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ABSTRACT

In this study, we investigated whether a heavy strength training

program, as an additive to an endurance running program,

would cause significant improvements in 3-km run time in a

group of recreationally fit women when compared with

endurance-only (EO) training. Sixteen women aged between

18 and 27 years of age were randomly assigned to either an EO

group (n = 9) or a concurrent strength and endurance (CSE)

group (n = 7). A 10-week training program for both groups

consisted of an endurance running program performed three

afternoons per week. The CSE group also participated in

strength training on the morning of each running session.

Testing was conducted pre and post training in a 3-km time trial

and measured _Vo2peak, running economy, muscular strength

(1 repetition maximum), and body composition and girth. There

was a trend (P = 0.07) toward greater improvement in 3-km

performance time for the CSE group (106.7 6 91.4 seconds)

when compared with the EO group (77.3 6 93.0 seconds).

Further, the CSE group showed an increase in strength levels

when compared with the EO group. The CSE group showed

significant increases (P # 0.05) in the parallel squat and

hamstring curl, and a significant increase (P # 0.05) was also

found in upper body strength for the bench press (11.9%

increase) when compared with the EO group. There were no

significant differences between the two groups for _Vo2peak,

running economy, body composition, or girth measurements.

This study found no negative or compatibility problems when

heavy strength training was added to an endurance running

program, and a nonsignificant increase in improvement for 3-km

times was evident.

KEY WORDS running economy, aerobic, resistance training,

concurrent training

INTRODUCTION

T
raditionally, endurance runners have performed
little or no strength training to improve perfor-
mance. Strength training has been shown to increase
muscle hypertrophy andmotor unit recruitment but

decrease capillary density and mitochondrial volume (36).
Conversely, endurance training is known to enhance cardio-
respiratory function and decrease strength and muscle fiber
size (30,37). Critics of concurrent strength and endurance
(CSE) training contend that skeletal muscle cannot adapt
simultaneously to these stimuli (24,41) and that optimal
strength and endurance gains are hindered when compared
with using either training method in isolation (15,23,32).
Alternatively, it is also believed that the neuromuscular

system has a large capacity to adapt to a combination of
training stimuli (16). Previous studies have found that
strength training performed 3 days per week may im-
prove various aspects of endurance performance. Specifically,
short-term endurance and maximal oxygen uptake has been
shown to improve in running and cycling with CSE training
(17); maximal oxygen uptake has been shown to improve in
a continuous cycling task (30); and time to exhaustion has
been shown to improve in cross-country skiing (19) and
cycling (28). Further, CSE training has also been found to
improve physiological factors such as running economy (RE)
(21,34,39) and lactate threshold (LT) (28,29). In addition to
potential performance improvements, strength training can
have other benefits, such as prevention of injury (16,23,25,31),
bone tissue development (35,40), and improvements in
biomechanical efficiency (9,27,31,35).
Endurance runners may desire many of the above-

mentioned benefits associated with strength training; how-

ever, hypertrophy of muscle would not be sought, as

increased mass and decreased capillary density may be detri-

mental to running performance. Therefore, strength and

conditioning methods that positively affect the neuromuscu-

lar system but minimize muscle hypertrophy, such as heavy

strength training (one to five repetitions per set) (6,33,

41), maximal power training (30260% 1 repetition maxi-

mum [1RM]) (2,45), and plyometrics (10,34,39) are worthy

of consideration. However, maximal power training and
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plyometrics are typically performed on a base of strength;
therefore, heavy strength training may be seen as the pre-
ferred choice among these methods (1,10,26).
Studies have shown that CSE training may produce

increased levels of muscle strength (14,30,43), which may
result in improved ability to perform at prolonged sub-
maximal loads (5). Volpe et al. (43) found that a 9-week
moderate-intensity resistance program (two to four sets for
6–10 reps) performed 3 days per week, in addition to running
training, did not interfere with leg strength gains in a group
of sedentary women. Further, Gravelle et al. (14) reached
similar conclusions when investigating active women rowers,
finding that an 11-week moderate-intensity resistance training
program (two to four sets for 4212 reps) performed three
times per week, in addition to rowing training, resulted in no
negative effects on strength gains.
To our knowledge, there has been no research that has

examined the effects of CSE training utilizing a heavy
strength training approach on the performance times of
recreationally fit women endurance runners. Therefore, the
primary aim of this study was to investigate whether CSE
training would result in improvements in a 3-km time trial
when compared with endurance-only (EO) training. A sec-
ondary aim of this study was to investigate whether levels of
strength would increase more with CSE than EO training.

