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ABSTRACT

KRAEMER, W. J, B. C. NINDL, N. A. RATAMESS, L. A. GOTSHALK, J. S. VOLEK, S. J. FLECK, R. U. NEWTON, and K.
HAKKINEN. Changes in Muscle Hypertrophy in Women with Periodized Resistance Training. Med. Sci. Sports Exerc., Vol. 36, No.
4, pp. 697-708, 2004. Pur pose: Adaptations of arm and thigh muscle hypertrophy to different long-term periodized resistance training
programs and the influence of upper body resistance training were examined. M ethods: Eighty-five untrained women (mean age =
23.1 = 3.5yr) started in one of the following groups: total-body training [TP, N = 18 (3-8 RM training range) and TH, N = 21 (8—12
RM training range)], upper-body training [UP, N = 21 (3-8 RM training range) and UH, N = 19, (8—12 RM training range)], or a
control group (CON, N = 6). Training took place on three alternating days per week for 24 wk. Assessments of body composition,
muscular performance, and muscle cross-sectional area (CSA) via magnetic resonance imaging (MRI) were determined pretraining
(T1), and after 12 (T2) and 24 wk (T3) of training. Results: Arm CSA increased at T2 (~11%) and T3 (~6%) in al training groups
and thigh CSA increased at T2 (~3%) and T3 (~4.5%) only in TP and TH. Squat one-repetition maximum (1 RM) increased at T2
(~24%) and T3 (~11.5%) only in TP and TH and all training groups increased 1 RM bench press at T2 (~16.5%) and T3 (~12.4%).
Peak power produced during loaded jump squats increased from T1 to T3 only in TP (12%) and TH (7%). Peak power during the
ballistic bench pressincreased at T2 only in TP and increased from T1 to T3 in all training groups. Conclusions: Training specificity
was supported (as sole upper-body training did not influence lower-body musculature) along with the inclusion of heavier loading
ranges in a periodized resistance-training program. This may be advantageous in atotal conditioning program directed at devel opment
of muscle tissue massin young women. Key Words: WOMEN’SHEALTH, MRI, PERIODIZATION, PHY SICAL PERFORMANCE,

PROGRESSIVE OVERLOAD, WEIGHT TRAINING

tant exercise component in a total conditioning pro-

gram (i.e., muscle strength and endurance training)
for women. Many programs have been studied that have
been targeted at a variety of outcomes from improving a
woman's physical performance to enhancing health out-
comes (3,7,8,15,16,18-20,25,28,30). Yet, our understand-
ing of the long-term (e.g., 6 months and longer) training
effects on muscle hypertrophy, especialy in the arm mus-
culature, remains limited. Hakkinen et al. (7,8) have re-
ported 7-10% cross-sectional area (CSA) increases in the
total thigh muscle CSA of women after 6 months of resis-

Resi stance training has become a popular and impor-

Address for correspondence: William J. Kraemer, Ph.D., Human Performance
Laboratory Department of Kinesology, Unit 1110, Universty of Connecticut,
Storrs, CT 06269-1110; E-mail: William.Kraemer@.uconn.edu.

Submitted for publication August 2003.

Accepted for publication November 2003.

0195-9131/04/3604-0697
MEDICINE & SCIENCE IN SPORTS & EXERCISE,
Copyright © 2004 by the American College of Sports Medicine

DOI: 10.1249/01.M SS.0000122734.25411.CF

697

tance training. Examining a 6-month total-body condition-
ing program that included resistance training, loaded runs,
endurance training, and agility type drills, Nindl et a. (25)
demonstrated a significant increase in total thigh CSA from
249 + 14 cm? pretraining to 258 + 15 cm? with only the
rectus femoris exhibiting a significant CSA increase when
individual muscles were examined. The lack of hypertrophic
changes in other thigh muscles was surprising and may be
speculated to be due to host of reasons (e.g., exercises and
loading protocols used). Nevertheless, this study warranted
further research in this areawith the goal of examining both
thigh and arm musculature as well as comparing two dif-
ferent linear periodized training protocols with different
loading schemes within a total conditioning program.

In younger women, the underlying muscle fiber hyper-
trophy that occurs with long-term training was el oquently
demonstrated by Staron et a. (28). Muscle fiber hypertro-
phy of Typel (15%), TypellA (45%), and [IAB+1IB (57%)
were observed over 20 wk of a heavy resistance training
program [i.e., 2 X wk, three sets of 6—8 repetition maxi-
mum (RM) in squats, vertical leg presses, leg extensions and
leg curlg] focused on the thigh musculature using several
different exercises. Thus, the underlying mechanism for



whole muscle changes was clear if the exercise program
stimulus to the various muscles was adequate (i.e., if motor
units were recruited). There is a need to better understand
and compare the effects of different “real life" resistance
training programs that are a composite of acute program
variables. How they interact over time to mediate whole
muscle hypertrophic adaptations in women is vital to im-
proved exercise prescription and enhanced understanding of
the adaptational plasticity of the neuromuscular system.
Classically, heavier resistances result in greater improve-
ments in muscle strength with higher volume moderate load
training also affecting muscle hypertrophy and lighter ex-
plosive loads improving maximal mechanical power (1).
Y et from an untrained status, most heavy resistance training
programs will see improvements in muscle strength and
size. However, variation in resistances used in training ap-
pearsto be important for long-term progression in resistance
training (1,6). Within a periodized training program, resis-
tance ranges have been varied using light (e.g., 12-15 rep-
etition maximum [RM]), moderate (8—10 RM), and heavy
(3-5 RM) resistances over atraining cycle (1,6). However,
no data are available quantifying the actual changes in
muscular hypertrophy with the use of differential loads used
in periodized training format. The use of a high resistance
range in a periodized model may maximize the amount of
muscle tissue that is activated (6). Heavier loading with
fewer repetitions may also increase motor unit recruitment
of muscle tissue and, not only maximize strength and power
improvements but also maximize gains in muscle hypertro-
phy. Thus, we hypothesized that periodizing a resistance
training program over a 6-month period of time by starting
at an 8 RM load and proceeding to a 3 RM load would
recruit more motor units and maximize strength and hyper-
trophy to a greater extent when compared with a periodiza-
tion scheme starting at a 12 RM load and going to 8 RM
load. In this study, we also sought to extend our understand-
ing of the physiological changes that occur with the same
type of training programs in which we have aready docu-
mented performance related changes in women (16).
Although it is obvious that improvements in muscular
strength and hypertrophy in women can be achieved, limited
data exist examining the magnitude of hypertrophy in wom-
en's whole limb CSA and hypertrophy of the individua
muscles when using different types of resistance training
programs (4,5,28). Muscle hypertrophy is a multi-dimen-
sional phenomenon, that is, based on loading (and motor
unit recruitment), volume, as well as metabolic and hor-
monal aspects that have recently been shown to affect gene
transcription and protein tranglation via mechanical signal-
ing pathways. Thus, our rationale for comparing different
programs was based on this multi-dimensiona quality of
muscle hypertrophy. In addition, alterations in variables
(i.e., rest intervas, loading, volume) were vital because
these types of design factors represent what is typically
characterized as “hypertrophy” or “strength/power” pro-
grams. Findly, few data are available measuring changes
due to upper-body-only resistance training in women (16).
Essentialy, we wanted to examine the effects of two high
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load but dlightly different loading protocols (3—8 vs 8—12)
in a periodized format on whole and individual muscle
hypertrophy and upper versus whole body training. There-
fore, the primary purposes of the present study were: 1) to
compare changes in whole muscle hypertrophy and the
associated strength and power changes with different long-
term resistance training programs and 2) to determine the
influence of upper-body-only resistance training on muscu-
lar hypertrophy of both the thighs and the arm musculature.

