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Abstract: The aim of this study was to investigate the effects of pyramid and reverse pyramid resistance
trainings on serum cell injury indices (CK, AST, ALD) and growth factor (IGF-1) in untrained women. Also, it
tried to assess the possible relationship between them. 34 subjects (age 18.5±2.20 years, weight 56±9.86 kg,
height 162±5.33 cm( participated in this study and were randomly assigned to pyramid training (PT) (N=12),
reverse pyramid training (RPT) (N=12) and control groups (CON) (N=10). The two experimental groups
performed resistance training 3 days a week for 6 weeks. The pyramid group started their first set of ten
repetitions at 50% of 10 RM, the second set of ten at 75% of 10 RM and the third set of ten at the 100% of
10 RM. The reverse pyramid group performed their sets quite the reverse: 100% of 10 RM, 75% of 10 RM and
50% of 10 RM. Blood samples were gathered before (T1) and 24 hours after (T2) the first training session and
before (T3) and 24 hours after (T4) the last training session. ANOVA and t test were used to compare data. At
T2, CK increased in both groups with no difference observed among the groups. After 6 weeks, there was no
change in AST and ALD but CK increased again and this increase was lower compared to the first session
(it was only significant in RP group). In fact, CK increment had a significant decrease in the last session
compared to the first session in the PT group, which indicated that adaptations occurred. IGF-1 had no
significant change and there was no relationship between growth factor and cell injury indices. After 6 weeks,
adaptations occurred in response to CK and muscles underwent little pressure or even injury. These two
methods had similar effects on growth factor response, but enzyme response was greater in Oxford method.
Both methods were found to be efficient at developing strength.
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INTRODUCTION

of the muscle membrane: examples are Creatine Kinase
(CK), Aspartate Aminotransferase (AST), Myoglobin
(Mb), Aldolase (ALD) and LDH [6]. The appearance of
one or more of these proteins is generally considered to
reflect muscle damage [6]. Elevation of CK after exercise
is a well known phenomenon [6]. The mechanism of
exercise-induced serum enzyme rise has been attributed to
either a metabolic effect on muscle fibers, producing
increased membrane permeability or a mechanical stress
on muscle fibers, resulting in membrane damage and fiber
necrosis [5]. There are many studies which show that
serum enzyme activities increase after resistance training
[3, 4, 7, 8] but to our knowledge few studies have
examined acute physiological response and chronic
adaptations to different types of resistance training.

Resistive exercise is used extensively in training and
rehabilitation situations and is increasingly recognized as
an important exercise mode for health-related exercise
settings [1]. It produces acute physiological responses
and chronic adaptations that are critical to increasing
muscular strength and hypertrophy [2]. Resistance
training is reported to have many benefits [3]; however,
it may increase cellular damage [4]. Mechanical loads
impose stress, strain and sometimes damage on working
muscles and connective tissues. Following a strenuous
resistance exercise, there are marked increments in cellular
related serum enzyme activities [5]. Several muscle
proteins can act as indicators of increased permeability
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Following muscle damage, growth factors are
produced [9]; indeed increased mechanical loadings
increase growth factors such as IGF-1 (Insulin like growth
factor1) [10]. Following resistance exercise, serum IGF-1
elevation has been reported presumably in response to
GH-stimulated hepatic secretion. Anabolic hormones such
as serum IGF-1 are critical to skeletal muscle growth [2].
IGF-1 is a small polypeptide hormone (70 amino acids) and
is known as a positive modulator of muscle growth that is
produced and secreted by the liver and skeletal muscles
[2, 11]. IGF-1 stimulates protein synthesis and reduces
protein breakdown [12] and enhance muscle hypertrophy
[2]. It has been shown to have a strong anabolic effect on
muscle tissues [1]. Overloaded muscle and subsequent
mechanical damage after resistance training appear to be
prominent stimuli for circulating IGF-1 secretion, which
plays a prominent role during tissue remodeling process
[13, 14]. Therefore, the concentration of circulating IGF-1
may increase during repair and growth processes [15].
However, some studies have shown no change in
circulating IGF-1 during or following resistance training
[11, 13, 16, 17].
Despite the proven effectiveness of resistance
training in building strength, uncertainty still exists about
the most efficient way to train. The work of DeLorme
showed that with training, strength returns more quickly
to atrophied muscles and hypertrophy is achieved by
20-30 repetitions [18]. DeLorme defined the ten-repetition
maximum as the weight an individual could lift only ten
times before temporary failure of the muscle occurred.
One of the DeLorme's hypotheses is that the muscle
should be warmed up by the time 10RM is reached.
Therefore, once the 10RM has been established, the
subjects begin sets of training by performing the first set
of 10 at 50% 10RM, the second at 75% 10RM and the third
at the 10RM [19]. Warm-up lifts did not intend to fatigue
the muscle to the point that interfered with the subject’s
ability to complete the 10RM [19]. Instead these initial
lifts were thought to be important in preventing
muscle soreness and in teaching the subject how to
complete the exercises, thereby permitting maximal
exertion by the final set. Zinovieff identified another
method to strengthen muscle, the Oxford technique, in
which heavy resistance and low repetition was maintained
as per DeLorme, but the full 10RM was the first set and
was subsequently reduced to 75% and to 50% of 10 RM
in the two remaining sets. It was thought that this
decrement in resistance would mimic the progressive
increase in muscle fatigue [20].