METHODS

Experimental Approach to the Problem

To investigate the main hypothesis of the study, that CSE
training involving a heavy strength training protocol when
compared with endurance training alone would result in
improvements in endurance running performance, a two-
group (experimental and control) pre- and post-testing design
was utilized. This hypothesis was examined in a group of
recreationally fit women who studied at university with no,
or limited, background in strength training. The study was
conducted over a period of 10 weeks and utilized a consistent
three-set by five-repetition heavy strength training protocol

in five lower limb, two upper limb, and selected core exercises.
This approach was utilized to emphasize neural adaptations
while minimizing muscle hypertrophy in an attempt to
enhance run time. Overload was provided in the strength
training program by constantly increasing the weight lifted.
The independent variable was training group consisting of
two levels (CSE and EO training), and the dependent variable
included the primary outcome (3-km run time). Secondary
outcome variables were also examined in this study. These
variables included _Vo2peak, RE, muscular strength (1RM),
and body composition and girth. These variables were
selected because of the findings of previous studies that
examined CSE training.

Subjects

Sixteen active women between the ages of 18 and 27 years
participated in the study. Subjects were randomly assigned to
either an EO training group [n = 9, (mean 6 SD) height
165.76 7.0 cm, weight 59.86 5.6 kg, age 20.46 4.1 years] or
a CSE training group (n = 7, height 162.1 6 17.0 cm, weight
65.86 8.9 kg, age 21.06 1.9 years). At the time of pretesting,
subjects had not participated in a structured training program
for at least 3 months before the study and were free of any
contraindications to this form of training. Participants were
recruited from a university campus and were recreationally fit
students who jogged approximately three times per week and
had little or no strength training experience. Approval for the
study was provided by the Institutional Human Research
Ethics committee.

Training Programs

Endurance training was performed on Monday, Wednesday,
and Friday at the same time in the afternoon for the 10-week
period. Endurance training sessions were designed to spe-
cifically improve 3-km race performance and incorporated
long slow distance, tempo, and interval training (Table 1).
Endurance training sessions were approximately 1 hour in
duration and incorporated a warm-up and cool-down with
associated stretching exercises.

TABLE 1. Details of methods used for endurance training.

Training type* Heart rate (b�min21)† Training method

For endurance base
Aerobic base 130–150 Continuous long slow distance/race distance or longer
Anaerobic threshold 150–175 High intensity continuous/4–8 min interval running
For race development
_Vo2max 180–190 3–5 min interval and repetition running
Anaerobic endurance/lactic acid

tolerance Near maximal 30 s to 3 min maximal heart rate/intervals

*Training was 3 days per week and was approximately 70% aerobic and 30% anaerobic glycolytic.
†Heart rate is given only as a guideline, as each individual’s maximal heart rate was different.
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For the CSE group, strength training was performed three
times a week, 8 hours before the endurance sessions. This
approach meant that the CSE training group received a day’s
rest, in line with the EO training group. The strength training
program was designed to increase maximal strength while
minimizing muscle fiber hypertrophy; therefore, all strength
exercises were performed using three sets of five repetitions
(17,19). Strength training exercises with as much similarity
to the muscle contractions that occur during the running
process were selected; core stability exercises were also
included. Periodized models of strength training have been
shown to be more effective than nonperiodized programs
(13). Therefore, exercises were initially performed at an
intensity of 60270% of 1RM in week 1 and 70280% of 1RM
in week 2 to allow for anatomical adaptation. From week 3,
the weight lifted approximated 5RM (at least 85% of 1RM)
for each set (Table 2). Overload was provided in the program
by increasing the weight lifted for 5RM. The weight was
increased when a sixth repetition could be performed at 85%
of 1RM. If this was achieved, the resistance was increased to
allow the new weight to attain a 5RM load. The overall
periodization plan also included two separate weeks for
recovery. These unloading microcycles consisted of only one
high-intensity training session during the week. In addition,
two sets of high repetition sit ups, leg lowers, and back exten-
sions were performed in each session. Participants recorded
every training session in a diary. The duration of each
strength training session was approximately 1 hour.