METHODS

Experimental approach. Two resistance ranges were
used to vary the program over time a 6-month period of
time. We have previously reported the elements of these
total conditioning programs in detail that included a resis-
tance-training program and a supplemental endurance pro-
gram (16). Each program was divided into total- and upper-
body-only training groups. The heavy loading was based on
a classical periodization model (e.g., intensity increased
while volume decreased with each training phase), thereby
training was cycled from a starting point of 8 RM loading to
an end point of 3 RM loading over a 3-month mesocycle
(see Table 2). Two mesocycles were used in this study. For
the lighter resistance range, the intensity started at 12 RM
and ended with 8 RM loading. Thus, four training groups
along with a control group provided the basic design. The
resistance variations were kept within each of these intensity
loading ranges but were varied over the training program in
a periodized format (16). We carefully monitored and con-
trolled the conditions (i.e., individua trainers for each
woman) to ensure proper technique and progression in each
program (22). Assessments were performed at 0 (T1), 12
(T2), and 24 (T3) weeks and included maximal strength and
power testing, body composition, and determination of arm
and thigh muscle CSA using MRI. This approach allowed us
to evaluate the effects of different training programs and to
compare upper-body-only training to total body training.
We felt that the results of this investigation would provide
new adaptational insights into “real life” strength and con-
ditioning programs for women. Each program is therefore a
composite interaction of its design and influence of each of
the acute program variables (i.e., choice, order, rest, load,
and sets) and therefore presents a specific physiological and
biomechanical training stimulus to the body. Classicaly,
changes in the volume and intensity of the workouts are the
primary factors periodized over time along with planned
periods of rest thereby alowing variation in the exercise
stimuli.

Participants. Untrained but physicaly active, college-
aged women volunteered to participate in this study after hav-
ing al of the risks explained to them before the investigation.
Each participant signed an informed consent document which
was approved by the university’s Ingtitutional Review Board
for the Use of Human Subjects and by the Human Use Review
Office of the U.S. Army Surgeon Genera. Our procedures
were in accordance with the guidelines for use of human
subjects set forth by the American College of Sports Medicine.

http://www.acsm-msse.org



TABLE 1. Participant characteristics by group.

Group Age (yr) Height (cm) BM (kg) Body Fat (%)
TP (N = 18) 224 +35 163.7 £ 7.5 64.1 =88 25859
UP (N = 21) 22740 165.5 £ 7.2 66.7 = 10.7 255+ 6.1
TH (N = 21) 23.8 =37 165.4 =54 63.2+7.0 23950
UH (V= 19) 235 =37 166.7 = 6.2 65.7 = 12.1 263 +53
CON (N = 6) 23124 164.5 = 6.2 659 +11.2 26.5+4.2

CON, control group; UP, upper body, 3-8 RM; UH, upper body, 8-12 RM; TP, total body, 3-8 RM; TH, total body, 8—12 RM.

Before initiation of the study, all participants were medicaly
screened by a physician for orthopedic problems, endocrine
disorders, eating disorders, pregnancy, or any other medica
problems, which could have compromised the safety for par-
ticipation or confounded the results of the study.

Participants were initially matched for age, height, body
mass, and one-repetition maximum (1 RM) squat and bench
press performance, physical activity history, and then ran-
domly placed into one of the after experimental groups: The
final group N sizes after the study were as follows: Total-
body training groups [TP, N = 18 (3—8 RM training range)
and TH, N = 21 (8-12 RM training range)], upper-body
training groups [UP, N = 21 (3—8 RM training range) and
UH, N = 19, (8—12 RM training range)], or a control group
(CON, N = 6). Group characteristics are shown in Table 1.
Before initiation of the study, al individuals participated in
a 2-wk familiarization period to accustom themselves to the
testing and training procedures. Thus, special care was taken
to remove learning effects that could potentially overesti-

TABLE 2. Example training programs for the total body and upper body training groups.

mate performance increases. Compliance for the total num-
ber of training sessions was 100% as any missed workouts
were made up as quickly as possible within atraining week.

Body composition. Body composition was assessed
using the seven-site skinfold method (26). The same inves-
tigator obtained all measures on the right side of each
participant’s body. Skinfold thickness was obtained using a
Lange skinfold caliper at the chest, mid-axilla, triceps, sub-
scapular, abdominal, suprailiac, and thigh regions using
procedures previously described (26). Repeated trials were
performed until two measures within 1 mm were obtained,
with the mean of these two measures utilized to estimate
body density using the equation of Jackson et al. (11).
Percent body fat was subsequently calculated using the Siri
equation (27). Fat-free mass was subsequently calculated
using body mass and percent body fat and body mass index
(BMI) determined using the equation body mass (kg)/
height® (m). Body composition assessments were performed
at T1, T2, and T3.

Rest
Group Exercise Sets x Repetitions (Week Number)* Periods
TP Dumbbell clean and press 3 X 8 RM (1-3); 3 X 5 RM (4-9); 3 X 3 RM (10-12) 2 min
Leg curl 3 X 8 RM (1-9); 3 x 6 RM (10-12) 2 min
Dumbbell incline press 3 X 8 RM (1-3); 3 X 5 RM (4-9); 3 X 3 RM (10-12) 2 min
Front lat pull-down 3 X 8 RM (1-9); 3 x 6 RM (10-12) 2 min
Back squat 3 x 8 RM (1-3); 3 X 5 RM (4-9); 3 X 3 RM (10-12) 2 min
Incline sit-up 3 X 15 RM (1-12) 2 min
Upright row 3 X 8 RM (1-9); 3 x 5 RM (10-12) 2 min
Dumbbell row 3 X 8 RM (1-9); 3 x 5 RM (10-12) 2 min
TH Back squat 3 X 12 RM (1-3); 3 x 10 RM (4-9); 3 x 8 RM (10-12) 60-90 s
Leg extension 3 X 12 RM (1-3); 3 x 10 RM (4-9); 3 x 8 RM (10-12) 30-60 s
Leg curl 3 X 12 RM (1-3); 3 x 10 RM (4-9); 3 x 8 RM (10-12) 30-60 s
Dumbbell incline press 3 x 12 RM (1-3); 3 x 10 RM (4-9); 3 x 8 RM (10-12) 60 s
Chest flye 3 X 12 RM (1-3); 3 x 10 RM (4-9); 3 x 8 RM (10-12) 60s
Front lat pull-down 3 X 12 RM (1-3); 3 x 10 RM (4-9); 3 x 8 RM (10-12) 60 s
Upright row 3 X 12 RM (1-3); 3 x 10 RM (4-9); 3 x 8 RM (10-12) 30s
Dumbbell row 3 X 12 RM (1-3); 3 x 10 RM (4-9); 3 x 8 RM (10-12) 30s
Rotational crunch 3 X 25 RM (1-12) 60 s
up Bench press 3 X 8 RM (1-3); 3 X 5 RM (4-9); 3 X 3 RM (10-12) 2 min
Seated row 3 x 8 RM (1-3); 3 x 5 RM (4-9); 3 X 3 RM (10-12) 2 min
Dumbbell press 3 x 8 RM (1-3); 3 X 5 RM (4-9); 3 X 3 RM (10-12) 2 min
Front lat pull-down 3 X 8 RM (1-9); 3 X 6 RM (10-12) 2 min
Standing arm curl 3 X 8 RM (1-9); 3 X 6 RM (10-12) 2 min
Triceps pushdown 3 X 8 RM (1-9); 3 X 6 RM (10-12) 2 min
Incline sit-up 3 X 20 RM (1-12) 2 min
Back extension 3 X 8 RM (1-3); 3 X 10 RM (4-9); 3 x 8 RM (10-12) 2 min
UH Bench press 3 X 12 RM (1-3); 3 x 10 RM (4-9); 3 x 8 RM (10-12) 60-90 s
Seated row 3 X 12 RM (1-3); 3 x 10 RM (4-9); 3 x 8 RM (10-12) 60-90 s
Dumbbell shoulder press 3 X 12 RM (1-3); 3 x 10 RM (4-9); 3 x 8 RM (10-12) 60s
Front lat pull-down 3 X 12 RM (1-3); 3 x 10 RM (4-9); 3 x 8 RM (10-12) 60 s
Standing arm curl 3 X 12 RM (1-3); 3 x 10 RM (4-9); 3 x 8 RM (10-12) 30s
Triceps pushdown 3 X 12 RM (1-3); 3 x 10 RM (4-9); 3 x 8 RM (10-12) 30s
Rotational crunch 3 X 25 RM (1-3); 3 x 10 RM (4-9); 3 x 30 RM (10-12) 30-60 s
Back extension 3 X 12 RM (1-3); 3 x 10 RM (4-9); 3 x 8 RM (10-12) 30-60 s