Considering the fact that Oxford (Reverse Pyramid
resistance training, RPT) and DeLorme (Pyramid
resistance training, PT) resistance training methods
are very common in gyms and yet it is not clear which
method is associated with more growth factor secretion,
more strength gain and less cell injury indices and
regarding the fact that data involving healthy subjects
using these two methods is very limited and in view of
deficiencies described above, the aim of this study is to
examine the effect of acute and chronic DeLorme and
Oxford resistance training on serum cell injury indices and
growth factor in untrained women and also to assess
possible relationship between IGF-1 and cell injury
indices.
MATERIALS AND METHODS
Subjects: 34 women (age: 18.5±2.20 years, weight:
56±9.86 kg, height: 162±5.33 cm) volunteered to participate
in this study. Written consents were filled out by the
subjects in accordance with the policy statement
regarding the use of human subjects and informed
consent of the Sport Science Research Center (SSRC)
of Iran. The subjects had not been involved in any regular
exercise and had no previous experience of resistance
training. They were all healthy and were examined by a
physician. Subjects were randomly assigned to pyramid
training (DeLorme) (PT) (N=12), reverse pyramid training
(Oxford) (RPT) (N=12) and control groups (CON) (N=10).
Initially 12 subjects were assigned to the CON group;
but as 2 subjects did not participate in the last blood
sampling, data of the remaining 10 CON subjects was
analyzed. The number of subjects in this study was based
on the previous sources [21, 22]. Subjects were matched
for physical characteristics before the study started.
A minimum of one week was used for the familiarization
period to allow subjects to accustom themselves to the
exercises and to test procedures before initial data
collection. The research project and observance of ethical
issues was approved by Physiology Committee of
Tarbiat Moallem University and Sport Science Research
Center (SSRC) of Iran.
Body Composition: Lange skin fold calipers were used to
measure body fat percentage. Three-site skin fold
Jackson’s prediction equation (triceps, suprailiac and
thigh skin folds) was used to determine body fat
percentage [23].
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Measurement of Strength: Ten repetition maximum
(10RM) was assessed for six exercises (biceps curl, triceps
extension, lateral pull down, leg extension, leg curl and
leg press) on 0th, 3rd and 6th training week. 10RM was
defined as the maximum amount of weight that could be
lifted 10 times through a full range of motion. In other
words, the resistance used by the subject in a particular
exercise was heavy enough to allow only the targeted
number of repetitions (10 repetitions) for a given set,
thus 10RM was a resistance by which the subject could
only perform 10 repetitions [17]. Each subject performed
a standard, general warm-up before 10RM testing.
For 10RM test, each subject began by lifting a load
with an interval of 2 minutes. The load increased at stages
so that the 10RM could be determined in 10 attempts.
We estimated 1RM from 10RM [24] and computed a net
change score by subtracting the initial 1RM from the
final 1RM.

using enzymatic IFCC method and serum aldolase using
enzymatic ultraviolet method. Serum IGF-1 concentration
was determined using ELISA techniques. (In the present
study, total circulating IGF-1 is determined, including
hepatic and skeletal muscle).
Statistical Analysis: Kolmogrov-Smirnov test was used
to check normal distribution. Hormonal and blood variable
data were evaluated using an analysis of variance with
repeated measures. Bonferroni’s post hoc test was used
to determine when significance occurred in the time
intervals. Since blood samples of the control group were
not gathered at T2 and T3, ANOVA with repeated
measures was used only for the P and RP groups.
Considering the fact that no change was observed in the
control group at posttest, it was omitted in the statistical
analysis. The independent Student’s t-test was used to
analyze the differences in muscle strength, hormone and
blood variable data and body composition between
experimental groups. The multiple regression was used to
determine the relationship between growth factor and cell
injury indices. P<0.05 were considered to be statistically
significant.

