findings

purely through chance because of the many opportunities provided.

1. In 5 of 13 events males recorded significantly higher La values than females. There were
more events where there was no difference thanrdifte.

2. When V4 was related to crawl stroke events, it was related to only 400 and 800 m events
in females, and 200, 400, and 1500 m events in males. This supports the assumption that
V4 primarily is an aerobic test for it relates to those events thaeayenarkedly
aerobic.

3. When La measures were compared between events, in both sexes the following
differences were significant:

o 50 FR with 200 FR and 800/1500 FR;

o 100 FR with 800/1500 FR;

o 400 FR with 800/1500 FR; and

o 800/1500 FR with all BR, BK, FL, and/l events.
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A variety of other sex dependent differences were revealed but did not seem to "make
sense" from an hypothesized energy demand by event interpretation.

4. When all data were pooled, the modal value and the range of all values was less for
women tlan for men. This suggests that women respond differently to men, particularly
in terms of magnitude, in La in swimming.

5. When the two postvent, submaximal swims were performed and the La-tfr&"
extrapolated to the velocity corresponding to racettha relationship between each
expressed as (m/s)3 was .98 (Pearson Product Moment), an extremely high value.

Noteworthy Statements w
The observed La levels were less than those reported for running events of a similar duration
This is because, in $mming:

there is a smaller active muscle mass;

a lower maximal oxygen uptake;

an increased muscle blood flow during work; and
a different body position.

E N
ICy T BC X b

The lower levels are in agreement with Howat and Robson (1€821(5) oCoaching Science |,
Abstract3. If La values are lower for swimming than running, one has to question why the 4 ©
mM, a running value, was selected for comparison with swimming speeds? It would seem that.it
would be better to use 3 mM for women and 3.5 mM for men as deterbyrtéowat and
Robson for the "criterion of aerobic capacity”.

n FKOH

The mechanisms for women usually recording lower La values than men are as follows:

they have an inborn "glycogen sparing" metabolic profile (they use fats more efficiently);
there is less priounced glycolytic activity in skeletal muscle,

they have a higher capacity for lactate oxidation, and

they have a smaller active muscle mass.

=A =4 =4 =

However, despite those differences the majority of events displayed no significant difference
between the Laalues recorded by the groups according to sex.

Several references that were cited were particularly selective and did not reveal others which
contradict those chosen to serve as the basic premises for arguments used to derive conclusions.

Implications

1. The few and often inconsistent differences between events, sex groups, and submaximal
performances suggest that La is not a particularly valuable index of swimming work. The
authors conclude that the only notable finding of the study was the high relggionsh
between the postvent submaximal swims and the extrapolated event speed. It would be
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Hawley, J. A., &Williams, M. M. (1991). Relationship between upper body anaerobic power
and freestyle swimming performandeternational Journal of Sports Medicine, 1125.

Mouwafak Al mola Documents 53
The Female Athlete

interesting to determine such a relationship if the submaximal performances were
conducted prior to competitions rather than after.
La values in competitions are nmdrticularly sensitive to the demands of events. In
general, 800 and 1500 m events differ to the majority of other events in terms of the level
of La demonstrated 5 min after the completion of races.
One should be wary of placing much emphasis on Ladetys associated with
swimming training or competitive performances.

4. LACTATE LEVELS
DiCarlo, L. J., Sparling, P. B., Millar8tafford, M. L., & Rupp, J. C. (1991). Peak heart
rates during maximal running and swimming: implications for exercise presaoriptio
International Journal of Sports Medicine, 13)9-312. w

College fitness swimmers (M = 19, F = 15) were maximally tested in treadmill running £
and tethered swimming. £
It was concluded that treadmill heart rates should be reduced by 12 bpm to produce a 3
similar exercise demand for swimming. There were no differences between lactate levels
for either exercise mode, but females recorded lower levels than males.

Implication. It is not appropriate to take heart rate measures determined on a running
treadmill o in other activities and assume the same rates are applicable to swimming
(swimming usually has lower HRs). Beware when reading research articles on other

activities and "transferring" their results to swimming.

ICy 1t B

ANAEROBIC FACTORS

n KOH r KOF

The role of upper body anaerobic power in 50 and 400 m swimming performance was assessed
in 14male and 16 female trained swimmers. Peak power, mean power, and a fatigue index were
measured. The Wingate Anaerobic Arm Test was used to evaluate capacity foershonigh
intensity work. Cranking was performed against a constant force, predettmiyield

maximal mechanical power.

It was found that:

hONPE

5.