* The programs listed above represent the first 12-wk resistance training period. This periodized training program was then repeated for weeks 13-24.
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Muscle cross-sectional area (CSA). The CSA of
the mid thigh and mid upper arm of the dominant limbs was
assessed at T1, T2, and T3 via MRI technology using a 0.5
T superconduction magnet (Picker International, Highland
Heights, OH) with MR6B software as previously described
(15). Images were obtained by alteration of the spin-lattice
or longitudinal relaxation time (T1). T1-weighted images
were obtained using repetition time of 500 ms, echo time of
13 ms, radio frequency of 90°, and power absorption of
0.028 W-kg *. Muscle CSA was analyzed from the MRI
scans by a gradient echo technique that allowed the greatest
delineation and distinction between muscles. Once the in-
dividual was positioned within the magnet, the thigh of the
dominant leg was supported under the knee so that the thigh
was paralel to the MRI table, and the feet were strapped
together to prevent rotation. The arm was positioned in a
moderately internally rotated position with the palm of the
hand on the thigh, and support was placed under the shoul-
der and elbow so that the upper arm was parallel to the MRI
table. Sagittal images of the thigh and upper arm were
obtained, and a 15-dlice grid was placed over the sagittal
image and transaxial images were obtained. Fifteen 1-cm-
thick transaxial images were obtained at equal distances
between the base of the femoral head and mid-knee joint of
the thigh, and the superior head of the humerus and mid-
elbow joint of the upper arm. All MRI images were then
exported to a Macintosh Quadra computer for calculation of
total and individual muscle CSA with a modified National
Institute of Health (NIH) image software package. For the
thigh CSA, slice 8 was used (slice 1 being the base of the
femoral head); for the upper arm, dlice 9 was used (dlice 1
being at the superior aspect of the humerus). One slice more
distal was used for the upper arm to ensure inclusion of the
brachialis muscle. Tissue CSA was obtained using a Max-
itron displayer and Adobe program, and the NIH 1.55.20A
Image Analysis pixel-counting program. Total area, bone
area, and fat-free mass were determined for the rectus fem-
oris, vastus lateralis, vastus intermedius, vastus medialis,
sartortius, biceps femoris short head, biceps femoris long
head, semitendinosis, semimembranosis, gracilis, adductor
group, biceps brachii, brachialis, and triceps brachii. The
same investigator performed all measurements and the test-
retest reliability intraclass correlation coefficient was R =
0.99.

Strength assessments. Maximal strength was as-
sessed using the 1 RM sguat and bench press exercises
performed on the Plyometric Power System (PPS)
(Norsearch, Lismore, Australia) using previously described
testing procedures (14). For the squat, each participant de-
scended to the paraléel position (by flexing the knees and
hips until the greater trochanter of the femur reached the
same horizontal plane as the superior border of the patella)
and upon a verbal signal from the tester ascended to the
upright starting position while maintaining proper form and
technique throughout the lift. For the bench press, each
participant lowered the bar until contact with the chest was
achieved and subsequently lifted the bar back to the fully
extended elbow position. Any trials failing to meet the
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standardized technique criteria were discarded. A warm-up
consisting of 5-10 repetitions with approximately 40—60%
of perceived maximum was performed. Then, a second
warm-up set consisting of three to five repetitions with
approximately 60—80% of perceived maximum was per-
formed. Each subsequent trial was performed for one rep-
etition with progressively heavier weight until the 1 RM was
determined. Using this protocol the 1 RM was determined
within three to five attempts, using 3- to 5-min rest periods
between trials.

Power assessments. Lower- and upper-body power
assessments were also performed on the PPS. Lower-body
power was assessed using the jump squat and upper body
power using the ballistic bench press. After ageneral warm-
up, power was determined by having each participant per-
form three maximal trials at each of three resistances of 30,
60, and 90% of her respective 1 RM (determined at T1, T2,
and T3) with 2 min of rest between al trials. These loads
span the concentric force spectrum corresponding to alight,
moderate, and heavy load and provide quantification of
power output and possible |oad specific training adaptations
as demonstrated in our previous research (24). Theinclusion
of three loading regimens enabled us to examine peak power
production at various intensities, as the magnitude of load-
ing has been shown to significantly affect power output
(31). In addition, inclusion of the jump squat with 90% of 1
RM was more specific to the training loads used throughout
the study. After determination of jump squat power, maxi-
mal bench press power was determined using three trials of
the ballistic bench press at 30% of each subject’s 1 RM with
2 min of rest between trials. After determination of jump
squat power, maximal bench press power was determined
using three trials of the ballistic bench press at 30% of each
participant’'s 1 RM with 2 min of rest between trials.

The PPS allows the performance of ballistic exercisesand
has been described in detail elsewhere (16). For both exer-
cises, the weight was released upon jumping/throwing and
bar displacement was calculated. To perform a jump sguat,
the participant descended to a position in which the thigh
musculature was parallel to the ground. Then in a ballistic
manner, the participant ascended as rapidly as possible and
proceeded to jump as high as possible while minimizing any
contributions from the arms. To perform a ballistic bench
press, the participant lowered the weight until contact with
the pectoral muscles was observed and subsequently lifted
and released the weight in a ballistic manner upon reaching
complete elbow extension. The PPS incorporates a unidi-
rectional electromagnetic braking system that immediately
prevented descending bar movement once engaged allowing
the safe performance of the jump squat and ballistic bench
press. A rotary encoder attached to the PPS and interfaced
with a computer enabled measurement of bar movement
with an accuracy of 0.001 m. Customized software was used
to calculate peak power for each trial and the highest value
obtained per load was used for statistical analysis.