Resistance Training Protocol: Each subject trained
3 days a week for 6 weeks. On exercise training days,
the subjects performed some light stretching and
warm-up exercises such as mild walking and
jogging for 10-15 minutes. The pyramid (DeLorme)
group started their first set of ten repetitions at 50%
of 10RM, the second set of ten repetitions at 75% of
10RM and the third set of ten repetitions at the 100% of
10RM. The reverse pyramid (Oxford) group performed
their sets quite the reverse: 100% of 10RM, 75% of
10RM and 50% of 10RM. The subjects lifted a weight
at a comfortable speed. There was a 2-minute
interval between each set. At the end of the third
weeks, a new 10RM was established and training
continued according to the new 10RM. At the end
of the sixth week, the same muscle performance
tests of strength were performed to determine a gain in
strength.

RESULTS
At baseline, the pyramid and reverse pyramid
resistance training and control groups did not
significantly differ with respect to age, height, weight,
BMI, body fat percentage, circulating IGF-1, AST, ALD,
CK or 1RM strength (Table 1, 2).
Muscular
Strength:
Resistance
training was
associated with increased muscle strength (Table 2,
P=0.00). In non-exercising control group, 1RM
strength did not change (P=0.92). Strength increases
(expressed as kg) were similar in both groups except for
the biceps curl which was significantly greater in reverse
pyramid group when compared with pyramid group
(P=0.04).

Blood Sampling: Each participant provided a venous
blood sample before (T1) 24 hours [4, 22, 23] after (T2)
the first training session and before (T3) and 24 hours
after (T4) the last training session. Venous blood samples
(5ml) were obtained from superficial forearm vein
during the same time of the day. Whole blood was
centrifuged at 1500 g and the resulting serum was stored
at -20°C until it was analyzed. Whole blood was used to
determine serum CK using standard colorimetric
procedures at 340 nm, serum aspartate aminotransferase

Creatine Kinase: Resting serum CK is presented in
Table 1. CK was significantly elevated at T2 in both
groups (Fig.1, P=0.02 for PT, P=0.004 for RPT) with no
difference observed between the groups (P=0.21).
After 6 weeks of resistance training (T4), CK increased
again, but this increase was lower compared to the first
session and it was only significant in RP group (P=0.02).
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Table 1: Baseline values for pyramid (PT), reverse pyramid resistance training (RPT) and control groups
Control
Age (yr)
Height (cm)
Weight (Kg)
BMI (Kg/m2)
Body fat (%)
Serum IGF-1 (ng.mLG1)
CK (U/L)
ALD (U/L)
AST (U/L)

PT

18.57±2.43
161±4.18
56.35±10.09
21.69±3.88
25.99±4.46
567.27±125.65
98.71±35.37
3.98±1.42
17.57±2.29

RPT

18.5±2.27
162±5.04
58.55±11.48
21.94±3.97
26.28±6.14
698.84±143.3
107.20±46.39
3.31±2.71
17.20±4.46

18.6±2.22
162±6.58
53.20±8.09
20.01±2.04
24.82±4.01
675.11±176.2
101.1±43.61
4.48±2.06
16.70±2.88

Values are mean± SD. N for control=10, N for PRT=12 and N for RPRT=12
Table 2: Muscular strength change after 6 weeks of training

Exercises

Group

Biceps curl (kg)

PT
RPT
PT
RPT
PT
RPT
PT
RPT
PT
RPT
PT
RPT

Triceps extension (kg)
Lateral pull down (kg)
Leg extension (kg)
Leg curl (kg)
Leg press (kg)

Mean± SD
--------------------------------------------------------------Baseline
6 weeks
13.33±3.140
13.33±3.140
16.66±3.510
15.99±3.440
21.99±3.210
20.66±2.100
30.65±9.000
30.66±6.440
16.37±7.350
14.49±6.800
85.99±17.05
75.99±13.03

P-Value
------------------------------------------------------------------within group
between groups

23.47±4.67
26.16±3.24
27.38±5.0
25.37±2.45
31.16±5.27
30.40±3.31
50.43±10.90
56.66±7.02
25.16±10.26
21.96±7.28
125.59±17.37
122.17±13.12

0.001*
0.001*
0.001*
0.001*
0.001*
0.001*
0.001*
0.001*
0.002*
0.003*
0.001*
0.001*

0.04*
0.40
0.73
0.056
0.57
0.11

PT= Pyramid Resistance training, RPT= Reverse Pyramid Resistance Training. * P < 0.05 (significant)
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Fig. 1: Effect of PT and RPT resistance training on
serum CK. In both groups CK significantly
elevated at T2 versus T1. At T4, CK had a
significant increase only in RPT group. Also at T4,
CK had a significant decrease compared to T2 in
PT group. * P < 0.05 in groups and at p<0.05
between the groups. Values are mean SE, N=12 for
each group.