Peak power was related to 50 m performanaeF89; M .68);

Mean power was related to 50 m performance (F amd=M/8);

Fatigue index was related to 50 m performance only in femaleLg);

Mean power was significantly related to distances up to 400 m (X0€ /m8; 200 nr =
.60; 400 nr = .63); and

50 m performance was significantly related to all distances up to 400 m.

Some results, particularly the size of correlation coeffits, suggest differences between male
and female performers in anaerobic features.
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Upper body anaerobic power is related to sprint swimming. Its importance, although significant,
decreases as the racing distance increases. The Wingate Anaerobic Aapp€ass to be an
easily administered test of this capacity for swimmers.

Implication. The Wingate Anaerobic Arm Test could be added to a testing battery for evaluating
effective capacities in swimmers (particularly sprinters or potential swimmers)y hohde as
good a measure of specific training effects.

DIFFERENT ANAEROBIC TESTS FOR FEMALES

Rohrs, D. M., Mayhew, J. L., Arabas, M. S., & Shelton, M. The relationship between seven o
anaerobic tests and swim performantmirnal of Swimming Research, B(#5-19.

&

A
Tests of anaerobic power and capacity were related to performance in a heterogeneous grougz_of
college male and a homogeneous group of female swimmers. The tests were: 1) vertical jump,,
(VJ), 2) Margariakalamen stair climb (IWK), 3) seated shqgiut (SSP), 4) Wingate arm crank m
test peak power (WATP) and mean power (WATM), 5) biokinetic single right arm pull (SRP) +
and biokinetic single left arm pull (SLP), 6) 30 sec biokinetic bench power test (BBP), and 7) a>
30 sec tethered anaerobic swim testfmwer (ASTP) and mean force (ASTM). Tests were
administered in random order. Swimming performances were crawlstroke over 25 yd (22.86 m),
50 yd (45.72 m), and 100 yd (91.44 m).

IC

O

r

Performance in males was related to VIKMVATP, SRP, SLP, and BBP £ .86t0 .88). The T
highest relationship occurred in the test which best simulated the crawlstroke (BBP alternate ac1>=m
pulling). What is surprising is that the tethered swimming test was not related. =

Performance in females was related to ASTM (62- .44). That is the most related of all the
activities to swimming.

The difference between the sexes can be partly explained by the groupings. Determining
relationships is facilitated if the group being tested is heterogeneous, that is, it comprises a wide
range ofperformance and capacity measures. The male subjects were a diverse group. However,
with homogeneous groups (similar abilities and capacities), relationships are difficult to find.

Implications. The anaerobic testing of a homogeneous group (e.g., aalagam) will not

yield valuable scientific information. All that can be determined is scores for the tests. Within the
group, if one athlete scores better than another, that does not mean anything of significance about
swimming performance. It is incogeto compare swimmers on results from tests like these

when the swimmers all perform at the same standard. The only value would be to compare each
swimmer's past scores on tests, if changing test scores is important. It should be remembered that
alteratios in test results are not related to alterations in swimming performance 4stéunglard
swimmers.
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There may be some value in using anaerobic tests for talent identification. The swim bench test
might be a good preliminary test to locate +savimmers wi have high anaerobic power and
capacity. However, it should be remembered that these tests only partially reflect what is
involved in swimming and that they should be used in conjunction with other screening devices.

If any anaerobic testing is to be dowith higher caliber swimmers, it should be done in the
water, an activity that is more swimming specific than those done on land.

For swimming physiology research, before any testing is conducted, the nature of the group
should be assessed if relatioipshare to be investigated.

€

The authors cautionilt is questionable if a noninvasive test can assess an athlete's anaerobic
condition if it is not specific to the athlete's spo(p:' 15)

AN ENERGY METABOLISM DIFFERENCE IN WOMEN
Esbjornsson, M., Bodin, K., & Jansson, E. (1995). Muscle metabolism during a8t test

(Wingate Test) in females and malktedicine and Science in Sports and Exercise, 27(5),
Supplement abstract 448.

ICy T BC Xd bis

LL
Whether the glycogenolytic rate and alactic ATP turnover rate could explain the sex differencéin
anaerobic performance, expressed as total power output related to body weight (Wingate Test),
was determined. It was found that: T

Q@

T the glycogenolytic rate irhe type Il fibers was of similar magnitude in males and =

females,
T the glycogenolytic rate in the type | fibers was lower in females than males, and
1 there was no sex difference for the alactic ATP turnover rate during sprint tests.