Conditioning programs. We have previously de-
scribed the conditioning programs used in the present study
(16). In brief, al individuals (with the exception of the
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TABLE 3. Differences in body composition during the resistance-training period.

Group Body Mass (kg) % Body Fat Fat-Free Mass (kg) BMI (kg - m~2)
TP

T 64.0 = 838 258+59 47247 239+29

T2 65.8 +10.1 26.0 £5.7 48.3 £5.0° 246 +3.3"

T3 67.0 = 10.2*@ 262 +54 49.1 = 54*@ 25.0 = 3.5*
TH

T 63.7 = 7.1 241+55 47429 232+22

T2 64.0 7.0 231 +£4.9¢ 483 +2.8 233+22

T3 64.9 + 7.3# 23.7 £ 5.1# 486 +3.1* 236 +23
uP

T 65.0 = 11.3 253 £6.0 48059 23.7+3.6

T2 64.9 =113 243 = 5.7# 487 = 6.4 23.7 + 3.6#

T3 65.0 = 9.8# 242 + 524 49059 23.8 = 3.0¢#
UH

T 64.3 = 11.8 262 +53 470+56 232 = 3.0#

T2 64.3 +11.5 252 + 5.2# 47.7 £6.2 23.2 + 3.0¢#

T3 654 = 11.8 25.6 + 5.6# 482 +59* 236 = 3.1#
CON

T 65.9 +11.2 265+ 4.2 484 =37 244 +38

T2 65.8 = 11.5 259 +49 48.8 = 4.1 243 +37

T3 659 + 114 26.2 +3.9 486 =39 244 +39

* P < 0.05 from corresponding time point T1.
@ P < 0.05 from corresponding time point T2.
# P < 0.05 between groups.

CON, control group; UP, upper body, 3-8 RM; UH, upper body, 8—12 RM; TP, total body, 3-8 RM; TH, total body, 8—12 RM.

control group) participated in a24-wk periodized resistance
training program performed on three aternating days per
week. The 24-wk program consisted of free weight and
machine exercises and was divided into two 12-wk meso-
cycles, each consisting of three short microcycles (see Table
2 for details). To complete the total conditioning program,
al of the training groups participated in a standard aerobic
training program consisting of 25-35 min in duration at an
intensity of 70—85% of maximum heart rate 3 d-wk *. The
program was intentionally designed to be similar to the
study by Volpe et a. (29) so as to not negatively impact
strength or power development. All sessions were individ-
ually supervised by certified strength and conditioning spe-
cialists who directly monitored all training sessions to op-
timize the training adaptations (22).

Statistical analyses. All data are presented as the
mean *= SD. Data were analyzed using a5 X 3 (group X
time) repeated measures analysis of variance (ANOVA).
When significant main effects and/or interactions were ob-
served, a Fisher's least significant difference or Tukey's
post hoc test was used where appropriate to determine
pairwise differences. Test-retest reliability intraclass Rs for
the dependent variables was R = 0.95. Statistical power
calculations for this study ranged from 0.78 to 0.95. The
level of significance set for the investigation was P =< 0.05.

RESULTS

Body composition. Differences in body composition
over time are presented in Table 3. There was a significant
increase in body mass at T3 for the TP group only, whereas
no significant differences were observed in TH and UH
groups. However, all training groups except the UP group
significantly increased fat-free mass at T3. The TP group
showed the only significant increase in fat-free mass at T2
and significant increase from T2 to T3. No significant
changes were observed in percent body fat for any group at

RESISTANCE TRAINING IN WOMEN

any time point. However, percent body fat was significantly
lower in TH than TP at T2 and T3. Body mass index
increased significantly at T2 and from T2 to T3 in the TP
group only. At T3, significant increases in BMI were ob-
served only in TP. Fat mass reductions did not reach statis-
tical significance in any group. No differences were ob-
served in the CON group at any time point for any body
composition variable.

Muscle CSA. Differences in arm and thigh CSA are
presented in Figure 1. For arm CSA, all training groups
increased significantly at T2 (TP = 6.6%; TH = 15.0%; UP
= 11.7%; UH = 13.4%). In addition, all training groups
showed significant increases between T2 and T3 (TP =
6.6%; TH = 4.3%; UP = 7.8%; UH = 5.2%). Collectively,
these changes represented ~11% increase from T1 to T2
and a further ~6% increase from T2 to T3. For thigh CSA,
only the total-body training groups exhibited hypertrophy
fromT1to T2 (TP = 4.5%; TH = 2.7%) and from T2to T3
(TP = 4.8%; TH = 4.2%). At T2 and T3, the CSA of the
thigh was significantly greater for the total-body groups
compared with the upper-body groups. No differences were
observed in the CON group at any time point for thigh or
arm.

The CSA of individual muscles are presented in Tables
4-6. Significant increases in muscle CSA were observed in
all training groups at T2 and T3 compared with T1 in the
brachialis, biceps brachii, and triceps brachii muscles (Table
4). From T2 to T3, significant increases were observed in all
training groups for the biceps brachii, whereas significant
increases were only observed in the TP and TH groups for
the brachialis and in the TP and UP groups for the triceps
brachii. Significant increases in CSA of the hamstring and
adductor muscle groups were observed only in the TP and
TH groups (Table 5). Significant increases at T2 and T3
(compared to T1 and T2) were observed in the TP group for
the biceps femoris in both the long and short heads, semi-
tendinosus, and adductor group, whereas semimembranosus
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FIGURE 1—Differencesin arm (A) and thigh (B) cross-sectional area
(cm?) at 0(T1), 3(T2), and 6 (T3) months of training. * P < 0.05 from
corresponding time point T1; @ P < 0.05 from corresponding time
point T2; # P < 0.05 compared with UP and UH. Data presented are
means = SD. CON, control group; UP, upper body, 3-8 RM; UH,
upper body, 8-12 RM; TP, total body, 3-8 RM; TH, total body, 8-12
RM.

CSA increased at T2 but did not show a further increase at
T3. In TH, significant increases were observed at T3 com-
pared with T1 for the biceps femoris short head and adduc-
tor group at T2 compared with T1 and T3 compared with T2
for the semitendinosus, whereas no significant changes were
observed for the biceps femoris (long head) and semimem-
branosus. Significant reductions in CSA of the semimem-
branosus were observed in T2 and T3 in the UP and UH
groups. Significant increases at T2 and T3 compared with
T1 and T2 in al three vasti muscles, gracilis, and rectus
femoris were observed in the TP group, whereas an increase
was only observed at T3 compared with T1 and T2 in the
sartorius (Table 6). For the TH group, significant increases
were observed at T2 and T3 compared with T1 and T2 for
the vastus mediais and lateralis muscles, significant in-
creases at T2 with no further increases at T3 compared with
T2 were observed for the gracilis and vastus intermedius,
and significant increases only at T3 compared with T1 were
observed for the sartorius and rectus femoris. Significant
reductions in vastus intermedius CSA at T2 and T3 com-
pared with T1 were observed in the UP and UH groups. No
differences were observed for any muscle CSA at any time
point in the CON group.