Testing Procedures

Participants ran a 3-km time trial on an outdoor rekortan track
to assess running performance. In an attempt to simulate
a race-type environment, all subjects were tested together and
were provided with verbal encouragement. Because the
primary variable in this study was 3-km run performance

time, it was deemed necessary to examine the reliability of this
measure in a pilot study.
Six recreationally fit women aged between 18 and 23 years

who did not participate in the main study volunteered to
participate. Each subject performed two 3-km timed runs
separated by exactly 1 week. For consistency, the testing
place, time of day, and testing environment were kept as
similar as possible on both testing dates. Reliability was
assessed using the absolute and relative SEM. The SEM was
found to be 4.4 seconds, whereas the %SEMwas 0.5 seconds.
Therefore, measures of the 3-km times were deemed highly
reliable.
To assess body composition, skinfolds were taken on the

right side of the body at the bicep, triceps, subscapular, and
suprailiac sites (12). Relaxed arm, waist (abdominal and hip),
thigh, and calf girths were also measured. Arm girth was
measured at the mid-acromiale-radiale level, waist girth at
the most minimal point of the trunk, and thigh girth at the
gluteal line with both feet together. Calf girth was measured
as the greatest circumference while weight was distributed
evenly on both feet. Measurements for both body compo-
sition and girth were taken three times at each site, with the
mean of the three measurements being recorded.
RE was measured via a level grade, submaximal test

protocol on a treadmill. The protocol was based on methods
used in a study conducted by Johnston et al. (21). Subjects
were instructed to run at a speed that was equivalent to their
fastest 3-km race pace, as determined by the time trial
conducted 7 days earlier. The pace used post-testing was
the same as that used during the pretest. Oxygen con-
sumption and respiratory exchange ratio (RER) were deter-
mined using a CPX/D Medgraphics Cardiorespiratory
Diagnostic System (Medical Graphics Corporation, St. Paul,
Minn.), and heart rate (HR) was recorded on a wireless Polar
PE 3000 heart rate monitor (Polar USA, Lake Success, NY)

TABLE 2. Details of methods used for strength training.

Week

Exercises
5RM

1
60–70%

2
70–80%

3
85+%

4
85+%

5
85+%

6*
85+%

7
85+%

8
85+%

9
85+%

10*
85+%

Squats 3 3 5 3 3 5 3 3 5 3 3 5 3 3 5 3 3 5 3 3 5 3 3 5 3 3 5 3 3 5
Calf raises 3 3 5 3 3 5 3 3 5 3 3 5 3 3 5 3 3 5 3 3 5 3 3 5 3 3 5 3 3 5
Hip extension 3 3 5 3 3 5 3 3 5 3 3 5 3 3 5 3 3 5 3 3 5 3 3 5 3 3 5 3 3 5
Hip flexion 3 3 5 3 3 5 3 3 5 3 3 5 3 3 5 3 3 5 3 3 5 3 3 5 3 3 5 3 3 5
Hamstring curl 3 3 5 3 3 5 3 3 5 3 3 5 3 3 5 3 3 5 3 3 5 3 3 5 3 3 5 3 3 5
Seated row 3 3 5 3 3 5 3 3 5 3 3 5 3 3 5 3 3 5 3 3 5 3 3 5 3 3 5 3 3 5
Bench press 3 3 5 3 3 5 3 3 5 3 3 5 3 3 5 3 3 5 3 3 5 3 3 5 3 3 5 3 3 5