The glycogenolytic ratbut not the alactic ATP turnover rate may be one factor explaining the
lower total power output in females when compared to males.

Implication. This is one feature that accounts for the energy supply and subsequent anaerobic
performance difference betweémales and males. They have a capacity to use ATP that is
similar to males, but when glycolytic activity is required, their function is diminished. When
females are expected to do "anaerobic" training, a greater proportion of their response will be
aerdic, rather than anaerobic, when compared to the response of males.

SEX DIFFERENCES SHOWN IN ANAEROBIC RUNNING POWER TESTS

Nummela, A., & Rusko, H. (1995). Gender differences in the determinants of maximal anaerobic
running powerMedicine and Science Bports and Exercise, 27(8upplement abstract 776.
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Gender differences in neuromuscular and metabolic components of maximal anaerobic running
power were investigated. Sprinters (M = 10, F = 13), who had competed in 400 m events, were
evaluated on a tréanill using a stepncreased speed until exhaustion.

Males had significantly higher maximal anaerobic power than females but the ratio between
power at 10 mM of blood lactate (a test of sprinting economy) and maximal anaerobic power
was significantly higbr for females. Statistically, for males sprinting economy, peak blood
lactate, and speed for 30 m were associated with 400 m performance. However, in females 400
m performance was only related to sprinting economy.

Implication. The determinants of 400 ranning performance were different for males and w
females. More factors were related to male than female performances. Sprinting economy was
related in both sexes indicating that running form is an important coaching focus. Females woéld
be better served lyoaching programs that focus on technique while males also would be well -
served with a technique emphasis as well as some development of particular physical capaci@s.
(&)

DIFFERENCES IN STRENGTH FACTORS IN ADOLESCENT BOYS AND GIRLS @

i

Clapp, A. J., Murray, TD., Walker, J. L., Rainey, D. L., Squires, W. G., & Jackson, A. S. 3
(1995). The effect of six weeks of resistance training on isometric and isotonic strength in =
adolescentdMedicine and Science in Sports and Exercise, 28E@plement abstract 118. -
O

A six-week isoinertial (isotonic) training program was undertaken by boys (N = 26) and girls (I\§
= 17) with ages ranging between 14 and 18 years.

=
Although the average strength of the boys was greater than the girls, the magnitudes of
improvements were similaFor boys there was a strong linear relationship between isoinertial
and isometric strength while there was none for girls. For girls, measures of isometric strength
may not be a valid assessment form for isoinertial strength.

Implication. When consideng strength training and assessment in adolescents, interpretations
should be different for the sexes. Strength stimulation, trainability, and test performances are
different for girls than boys.

SERUM FERRITIN AND INJURIES
Loosli, A. R., Requa, R. K., &arrick, J. G. (1993). Serum ferritin and injuries in female high

school cross country runneMedicine and Science in Sports and Exercise, 25{&)plement
abstract 129.

Female runners (N = 101) were assessed for Hgb, serum ferritin levels, ahdssnmguries.
Hgb averaged 13.4 gm/ml (range 11X5.2). Serum ferritin ranged from 7 ng/ml to 62 ng/ml
with an average of 20.5 ng/ml.
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There was no relationship between Hgb and injuries. The average ferritin levels iArheyo
group was 36 40% higher than the injury group. The third with the lowest ferritin values had
twice as many tinoss overuse injuries as the runners withhigiest values.

Implication. It is suggested that low tothbdy iron is related to sports injuries in some
populations, in this case female runners, and its role in sports injuries should be examined
further.

HEART RATES AND THRESHOLDS IN FEMALE ROWERS
Vukovich, M. D., & Alton, M. (1996). Comparison of lactate threshold, ventilatory threshold, .

and heart rate deflection point in female rowtedicine and Science in Exercise and Sports,
28(5),Supplement abstract 403.

c X9 bims

The associations between the heate deflection point (HRd) and lactate (LT), OBLA (4mM),
and ventilatory thresholds were assessed using female collegiate rowers performing a rowingm
ergometer task. It was found that HRd occured in female rowers and coincided with VT and +
(OBLA). However HRd did not coincide with LT and did not appear to be a strong predictor of ™

LT or OBLA. Q
LL
Implication. This is another example of the dubious value of heart rates for predicting other ©
aspects of the exercise response. It appears to be of little vafeenfde rowers and estimating
lactate threshold. T
Q
=

RELATIONSHIP BETWEEN HEART RATE AND LACTIC ACID

Howat, R. C., & Robson, M. W. (June, 1992). Heartache or heartlrealSwimming Times,
35-37.