Maximal strength. Differences in maximal strength
are presented in Figure 2. For the 1 RM squat, two of the
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four training groups demonstrated significant increases at
T2 (TP = 25.2%; TH = 23.8%) and T3 (TP = 12.7%; TH
= 10.5%). At T2 and T3, both total-body groups had sig-
nificantly greater 1 RM squat values than both of the upper-
body groups. Trends for an increase in 1 RM squat were
observed between T1 and T3 for both the UP and UH groups
(P = 0.08 and 0.10, respectively). All training groups sig-
nificantly increased 1 RM bench pressat T2 (TP = 19.8%;
TH = 15.8%; UP = 16.4%; UH = 14.0%) and T3 (TP =
13.8%; TH = 11.2%; UP = 12.3%; UH = 12.3%). No
differences were observed in the CON group at any time
point for either variable.

Muscular power. Differences in muscular power dur-
ing the jJump squat are presented in Figure 3. Peak power
produced at 30% of 1 RM increased significantly from T1to
T3 only in the TP and TH groups (11.8 vs 7.2%, respec-
tively). Deltachange in 30% peak power from T1to T3 was
significantly greater in the TP group than the UP group.
During jump squats with 60% of 1 RM, peak power in-
creased significantly from T1 to T3 in the TP and TH
groups. No differences were observed among groupsin 60%
peak power at T2 or T3. Delta changes in 60% peak power
from T1 to T3 were significantly greater in the TP and TH
groups compared to UP. During jump squats with 90% of 1
RM, peak power increased significantly from T1 to T3 in
the TP and TH groups. In addition, the TP group increased
from T1 to T2. Delta changes in 90% peak power from T1
to T3 were significantly greater in the TP and TH groups
than UP.

Differences in peak power produced during the ballistic
bench presswith 30% of 1 RM are presented in Figure 4. No
significant training effects for peak power were observed
from T1 to T2 except in the TP group. However, ballistic
bench press peak power increased significantly from T1 to
T3 in al training groups. Delta change in peak power from

TABLE 4. Changes in CSA of the upper arm muscles during the
resistance-training period.

Brachialis Biceps Brachii Triceps Brachii

Group (cm?) (cm?) (cm?)
TP

T 4.71 + 0.61 7.69 +1.20 20.28 + 3.12

T2 4.99 + 0.78* 8.07 + 1.34* 21.29 = 2.98*

T3 5.25 + 0.69*¢ 8.77 = 1.32*@ 22.70 = 2.95*¢
TH

T 4.08 = 0.77 8.18 + 1.46 19.98 = 4.04

T2 4.55 + 0.79* 8.67 = 1.43* 21.87 = 3.45*

T3 510 + 0.91*@ 9.25 +1.99*@ 22.68 = 3.60*
up

T 4.26 + 0.83 7.70 = 1.01 19.55 + 2.85

T2 469 = 0.78* 8.52 + 1.43* 21.52 = 3.14*

T3 4.71 = 0.60* 9.08 + 1.36*® 23.36 + 2.82*@
UH

T 4.89 + 0.91 7.77 = 1.66 19.70 + 3.39

T2 5.24 +0.87* 8.47 + 2.00* 22.16 = 3.63*

T3 5.27 =1.09* 9.05 = 2.27*@ 23.25 + 4.47*
CON

T 4.60 = 0.65 7.75+ 126 19.61 + 3.16

T2 4.62 + 0.71 7.78 £1.31 19.58 + 3.25

T3 4.55 + 0.68 779 =127 19.67 + 3.41

* P < 0.05 from corresponding time point T1.

@ P < 0.05 from corresponding time point T2.

CON, control group; UP, upper body, 3-8 RM; UH, upper body, 8-12 RM; TP,
total body, 3-8 RM; TH, total body, 8-12 RM.
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TABLE 5. Changes in CSA of the hamstring and adductor groups during the resistance-training period.

Biceps Femoris

Biceps Femoris

Adductors (Short Head) (Long Head) Semimembran. Semitendinosus

Group (cm?) (cm?) (cm?) (cm?) (cm?)
TP

T 22.07 £ 4.15 221 £ 0.69 12.81 £ 247 722 £ 201 7.88 = 2.63

T2 23.09 = 4.12* 2.28 + 0.66* 13.30 + 1.63* 7.71 + 2.05* 8.55 + 2.77*

T3 24.36 + 4.68*° 241 +0.68*° 14.03 = 1.95*@ 7.88 = 1.94* 9.02 + 2.86*@
TH

T 23.36 = 6.06 1.84 = 0.67 1212 +2.95 8.34 + 1.86 7.28 = 1.61

T2 22.96 = 5.28 1.87 = 0.64 1214 £ 223 817 = 1.68 7.62 = 1.45*

T3 24.25 = 5.74* 1.98 = 0.73* 12.34 + 2.41 8.46 +1.93 8.14 = 1.57*@
up

T 22.54 = 407 2.06 + 0.61 11.56 + 2.39 8.20 + 2.88 779 =158

T2 21.50 = 4.10 2.00 = 0.57 11.10 = 2.03 7.69 = 2.39* 7.38 =1.40

T3 22.34 £ 432 1.94 +0.62 11.46 = 1.94 7.70 = 214 7.61 =1.62
UH

™ 22.02 = 4.99 211 £ 067 11.95 = 1.87 8.16 = 2.06 773 +223

T2 2124 =435 241+ 0.71 11.91 + 1.88 7.74 = 1.98* 756 +1.92

T3 22.60 = 4.94 2.02 =070 12.09 = 1.92 7.33 = 1.55*@ 7.85 +2.03
CON

T 21.01 + 4.61 1.98 = 0.66 11.54 + 2.11 8.02 + 1.96 7.70 = 2.16

T2 20.94 + 4.81 1.94 = 0.68 11.50 +2.28 7.88 +1.88 762 199

T3 20.91 = 4.66 1.99 = 0.7 1145+ 218 7.89 =197 7.67 + 2.01

* P < 0.05 from corresponding time point T1.
@ p < 0.05 from corresponding time point T2.

CON, control group; UP, upper body, 3-8 RM; UH, upper body, 8-12 RM; TP, total body, 3-8 RM; TH, total body, 8—12 RM.

T1to T3 wasgreatest in the TP group (68 W). However, no
significant differences were observed in the delta changes
among any groups.

DISCUSSION

In general, we showed two heavy resistance exercise
training protocols appeared to be effective in producing an
increase strength, hypertrophy, and power in previously
untrained women. In addition, the TP protocol tended to
show a higher frequency of significant increases in individ-
ual muscle CSA between T2 and T3. The protocols that used
upper-body training alone held to the principle of training
specificity and produced neither significant gains in whole-
body muscular performance nor hypertrophy in the lower

body musculature. This study provides some novel insights
into the changes in arm and the thigh muscul ature of women
using MRI technology muscular hypertrophy consequent to
different conditioning protocols.