Sets 3 repetitions for all exercises are outlined.
1RM = 1 repetition maximum.
*Only one high-intensity training session was undertaken during the week. Rest interval between sets was 3–4 minutes.
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consisting of a transmitter and receiver (38). Steady-state
oxygen consumption was determined when _Vo2, RER, and
HR measurements became stable. Ventilation and _Vo2 for
every 30-second period was measured, and an average of the
steady-state _Vo2 data between minutes 6 and 7 was used to
represent the subject’s RE. A pilot study was previously
conducted to determine the reliability of the RE protocol as
a measure of submaximal endurance capacity. The reliability
of these procedures was assessed as described below.
Six recreationally fit women between the ages of 18 and 26

years who had participated in a running program for at least
12 weeks volunteered for this portion of the study. Subjects
completed the testing protocol as described above, separated
by 1 week. The SEM and %SEM values for _Vo2, RER, and
HR were then calculated. The indices of reliability (SEM and
%SEM, respectively) were 0.14 L�min21 and 1.87% ( _Vo2),
0.01 and 0.37% for RER, and 4.10 b�min21 and 0.64% for HR.
These values indicate the data are highly reliable.

At the completion of the RE protocol, subjects slowed to
walking pace until HR returned to less than 120 b�min21.
Subjects then continued the treadmill run at the same speed
used in the running economy protocol, with the first minute
set at 0% grade. The grade was increased by 1% every minute
thereafter until the subject reached volitional exhaustion.
Metabolic data were recorded in 30-second intervals, and HR
was recorded every minute. A plateau of oxygen uptake and
HR and a RER of at least 1.1 were the criteria used to indicate
that _Vo2peak had been achieved.
Subjects were familiarized with the strength testing

exercises in a mandatory weight room orientation session
1 week before pretesting. Subjects performed a warm-up set
(10212 repetitions at a light weight) followed by selected
flexibility exercises. Muscular strength was then assessed by
testing the maximal amount of weight that could be lifted for
one repetition (1RM) in the hamstring curl, parallel squat, calf
raise, and bench press exercises. Subjects performed multiple
single repetitions of each exercise with 3 minutes between
attempts, and they used progressively heavier weight until the
1RMwas achieved. The optimal number of single repetitions
ranged from three to five to minimize confounding of the
testing because of fatigue (8).

Statistical Analyses

Standard statistical methods were used for the calculation of
mean and SD for pre and post measures. To control for the
experimental group’s time being nonsignificantly faster than
the control group’s before the training program, a one-way
analysis of covariance (ANCOVA) was performed. Subjects’
pretraining values were used as the covariate to determine
whether there was a significant difference between the CSE
and EO groups after the 10-week training period. Because of
the hypothesis of the study, within-group differences were not
statistically analyzed. Statistical significancewas set at P# 0.05.
Because of the small sample sizes of the training groups,

effect size was calculated for relevant variables. When
discussing effect size, 0.2, 0.5, and 0.8 represent small, medium,
and large effect sizes, respectively (11,42). Furthermore, for

Figure 1. Three-kilometer run results (mean 6 SD) for control and
experimental groups pre and post training.

TABLE 3. Pre- and post-training values and resulting between-group differences in maximal strength variables.

Variable

EO group (n = 9) CSE group (n = 7)

Pre Post Diff Pre Post Diff F P

Squat 66.2 (15.9) 62.2 (17.3) 24.0 (4.5) 67.6 (15.9) 79.7 (12.0) 12.1 (9.3) 21.35 0.00*
Calf raises 208.9 (45.4) 258.3 (54.9) 49.4 (46.3) 225.0 (34.8) 297.9 (53.4) 72.9 (36.5) 1.35 0.27
Hamstring curl 35.6 (9.2) 44.4 (8.5) 8.9 (8.6) 37.9 (8.6) 55.0 (6.5) 17.1 (5.7) 8.43 0.01*
Bench press 28.2 (6.2) 28.5 (6.8) 0.3 (5.3) 37.0 (11.4) 41.4 (10.2) 4.4 (6.4) 5.17 0.04*

Values are mean (SD) and expressed in kilograms.
*Significant difference exists (P # 0.05).
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variables with P values between 0.05 and 0.10 as determined
by the original ANCOVA, the observed power was calculated.
Consequently, for the run time and bench press variables,
observed power was found to be 0.434 and 0.557, respectively.
Because of the small sample size, the raw data for these two
variables were transformed using log10; the ANCOVA was
then rerun.