The accuracy and precision of a swimmer's estimate of heart rate was determined.

The energy metabolism needed for any workload, and not the workload itself, is the deciding
factor for heart rate adjustment as well as for the threshold for prolongediMerkmaller the
muscle mass used to accomplish a given workload, the steeper the rise in heart rate and the
sooner the work will be interrupted by fatigue.

If the time required for oxygen intake, ventilation, and heart rate to return to resting values is
measured after work of a steashate nature, all variables will reach resting values at the same
time. After exhausting work, the reaction is different. Heart rate remains elevated anywhere from
five to ten times longer than the other factors. This isedly the need for glycogen reserves to

be restored. To accomplish that muscle metabolism must remain elevated because ATP is
required to synthesize glycogen from glucose. This activity is aerobic in nature. Elevated heart
rates after exercise support thechanisms to replenish supplies of glycogen.
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"The measurement of the heart rate pattern after exercise is useful in determining whether, and
by how much, the endurance [aerobic] performance capacities have been overloaded.” (p. 36)

Women must transpotthe same amount of oxygen to the working muscles with an average of
1.5 gm less hemoglobin per 100 ml of blood. This is equivalent2&acapacity. In women, the
average heart volume is smaller, so the lesser volume has to be compensated by a Higher hea
rate.

Study

Swimmers were instructed to perform aerobic swims at threshold. They were asked to count their
heart rates after a particular swim. One minute after completion of the exercise a whole blood
lactic acid analysis was conducted at poolsidgnners were divided in seniors and age
groupers.

C Xd bims

"Some extremely disturbing aspects of normal training became apparent. Irrespective of the
expected wide variations of swimmers' estimates of their heart rates, the percentage whose o
bodies are gaining arbenefit from training is at the most 33 per cent. This is similar to, and  +
with age group swimmers greater than, the degree to which they are inadvertently overtrainin@
A similar proportion of time can be spent unti@ining." (p. 37) =

LL
"Whole blood lacta levels of around 3 mM equates to the anaerobic threshold for females (3.5
mM for males). . . . it is critical that, at threshold, pulse rate determined training is at least 10 .
beats per minute less than in males, if the same training effect is deaiteck t recognize this =
important fact could result in major degrees of overtraining, especially in age group swimmers™
(p. 37) =

Using heart rates, such as those typically published to suggest a range within which a particular
type of training effect wilbe achieved, to estimate work will roughly undertrain 33%, stimulate
33%, and overtrain 33% of swimmers in a squad for the purpose of achieving the same training
effect.

When swimmers were instructed to train keeping their heart rates within a nangefoa

aerobic work prescription, the responses within the squad were anything but what was intended.
A uniform training intensity based on usual heart rate estimates for aerobic stimulation does not
result in a uniform training response, in fact, all mans of adaptation result within a squad. The
following table shows that the variety of responses are similar fegrayg and senior

swimmers.

Seniors Percentage 8.3 33.3 33.3 25

Training nil no increase increase decrease
effect aerobically aerobically
Age Percentage 4.1 25 33.3 37.5
Training nil no increase increase decrease
effect aerobically aerobically
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Lactate levels (mM) <15 1.5 - 24 25 - 34 >35

Implications. Using absolute heart rates as an estimate of training intensity across a stuad wil
train, undertrain, and overtrain swimmers in roughly similar proportions, that is, only one in
three will respond as intended. If different rates are not used for women, they will be grossly
overtrained because a given heart rate needs to be less fleartorteave an "equivalent”

intensity. Using heart rate "norms" to prescribe work intensities in swimming is more erroneous
than accurate for achieving particular types of physiological response. When interpreting heart
rates, lactate levels, and effortings the responses of females should be interpreted against
different standards to those of males

€

TYPES OF WEIGHT TRAINING SESSIONS AND STRENGTH IMPROVEMENTS

Calder, A. W., Chilibeck, P. D., Webber, C. E., & Sale, D. G. (1996). Comparison of whole an
spit weight training routines in young womedanadian Journal of Applied Physiology, 19,
185199.

ICly T BCXT his

Young women were subjected to three weight training regimes: (a) a whole routine (W) which
did four upper (five sets of-80 RM) and three lower body (fivets 1012 RM) weight training
exercises in two single sessions per week, (b) a split session routine (S) which did the upper body
exercises two days a week and the lower body exercises on two other days of the week, and @) a
control group which did no tiraing. Q

=
Both W and S groups changed similarly over 20 weeks of training in terms of 1 RM, arm curl,
bench press, and leg press. Arm and trunk lean mass increased similarly but only W increased in
leg lean mass. Wholeody lean tissue mass increased andlerhody percent fat decreased
with training in both groups.