The changesin body composition represent afirst layer of
observation when examining changes in the tissue compart-
ments. Although limited by the use skinfold analyses, our
findings were similar to other studies in the literature with
fat-free mass increases ranging from 2 to 4% (3,20,28). No
significant differences were observed in the UP group, sug-
gesting not enough overall tissue mass was affected by the
program to yield a change. Hinting at the differentia rate
and morphological geography of fat-free mass deposition,
another resistance training study by Chilibeck et a. (4)
examining just the arms, reported significant increases in

TABLE 6. Changes in CSA of the quadriceps and other thigh muscles during the resistance-training period.

Group Gracilis (cm?) RF (cm?) VL (cm?) VI (cm?) VM (cm?) Sartorius (cm?)
TP

T 4.35 +0.88 6.65 + 1.67 21.73 = 3.49 20.46 = 3.22 12.29 +1.89 3.85 = 0.97

T2 479 +112* 6.96 + 1.57* 22.86 = 3.57* 20.98 + 3.02* 12.81 + 2.26* 4.02 +0.92

T3 510 +1.07*¢ 7.33 £ 1.35%@ 23.99 + 3.31*@ 21.75 + 3.00*® 13.39 = 2.24*@ 429 +119*@
TH

T 437 +1.20 6.34 =1.20 22.99 + 3.30 20.86 + 2.83 12.73 =+ 2.74 3.36 = 1.37

T2 4,72 +1.29* 6.51 +1.10 2417 + 2.85* 21.42 + 2.88* 13.03 £ 2.79* 3.55 = 1.02

T3 496 +1.41* 6.72 = 1.14* 25.15 = 3.13*@ 21.78 + 3.26 13.42 +3.19*@ 3.66 = 1.15
UupP

T 440 +0.97 6.50 + 1.52 21.82 = 3.48 20.15 = 3.55 12.67 + 2.63 347 =113

T2 419 +0.99 6.37 = 1.43 21.56 + 4.05 19.53 + 3.80* 1241 +2.25 3.37 = 0.97

T3 425+ 0.84 6.57 +1.24 21.93 = 3.18 19.46 + 3.40* 12.45 + 1.96 3.52 =1.08
UH

T 4.39 +0.95 6.73 +1.62 22.07 = 3.69 19.86 + 3.26 12.57 + 2.66 3.60 = 0.81

T2 418 +0.82 6.47 +1.30 21.94 = 3.55 19.05 + 2.69* 1219 + 2.78 3.33 +0.71

T3 428 +0.88 6.64 = 1.36 22.87 + 3.63 19.42 + 3.12* 12.54 + 2.64 3.52 +0.80
CON

T 428 +0.91 6.60 = 1.61 22.01 + 3.86 2014 = 3.17 12.40 + 2.96 3.52 +0.86

T2 4.22 +0.88 6.57 = 1.50 21.94 = 3.68 20.17 = 3.28 12.28 +2.78 3.47 = 0.99

T3 426 +0.94 6.63 = 1.66 21.99 + 3.71 20.08 + 3.18 12.29 +2.97 3.49 +0.89

* P < 0.05 from corresponding time point T1.

@ P < 0.05 from corresponding time point T2.

RF, rectus femoris; VL, vastus lateralis; VI, vastus intermedius; VM, vastus medialis
body, 3-8 RM; TH, total body, 8-12 RM.

RESISTANCE TRAINING IN WOMEN

; CON, control group; UP, upper body, 3-8 RM; UH, upper body, 8—12 RM; TP, total
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FIGURE 2—Differencesin 1 RM sguat (A) and bench press (B) at 0 (T1), 3 (T2), and 6 (T3) months of training. * P < 0.05 from corresponding
time point T1; @ P < 0.05 from corresponding time point T2; # P < 0.05 compared with changesin UP and UH. Data presented are means + SD.
CON, control group; UP, upper body, 3-8 RM; UH, upper body, 8-12 RM; TP, total body, 3-8 RM; TH, total body, 8-12 RM.

upper-arm lean tissue only after the first 10 wk of a 20-wk
training program. In the present study, the lack of a signif-
icant decrease in percent body fat consequent to 6 months of
conditioning was surprising. However, it supports our con-
tention that the endurance-training program was not a pri-
mary focus or agreater caloric expenditure would have been
expected to occur thereby mediating potential fat mass re-
ductions (18,20,21). In addition, we did not make any at-
tempts to control kilocaloric intakes beyond assuring a nor-
mal dietary profile with our dietetic support team. Some
insights to our current findings may be gained from another
study by our group in which we showed that diet and
kilocalorie intake control may be the most influentia
variables affecting body fat reductions during an exercise
training program (19).

Upper-arm CSA increased significantly in all groups
from T1 to T2, T2 to T3, and T1 to T3, which supports
previous studies examining 16 (5) and 20 (2—4) wk of
resistance training. Unique to this investigation was the use

704  Official Journal of the American College of Sports Medicine

of MRI to measure CSA of the triceps brachii, biceps
brachii, and brachialis muscles in response to periodized
resistance training in women. Increases in CSA were ob-
served from T1 to T2 and continued from T2 to T3 in these
muscles (with the exception of the brachialis in the UP and
UH groups and triceps brachii in the TH and UH groups).
These types of changes have not consistently been shown in
women during resistance training and may be due to differ-
ences in many factors related to program design (e.g., in-
tensity, posture). Chilibeck et a. (4) reported increases in
arm lean tissue mass after 10 wk of a 20-wk program, but no
further significant increase from 10 to 20 wk of the program.
The TP and TH groups showed continued gainsin upper and
lower body muscle CSA throughout the 24 wk of training.
Thus, it appears that variation in program design may be
important for continued long-term increases in arm and
thigh muscle CSA in women. In comparison with the liter-
ature, the results of the present study provide direct evidence
for the use of periodization in resistance training programs

http://www.acsm-msse.org
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FIGURE 3—Differencesin jump sguat peak power (W) at 30% (A), 60% (B), and 90% (C) of 1 RM at 0 (T1), 3(T2), and 6 (T3) months of training.
* P < 0.05 from corresponding time point T1; # P < 0.05 compared with UP and UH. Data presented are means = SD. CON, control group; UP,
upper body, 3-8 RM; UH, upper body, 8-12 RM; TP, total body, 3-8 RM; TH, total body, 8-12 RM.

for women in order to achieve continued increasesin muscle
hypertrophy over an entire 6-month training period. Of both
practical and scientific importance, while the total arm CSA
was observed to increase in all of the training groups, only
the TP group demonstrated continued increases in al three
of thearm muscles (see Table 4). Thisarguesfor the training
concept that total-body resistance training augments the
changes observed with upper body resistance training.
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FIGURE 4—Differences in bench press peak power (W) at 30% of 1
RM at 0(T1), 3(T2),and 6 (T3) monthsof training. Data presented are
means = SD * P < 0.05 from corresponding time point T1; # P < 0.05
compared to all groupsfrom T1to T3. CON, control group; UP, upper
body, 3-8 RM; UH, upper body, 8-12 RM; TP, total body, 3-8 RM;
TH, total body, 8-12 RM.