RESULTS

When controlling for the subject’s pretraining 3-km time, the
CSE training group’s 3-km run time was not significantly
faster than that of the EO training group (P. 0.05) (Figure 1).
There was however, a trend (P = 0.07) for greater improve-
ment in run time for the CSE group when compared with the
EO group. The CSE group’s time improved by 106.7 6 91.4

seconds (11.2% change), whereas the EO group improved
by 77.3 6 93.0 seconds (7.6% change). The effect size for the
EO group (0.34) represented only a small effect of the
treatment, whereas the CSE group showed a medium effect
(d = 0.64) (11,42).
Levels of strength between the CSE and EO groups were

similar at the start of the study. After training, the CSE
training group showed significantly higher (P # 0.05) post-
training values in both the parallel squat and hamstring curl
exercises when compared with the EO group. During the
10-week training period, the CSE group’s 1RM squat
improved 17.9%, whereas the EO group decreased 6.0%.
Furthermore, a significant (P = 0.04) improvement was
evident between the groups for the bench press exercise
(Table 3).

TABLE 5. Pre- and post-training values and resulting between-group differences for anthropometric variables.

Variable

EO group (n = 9) CSE group (n = 7)

Pre Post Diff Pre Post Diff F P

Body fat (%) 23.7 (3.0) 22.8 (3.3) 21.0 (0.8) 24.9 (4.2) 23.9 (4.1) 20.9 (1.9) 0.02 0.89
Weight (kg) 59.8 (5.6) 60 (5.8) 0.2 (0.7) 65.8 (8.9) 65.3 (8.5) 20.5 (1.3) 1.13 0.31
Girth (cm)
Upper arm 26.2 (2.3) 26.1 (2.4) 20.1 (0.7) 28.4 (1.9) 28.6 (1.8) 0.1 (1.1) 0.79 0.39
Abdominal 68.6 (3.8) 69.6 (4.1) 1.0 (2.0) 74.4 (6.6) 75.1 (5.5) 0.7 (1.5) 0.26 0.62
Hips 96.5 (3.5) 95.4 (4.7) 21.1 (2.7) 98.9 (7.6) 100.1 (7.7) 1.3 (2.9) 2.57 0.13
Thigh 54.1 (3.9) 54.7 (2.0) 0.6 (2.3) 55.5 (2.8) 55.9 (3.1) 0.4 (2.1) 0.20 0.66
Calf 34.9 (1.4) 34.8 (1.7) 20.1 (0.5) 36.1 (2.0) 35.9 (2.3) 20.2 (0.6) 1.38 0.26

Values are mean (SD).
Diff = difference.

TABLE 4. Pre- and post-training values and resulting between-group differences for physiological performance variables

Variable

EO group (n = 9) CSE group (n = 7)

Pre Post Diff Pre Post Diff F P

RE protocol
Heart rate (b�min21) 174 (15.7) 162 (18.6) 213 (10.5) 166 (14.1) 156 (14.1) 210 (7.5) 0.22 0.65
Respiratory exchange

ratio 0.99 (0.05) 0.97 (0.07) 0.03 (0.06) 0.97 (0.03) 0.96 (0.03) 20.01 (0.01) 0.31 0.59
Running economy

(mL�kg21�min21) 29.6 (4.6) 30.2 (7.0) 0.6 (4.1) 27.5 (3.6) 29.3 (2.6) 1.5 (2.1) 0.44 0.52
_VO2

peak protocol
Maximal heart rate

(b�min21) 194 (6.6) 190 (9.2) 4 (5.4) 193 (6.6) 193 (5.0) 0 (5.4) 2.34 0.15
Respiratory exchange

ratio 1.17 (0.02) 1.16 (0.07) 20.01 (0.08) 1.19 (0.06) 1.20 (0.08) 0.01 (0.06) 0.42 0.53
_VO2

peak (mL�kg21�min21) 39.5 (6.0) 42.3 (4.9) 2.8 (5.8) 39.9 (5.2) 45.1 (7.2) 5.2 (5.6) 0.88 0.37