LL

Implication. Young untrained women respond to weight training in terms of strength increases
and lean body mass changes irrespective of the exercise training schedule.

BASKETBALL PLAYERS' RESPON SES TO STRENGTH TRAINING OVER A
SEASON

Hakkinen, K. (1993). Changes in physical fitness profile in female basketball players during the
competitive season including explosive type strength traifiing.Journal of Sports Medicine
and Physical Fitness, 339-26.

Female basketball players (N = 10) were assessed throughowteeRZompetitive season.
Specific explosive strength training was performed throughout the season.
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No changes in VO<small>2max</small>, anthropometric, or maximal isometréxtegsor

force were observed. This suggested that the competitive and training regimes maintained
aerobic status. Significant increases in anaerobic work in a continuous jumping task as well
counter movement jump were observed. The nature of the isometegi@duction in leg
extension altered to show a shortening of the time to produce submaximal forces. Explosive
training effects were negatively correlated with initial values recorded at the season start.

The training effects observed could be attribwgdblthe initial low levels of Ss. However, the
training also could have offset a possible interfering effect of the overall volume of training and
competitive aerobic demands of the season of basketball.

€

Implication. In initially low-capacity (preseason status) young women, sggmrécific explosive

strength training during a prolonged competitive season can contribute to improvements in £
anaerobic function and explosive spgpecific activity. i
<

MALES AND FEMALES JUMP DIFFERENTLY o

m

Lee, E. J., Etnyre, B. R., Poindexter, H. B., Sokol, D. L., & Toon, T. J. (1989). Flexibility +
characteristics of elite female and male volleyball playk&rsrnal of Sports Medicine and 3
Physical Fitness, 2919-51. =
Q

Flexibility of the shoulder and hip flexors were correlated with jumping ability in male (N = 24)
and female (N = 22) volleyball players attending the United States Olympic Festival. 5
=

In males a positive correlation between hip flexion and approach Vgutiga was demonstrated
and supported the theory that the more flexible is an athlete, the greater is the skill performance.
However, the opposite was found for women, the greater the hip flexibility, the less was both
standing and approach leaping ability

This study points to a gender difference in jumping mechanics and performance characteristics.
Further investigation needs to be performed to determine correlates for female jumping ability.

Implication. For jumping, men and women are not influencedhgysame factors and therefore,
should be taught and trained differently.

FEMALES BETTER AT LONGER DISTANCES

Speechly, D. P., Taylor, S. R., & Rogers, G. G. (1996). Differences iranlttarance exercise
in performancenatched male and female runnéviedicine and Science in Sports and Exercise,
28,359-365.

Males (N = 10) and females (N = 10) were matched for marathon performance times.
Performances were compared at 10, 21.1, 42.2, and 90 km. Only at 90 km was there a difference
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with females being sigficantly better. At all distances females worked at a higher fraction of
VO2maxthan males.

At the completion of the 90 km race, plasma free fatty acids in females were half as high as in
males. During the race, females worked at approximately 60% oih¥@vhile males
performed at 50%.

These data show that females: (a) use more lipids irentlarance activities than males, (b)
sustain a higher work rate in terms of ¥fx (c) and possibly have a stronger disposition of
sustain "hard work" levels.hEse data do not show that females will eventually outperform
males.

€

Implication. Women are particularly suited to long and ultistance events and their
performance characteristics are as good as and often better than males of similar performan
levels.

FEMALES RESPOND NORMALLY TO LONG -TERM TRAINING
Raglin, J. S., Kocjea, D. M., Stager, J. M., & Harms, C. A. (1996). Mood, neuromuscular

function, and performance during training in female swimnmideslicine and Science in Sports
and Exercise, 2872-377.

Twelve collegiate female swimmers were measured on various factors duHseggn, peak
training, and taper.

nKOHT JOF /Cy T BC Xﬂﬂﬂl%

During peak training neuromuscular functie@.6%-- motoneuron excitability) and peak

anaerobic swimming power9.4%-- tethered swimnmg test) were reduced below baseline {pre
season) levels. Mood disturbance was also above baseline. These variables returned to baseline
values during taper.

Implication. These types of response are similar to those recorded for males. However, more
importantly one has to question the value of suppressing anaerobic power and neuromuscular
function during training to only have these capacities return tggason values. Since they are
important factors in explosive performances one would expect theydsbeuiproved rather

than repressed in adaptive training.