RESISTANCE TRAINING IN WOMEN

Increases in thigh CSA were only observed for the total-
body groupsin the present study. Thiswas not surprising, as
the principle of training specificity would dictate that only
improvements would occur in the trained musculature and
only the TP and TH groups performed lower-body resis-
tance exercises. However, more consistent gainsin CSA of
most thigh muscles investigated were observed in the TP
group (Tables 5 and 6). Compared with upper-arm hyper-
trophy, the relative increase observed in thigh CSA was less
(17 vs 8% in both total-body groups). Chilibeck et a. (3,4)
and Calder et a. (2) reported approximate increases of 3%
in leg muscle mass compared with a 10% increase in the
arms after 20 wk of resistance training. Hakkinen et al. (7)
reported a 10% increase in quadriceps CSA after 6 months
of heavy resistance training. Interestingly, Cureton et al. (5)
reported a significant increase in total arm CSA with no
increase in total thigh CSA after 16 wk of resistance train-
ing. Part of this may be due to the relative size of each
muscle mass examined (i.e., leg musculature is larger than
arm musculature and subsequently would show less relative
increase). In addition, it has been suggested that differences
in the magnitude of hypertrophy of the arms and legs in
previously untrained women may be due to arm muscul ature
being lesstrained at the start of atraining program compared
with the legs (4,5). Regardless of the exact mechanism, our
data are consistent with these previous studies showing
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greater relative gains in arm versus leg CSA in previously
untrained women.

Similar to the arm musculature, the TP group demon-
strated increasesin hypertrophy from T1to T2and T2to T3
in al individual muscles of the thigh, with the exception of
the semimembranosus (see Tables 5 and 6). Interestingly,
the TH group demonstrated increased hypertrophy of fewer
individual muscles of the thigh and made significant in-
creases in hypertrophy from T2 to T3 in only 3 of the 11
muscles examined. This differential adaptation occurred
despite both total-body training groups showing similar
increases in total thigh CSA measures.

Similar to previous studies, we used a total conditioning
program to study the effects of a resistance training pro-
gram. Although the endurance-training program utilized in
the present study has been shown to improve endurance
performance in untrained women (16), it was not a primary
focus of the conditioning program. Previous studies have
demonstrated the potential incompatibility between high-
intensity resistance and high-intensity aerobic exercise for
developing maximal strength (10,17). Yet, with the signif-
icant increases in strength and power, the data show no
incompatibility was observed in this composite total condi-
tioning program. In addition, our results were similar to
Volpe et a. (29), who showed that a 3 d-wk ~* program of
this type had no impact on strength development while
improving cardiovascular function. It appears that much
higher intensities and frequencies of aerobic exercise train-
ing would be needed to €elicit an incompatibility phenome-
non, thought by some to be the symptom of acute overtrain-
ing (17).

The effects of endurance training were evident in the
upper-body-only training groups. We observed reductions
in CSA in the vastus intermedius and semimembranosus
muscles whereas total thigh CSA did not change. Previous
studies have shown that endurance training may ultimately
degrade myofibrillar protein to optimize oxygen uptake
kinetics (13). In fact, we have previously shown significant
reductions in muscle fiber area of Type | fibers after 12 wk
of high-intensity endurance training in men (17). The inclu-
sion of resistance training may offset any potentia atrophy
as significant hypertrophy was observed in both total-body
training groups. Therefore, the present study and our pre-
viouswork (15,17) indicateit is possible to increase muscle
CSA when aerobic and resistance training are performed
concurrently.

Muscular strength is one of the important outcome vari-
ables reflecting the underlying adaptations in the neuromus-
cular system. Significant increases in 1 RM bench press
were observed for al groups from T1to T2, T2 to T3, and
T1 to T3, whereas only the total-body training groups sig-
nificantly increased 1 RM squat at the same time points. For
the 1 RM bench press, the TP and UP groups showed the
greatest absolute improvements (34 vs 28%, respectively).
This may have occurred because heavier resistances were
used by the TP and UP groups in comparison with the TH
and UH groups. It has been shown previously that loads
corresponding to 5-6 RM may be most specific to increas-
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ing maximal strength (1). Thus, the higher loading may have
contributed to the greater strength increases observed in the
strength/power groups.

Longitudinally, similar increases in bench press perfor-
mance have been reported over 15 (9), 20 (4), and 24 wk
(19) in previously untrained women. However, unique to
this study was the greater improvement observed between
T2 and T3. Chilibeck et al. (4) reported an 8% increasein 1
RM bench press between 10 and 20 wk of resistance train-
ing. Herrick and Stone (9) reported a 5% increase in 1 RM
bench press between weeks 12 and 15 of a 15-wk periodized
program, whereas no change was observed from week 12 to
15 of training using a program with limited training varia-
tion. Collectively, these data indicate neuromuscular adap-
tations to resistance training occur at a much slower rate
after an initial period, particularly when there is minimal
program variation. The mean increase of all the training
groupsin the present study was approximately 12% between
T2 and T3. This period coincided with performance of the
second 12-wk training cycle. Therefore, the results of the
present study indicate the importance of periodized resis-
tance training for continued long-term increases in upper-
body strength and indicate that the underlying changes in
muscle hypertrophy help mediate such adaptations.

Only the total-body training groups significantly in-
creased 1 RM squat in the present study. A 38% increase
was observed in the TP group and a 34% increase was
observed in the TH group showed that both groups peri-
odizing loading to heavier ranges saw improvements. The
lack of atraining effect in the squat for the upper-body-only
training groups was not surprising based on the principle of
training specificity. We have previously reported limited
lower-body strength and power improvements in men who
only performed upper-body resistance training (17). Inter-
estingly, atrend for improvement (P = 0.08 and 0.10 for the
UP and UH groups, respectively) was observed in the upper-
body groups from T1 to T3. This may have been due to the
greater size and strength of upper-body and trunk stabilizing
muscles involved in the performance of the squat exercise
technique. For example, trunk exercises (e.g., back exten-
sion, incline sit-up) were routinely performed, and increases
in training loads were observed for these exercises, indicat-
ing muscular strength increases. Therefore, the ability of the
upper body to tolerate greater stress and support increased
loads that the lower-body musculature was aready capable
of supporting in the squat exercise may have contributed to
these trends for improvement. Although most strength gains
are specific to the training stimulus, carryover of strength
has been observed (especially in individuas with limited
training experience), and this likely occurred in the present
study. Nevertheless, this finding demonstrates the impor-
tance of upper-body strength training for stabilizing muscles
involved in a whole-body movement.

Although muscular strength has been the focus of many
investigations, power is often an overlooked component
vital for physical performance. Lower-body power in-
creased significantly only for the total-body groups between
T1and T3. In addition, a significant power improvement in
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jump squat power at 90% of 1 RM was observed at T2
compared with T1 only for the TP training group. Addition-
aly, thelargest absolute increasesin jump sgquat power were
observed in the TP group. Examining the training effects for
upper-body power, it was observed that power increased at
T2 compared with T1 only for the TP group but increased
significantly at T3 compared with T1 in al training groups.
In addition, the improvement in bench press power demon-
strated by the TP group was significantly greater than all
groups at T3. The protocol used in the TP was specifically
designed to increase both strength and power by utilizing
heavy loads for multiple-joint exercises. This type of train-
ing program has been shown to be effective for increasing
muscular power (12,23,24). The significant improvements
in lower-body power observed in the TH group demonstrate
the contribution of the force component in the power equa-
tion. Consistent with our hypotheses related to specificity,
increased jump sguat power was not observed in either of
the upper-body groups despite a small, nonsignificant in-
crease in 1 RM squat previously discussed. These data
highlight the importance of the principle of training
specificity.