Values are mean (SD).
Diff = difference.
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Physiological data collected during the RE and _Vo2peak
tests are presented in Table 4. After the 10-week training
program, there was no significant difference in RE between
the EO and CSE groups (1.9% and 5.4%, respectively).
_Vo2peak increased in both training groups (7.1% and 13.3%,
respectively); however, there was no significant difference
between groups.
Anthropometric measurements were similar between the

EO andCSE groups before the training intervention. For both
training groups, the percentage of body fat decreased slightly
after training, with similar changes of21.06 0.8% and20.96
1.9% for the EO and CSE groups, respectively. No significant
differences post-training were evident for body composition
or girth measurements between the EO and CSE groups
(Table 5).

DISCUSSION

The primary purpose of the study was to investigate whether
a CSE training program would cause significant improve-
ments in 3-km run time in a group of recreational women
endurance runners when compared with EO training. The
CSE group’s 3-km run timewas not significantly different from
that of the EO group’s time post-training. However, a strong
trendwas evidentwith aP value close to statistical significance
(P = 0.07). A post hoc power analysis on the observed data
revealed that a sample size of 10 in each training group would
have resulted in a statistically significant finding. The trend of
improvement in the CSE group’s 3-km run times found in this
study support other studies that have found enhanced
endurance performance when strength training was added
to endurance training (3,17,18,30,31).
A secondary aim of the study was to determine whether

strength increased more in the CSE group when compared
with the EO group. After 10 weeks of training, the CSE group
showed significant increases in leg strength, evidenced by the
group’s post-training 1RM values for the parallel squat and
hamstring curl. There was no significant increase between the
EO and the CSE groups for the 1RM calf raise, which was
surprising based on the perceived importance of this muscle
group in running. A significant difference was also found for
an increase in upper body strength in the CSE group for the
1RM bench press. These results confirm that strength levels
were increased in the CSE group, despite endurance training
being performed concomitantly.
It was hypothesised that if improvements in race performance

were observed for the CSE group, this improvement would
manifest itself in the form of an improved RE, as reported in
previous studies (21,34). Surprisingly, from the data generated
in this study, there was minimal change in RE for both train-
ing groups. These results support other studies that found
improved endurance performance after CSE training in the
absence of any changes in _Vo2submax (18). Because there was
minimal change in RE, other considerations, such as running
efficiency, in addition to mechanical and neuromuscular
factors, may be responsible for the trend for improvement in

the CSE group’s 3-km run times. Although not measured in the
present study, it is possible that improved race performance
times may have occurred via an increase in stride length.
Because the CSE group had increased lower limb strength
levels, they may have benefited from an increase in ground
reaction force production, leading to increased stride length
and allowing these subjects to run at the same absolute intensity
while using a lower percentage of maximal strength (5,19,40).
Another possibility that may explain this finding is that

improved running performance may be related to the neuro-
muscular system’s ability to produce power during maximal
exercise when energy productions are high and muscle
contractility may be limited, as in endurance sports (34). The
fact that strength training showed a trend toward improved 3-
km run time in the current study, without accompanying
improvements in RE, suggests that neuromuscular adaptations
took place and, in turn, improved mechanical efficiency. These
changes may prove important for both recreational and elite
runners. Running efficiency andmechanical and neuromuscular
factors could be examined in future research studies in this area.
There was no difference between post-training aerobic

capacity values after exercise interventions, as shown by the
incremental test to exhaustion. Increases in _Vo2peak values
were 13.3% and 7.1% for the CSE and EO groups, respec-
tively. Although the differences between groups were not
statistically significant, these increases were reasonably large
and may well have been limited by the sample sizes in this
study. The improvement in aerobic capacity was almost
doubled for the CSE group when compared with the EO
group, which may have contributed toward the trend of
greater improvement in 3-km run time in the CSE group.
Although it was beyond the scope of this investigation,