CROSS TRAINING SUPPORTED FOR GENERAL FITNESS
Loy, S. F., Holland, G. J., Mutton, D. L., Snow, J., Vincent, W. J., Hoffmann, J. J., & Shaw, S.

(1994). Effects of staiclimbing vs run training on éadmill and track running performance.
Medicine and Science in Sports and Exercise, 25(P1)51278.
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Active college women (N = 23) completed nine weeks of training (four days per week for 30 min
progressing to 45 min). Two groups, one performing rumrtime other running and stair

climbing, were formed. The run group improved 2faxby 16% and run time by 11%. The stair
group improved V@maxby 12% and the run time by 8%. These differences were not significant.
It was suggested that staiimbing execise is an alternative mode to running for training. This
supports the concept of creisaining.

Implication. Although crosdraining was supported it is reasonable to assert that the subjects
were not highly trained athletes and that they fell intacdtegory of individual that will

improve in the measured factors by any form of physical training. @mising is supported as

a fitness activity but not as an activity for highly trained or very serious athletes.

€

AEROBIC TRAINING IN FEMALES OF VARYING AGES

Welsman, J. R., Armstrong, N., Chedzoy, S., & Withers, S. (1996). Aerobic training in 10 year
old and adult femalesdedicine and Science in Exercise and Sports, 28{E)plement abstract
18.

ICyjt BC X bis

The physiological responses of healthy, untrained a8gld and adult females to an eight week
aerobic training program were examined.

Adult peak VQ increased and peak heart rate (HR) declined. Reduction in HR and lactate
accumulation (LA) were observed at four submaximal intensities. In children pea#ity@ot
change but peak HR did. No changes in HR were observed in submaximal intensity work but @A
was reduced. Improved aerobic functioning was only exhibited in young girls at submaximal =
intensities.

HT KOF

Implication. Female children respond to aerobic tnagnin a different manner to adult females
in both heavy and submaximal work. Children only exhibit physiological changes at submaximal
levels.

ENDURANCE TRAINING IN FEMALES

Eliakim, A., Renslo, R., Barstow, T. J., & Cooper, D. M. (1996). Effeenafurance training on
muscle volume and V@naxin adolescent femaleMledicine and Science in Exercise and Sports,
28(5),Supplement abstract 19.

A short period of endurance training increased muscle size in healthy adolescent ferahfes (15
yr). Factorsother than muscle size are responsible for approximately 63% of associated changes
in VO2max
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Implication. The response to endurance training of adolescent females is multifaceted and
complex. When assessing responsiveness a considerable number sfhagieéo be used to
accurately determine the degree of change.

RESPONSES OF JUNIOR TRIATHLETES
Gibbons, T. P., Mulligan, S. E., Wilber, R. L., & Kearney, J. T. (1996). Physiological responses

in elite junior triathletes during field testinigledicine and Science in Exercise and Sports, 28(5),
Supplement abstract 756.

€

Junior triathletes (M = 8; F = 8) participated in field testing of the sport's three activities. The
following were found.

1. Heart rate (HR) was significantly higher during rumthan in cycling.

2. Females elicited similar lactate levels (HLa) in all activities whereas males were
significantly higher in swimming and cycling than in running.

3. Ratings of perceived exertion (RPE) for running and swimming were comparable in bo
males and females but less in cycling.

ICyFBc XTI his

Implication. To truly understand the responses of triathletes it is necessary to independently
assess parameters in each activity. HR, HLa, and RPE should not be considered to be simila
across all activities or of a silar response nature between the sexes.

STRENGTH TRAINING HELPS RUNNING ECONOMY

n KOH r OF

Johnston, R. E., Quinn, T. J., Kertzer, R., & Vroman, N. B. (1995). Strength training in female
distance runners: Impact on running econoligdicine and Science in Sports dixkercise,
27(5),Supplement abstract 47.

Two groups of six trained female distance runners were evaluated on running economy,
VO2max, and body composition. One group continued to train by running (4 days per week for a
minimum of 20 miles) while the o¢h ran similarly but also added three times per week sessions
of upper and lower body heavy resistance training.

Running economy improved in the strength group while in the other two indices there were no
between group differences.

The amount of runninm these groups could be considered more in the classification of serious
recreational runners rather than trained female distance runners as labeled by the authors. It is
possible that the amount of running being performed did not tax the adaptive sys&sraend

the additional work contributed to greater levels of overall development.
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