In summary, 6 months of periodized resistancetrainingin
the context of a total conditioning program in women was
effective for increasing muscular hypertrophy, strength, and
power for both loading ranges. However, the range of 3-8
RM loading range did appear to demonstrate a more sys-
tematic frequency of significant increases in more individ-
ual muscles over the entire training period. Both total body
training programs were effective as “training gestalts’ in
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RESISTANCE TRAINING IN WOMEN

stimulating significant improvements albeit the mediating
mechanisms related to the combination of acute program
variables (exercise choice, rest period lengths) created by
each program were most likely different. To our knowledge,
this investigation was the first comprehensive examination
of muscle hypertrophy using different periodized resistance
training programs in previously untrained women. Upper-
body-only training was specific to upper-body changes as
no significant changes were observed in total-body perfor-
mance measurements or in thigh musculature hypertrophy.
Perhaps the most critical finding of this investigation was
the continued improvement in measures observed from 3 to
6 months as several previous investigations in women using
programs with limited variation have shown plateaus occur-
ring approximately after 1215 wk of resistance training.
Such findings may be of practical importance to women
who participate in physically demanding jobs (i.e., such as
the military, law enforcement, fire fighting, sports) and may
benefit greatly from the associated increases in muscle
strength, power, and hypertrophy observed during peri-
odized resistance training.

We would like to thank a dedicated group of participants, a very
large group of over 100 research assistants, graduate assistants,
and personal trainers, the research and medical staffs. This study
was supported by a grant from the Department of Defense Women'’s
Health Initiative [U.S. Army Grant DAMD 17-95-5069 to WJK]. Spe-
cial thanks to Drs. Bush, Marx, and Ms. Ana Gémez for their help
with the study. The views and opinions represented in this paper are
those of the authors and should not be construed as official policy
of United States Department of Defense.

10. Hickson, R. C. Interference of strength development by simulta-
neously training for strength and endurance. Eur. J. Appl. Physiol.
45:255-263, 1980.

11. Jackson, A. S, M. L. PoLLock, and A. WaRD. Generalized equa-
tions for predicting body density in women. Med. Sci. Sports
Exerc. 12:175-182, 1980.

12. Jones, K., G. HunTer, G. FLeisG, R. EscamiLea, and L. Lemak. The
effects of compensatory acceleration on upper-body strength and power
in collegiate footbal players. J. Srength Cond. Res. 13:99-105, 1999.

13. Krausen, K., L. B. Anpberson, and I. PeLLE. Adaptive changesin work
capacity, skeletal muscle capillarization and enzyme levels during
training and detraining. Acta Physiol. Scand. 113:9-16, 1981.

14. Kraemer, W. J. and A. C. Fry. Strength testing: development and
evaluation of methodology. In: Physiological Assessment of Hu-
man Fitness, P. J. Maud and C. Foster (Eds.). Champaign, IL:
Human Kinetics, 1995, pp. 115-138.

15. KrRAEMER, W. J., M. KeuniNg, N. A. RaTAMESs, et a. Resistance
training combined with bench-step aerobics enhances women’'s
health/fitness profile. Med. Sci. Sports Exerc. 33:259-269, 2001.

16. KrRAaEMER, W. J., S. A. MazzeTTi, B. C. NinpL, et al. Effect of
resistance training on women’s strength/power and occupational
performances. Med. Sci. Sports Exerc. 33:1011-1025, 2001.

17. Kraemer, W. J,, J. PaTton, S. E. Gorpon, E. A. HAaRvAN, €t d.
Compatibility of high intensity strength and endurance training on
hormonal and skeletal muscle adaptations. J. Appl. Physiol. 78:976—
989, 1995.

18. KraemMER, W. J,, N. A. Ratamess, A. C. Fry, et al. Influence of
resistance training volume and periodization on physiological and
performance adaptations in collegiate women tennis players.
Am. J. Soorts Med. 28:626—633, 2000.

Medicine & Science in Sports & Exercises 707



19.

20.

21.

22.

23.

24.

25.

26.

KRrRAEMER, W. J.,, J. S. VoLek, K. L. CLARK, et a. Physiological
adaptations to a weight-loss dietary regimen and exercise pro-
grams in women. J. Appl. Physiol. 83:270-279, 1997.

Marx, J. O., N. A. Ratamess, B. C. NinpL, et al. Low-volume
circuit versus high-volume periodized resistance training in
women. Med. Sci. Sports Exerc. 33:635-643, 2001.

MayHew, J. L. and P. M. Gross. Body composition changes in
young women with high resistance weight training. Res. Q. 45:
433-440, 1974.

MazzerTi, S. A., W. J. KRAEMER, J. S. VoLEK, €t a. The influence
of direct supervision of resistance training on strength perfor-
mance. Med. Sci. Sports Exerc. 32:1175-1184, 2000.
Morrissey, M. C., E. A. HarmAN, P. N. FRykman, and K. H. HAN.
Early phase differentia effects of slow and fast barbell squat
training. Am. J. Sports Med. 26:221-230, 1998.

Newton, R. U., W. J. Kraemer, and K. Hakkinen. Effects of
ballistic training on preseason preparation of elite volleyball play-
ers. Med. Sci. Sports Exerc. 31:323-330, 1999.

NinoL, B. C., E. A. HArRmAN, J. O. MaRx, et al. Regional body
composition changes in women after 6 months of periodized
physical training. J. Appl. Physiol. 88:2251-2259, 2000.
PoLLock, M. L., L. GarzaRreLLA, and J. E. Graves. The measure-

708  Official Journal of the American College of Sports Medicine

27.

28.

29.

30.

31

ment of body composition. In: Physiological Assessment of Hu-
man Fitness, P. J. Maud and C. Foster (Eds.). Champaign, IL:
Human Kinetics, 1995, pp. 167-204.

Siri, W. E. Body composition from fluid spaces and density:
analysis of methods. In: Techniques for Measuring Body Compo-
sition, J. Brozek and A. Henschel (Ed.). Washington, DC: Na-
tional Academy of Sciences, 1961, pp. 223-244.

StaroN, R. S, E. S. MaLicky, M. J. Leonarpl, J. E. FaLket, F. C.
HacermaN, and G. A. DubpLey. Muscle, hypertrophy, and fast fiber
type conversionsin heavy resistance-trained women. Eur. J. Appl.
Physiol. Occup. Physiol. 60:71-79, 1990.

Vorrg, S. L., J. WaLBERG-RANKIN, K. W. Robwman, and D. R.
SesoLT. The effect of endurance running on training adaptationsin
women participating in aweight lifting program. J. Srength Cond.
Res. 7:101-107, 1993.

WiLmorg, J. H. Alterations in strength, body composition and
anthropometric measurements consequent to a 10-week weight
training program. Med. Sci. Sports Exerc. 6:133-138, 1974.
WiLson, G. J., R. U. Newton, A. J MurpHy, and B. J.
HumpHRIES. The optimal training load for the development of
dynamic athletic performance. Med. Sci. Sports Exerc. 25:
1279-1286, 1993.

http://www.acsm-msse.org