studies that have examined the effects of strength training on
the point at which blood lactate accumulates above resting
values during increased exercise intensity (LT) have produced
varying results. Marcinik et al. (28) reported training-induced
reductions in plasma lactate concentration during sub-
maximal exercise after a 12-week strength training program.
Improved endurance performance was associated with a 12%
increase in LT. In contrast, other literature suggests that
strength training is unlikely to improve the LTof an endurance
runner (34,39). LTwas not measured in the present study, but
it would have been advantageous in helping to determine the
mechanisms for the trend of improved endurance perfor-
mance in the CSE group and to assess the possibility of a ‘‘slow
component’’ during _Vo2 testing (7,22).
The source of the trend for improved 3-km run times in the

CSE group may have been the result of increased maximal
strength, which may have translated into improved neuro-
muscular and biomechanical efficiency. Strength training has
been shown to increase the force of muscular contraction by
enhancing coordination ofmotor unit recruitment (4,20). The
authors of these studies speculate that the muscle fibers were
capable of producing more absolute force, thereby allowing
the fibers to work at a lower percentage of maximal strength.
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There was a lack of any anthropometric changes that could
potentially decrease performance after CSE training.
Research has stated that the level of fitness of the subjects
before a study is likely to be a factor in whether changes in
strength and RE will be found (1,4). The women in the
present study had little or no strength training experience and
were recreationally active runners. Therefore, increases in
hypertrophy and improvements in RE might have been
expected. However, no significant differences could be found
between the two groups for girth measurements or body
mass after the 10-week training period. In this study, strength
development was enhanced in the squat and hamstring curl
exercises during concurrent training, and, perhaps more
importantly, muscle hypertrophy did not seem to have been
increased, nor did the women experience overtraining
syndrome. These findings support other research that has
found a disruption in the pattern of muscle fiber hypertrophy
with CSE training when compared with that commonly
observed during either mode of training in isolation (3,24,32).
Training-induced increases in the efficiency of the neuro-

muscular system, improved biomechanical efficiency of move-
ment during long-distance events (27), and capacity of the
muscle to generate force result in an improved ability to cope
with a submaximal load and are factors that could have con-
tributed to the trend for improved race performance times in
the present study (5,21,44). It follows that the addition of the
strength training program resulted in an increase in maximal
strength for women in the CSE group, thus allowing each
athlete to run at the same relative intensity while maintaining
a faster velocity during racing.
In conclusion, although a distance runner is not interested in

inducing muscle hypertrophy, the athlete still desires the
highest levels of strength and power that can be generated by
a competitively ectomorphic body type. Instead of being seen
as a negative adaptation, maximizing the benefits unique to
each type of training may be advantageous for the endurance
runner. This study found a non-significant improvement in
3-km times when low-repetition strength training was added
to a running program. In the present study, training with five
repetitions per set at 85% of 1RM was successful in increasing
strength without compromising the endurance runner’s
typical ectomorphic body type or 3-km performance times.
Although hypothetical, the main reason for the trend of
improvement in the CSE group seems to be the increased
lower limb strength levels, whichmayhave improved variables
such as stride length.We conclude that strength training, as an
additive to endurance training, will cause a trend for improved
3-km running times in a group of middle-level women
endurance runners; therefore, its inclusion is recommended.

PRACTICAL APPLICATIONS

This study has shown a statistically nonsignificant, but prac-
tically important, increase in performance in 3-km run times
with CSE training when compared with EO training.
Typically, coaches of endurance runners increase the volume

of specific mileage to improve run time. With young athletes
performing a high volume of endurance running and other
methods on the track/road, this may predispose the athlete to
lower limb and low back injury. CSE training may provide
another alternative to improve the endurance athlete.
Strength training with relatively low repetitions and high

weights, as used in this study, may be useful as a first method
of general training in novice endurance runners or as a block
of training in higher level athletes. Once an endurance athlete
has a sound strength base, additional training methods, such
as speed-strength training (30260% of 1RM) and plyomet-
rics, may be used. Success in track and field events is largely
dependent on an athlete maintaining high volumes of training
and staying injury-free. CSE training may, in part, be an effec-
tive way of achieving this goal.
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