T2
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T4

Fig. 2: Effect of PT and RPT resistance training on serum
ALD. ALD levels were not significantly affected
by training. Values are mean SE, N=12 for each
group
In fact, CK increment had a significant decrease in
the last session (T4) compared to the first session (T2) in
PT group (P=0.027), which showed that adaptations
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Fig. 3: Effect of PT and RPT resistance training on serum
AST. AST levels were not significantly affected
by training. Values are mean SE, N=12 for each
group
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Fig. 4: Effect of PT and RPT resistance training on
circulating IGF-1. IGF- 1 levels were not
significantly affected by training. Values are mean
SE, N=12 for each group

Table 3: P-Value for the relationship between IGF-1 and AST, ALD, CK
Groups

Variables

PT

IGF-1

AST
ALD
CK

P-Value at D1
0.49
0.63
0.22

P-Value at D2
0.78
0.93
0.71

RPT

IGF-1

AST
ALD
CK

0.13
0.23
0.78

0.24
0.17
0.87

D1: T2 and T1 difference, D2: T4 and T3 difference
Table 4: Body composition change after 6 weeks of resistance training

Parameter
Weight (Kg)
BMI (Kg/m2)
Body fat (%)
Arm CIR (cm)
Leg CIR (cm)
Arm skin fold (mm)
Leg skin fold (mm)

P-Value
-------------------------------------------------PT
RPT

PT

RPT

58.45±10.25
21.91±3.48
25.93±5.66
26.60±2.80
51.60±4.45
15.40±7.39
31.80±6.81

53.50±7.76
20.15±2.09
24.93±3.70
25.35±2.47
48.45±3.75
15.50±5.35
28.80±5.34

0.85
0.87
0.21
0.27
0.18
0.51
1.00

0.46
0.38
0.64
0.55
0.26
0.81
0.64

PT= Pyramid Resistance training, RPT= Reverse Pyramid Resistance Training
CIR= circumference

control group, ALD did not change (3.98±1.42U/L at 0th
week and 3.99±1.47U/L at 6th week, P=0.98).

occurred. This decrease was not significant in RP group
(P=0.24). In non-exercising control group, blood samples
were gathered at the beginning of the study and 6 weeks
later. CK did not change in this group (98.71±35.3U/L at 0th
week and 83.14±15.93U/L at 6th week, P=0.21).

Aspartate Aminotransferase: No significant change was
observed in serum AST after one session (T2) or after 6
weeks of resistance training (T4) (Fig. 3, P=0.081 for PT,
P=0.23 for RPT). There was no significant difference
between the groups either (P=0.85 at T2, P=0.55 at T4).
In non-exercising control group, AST did not change.
(17.57±2.22U/L at 0th week and 18.42±2.57U/L at 6th week,
P=0.35).

Aldolase: Neither pyramid nor reverse pyramid groups
were associated with changes in ALD at T2 and also after
six weeks of resistance training at T4 (Fig. 2, P=0.25 for
PT, P=0.32 for RPT). There was no difference between the
groups (P=0.48 at T2, P=0.57 at T4). In non-exercising
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Serum Insulin-Like Growth Factor: Resting
concentrations of circulating IGF-1 are presented in
Table 1. Resistance training was associated with a
decrease in circulating IGF-1 after one session (T2),
which was not significant (Fig. 4, P=1.00 for PT, P=1.00
for RPT) and it was not significantly different in response
to pyramid versus reverse pyramid resistance training
(P=0.67). After six weeks of resistance training (T4),
circulating IGF-1 increased, which was not significant
either in groups (P=1.00 for PT, P=0.85 for RPT) or
between groups (P=0.58). In non-exercising control
subjects, serum IGF-1 did not change (567.27±125 ng.
mLG1 at 0th week and 570.42±132 ng.mLG1 at 6th week,
P=0.64).
No statistically significant relationship was found
between serum IGF-1 and cell injury indices (AST, ALD,
CK) in both groups (Table 3).

At T4, both PT and RPT groups had increment in
serum CK (but it was only significant in RPT). Six weeks
of resistance training were associated with adaptations,
since CK increment at the last session (T4) was lower
compared to the first session (T2) and a significant
decrement was observed in the pyramid group. Therefore,
due to resistance training, adaptations in response
occurred and muscles underwent little pressure or even
injury. However, it seems that reverse pyramid exercise
imposes greater stress on the muscles even after muscular
adaptations (strength improvement), which probably
relates to the nature of this type of exercise because in
this method, the participants should lift the heaviest
weight in the first attempt before the muscles become
completely prepared.
Circulating IGF-1 concentration had no significant
change. Indeed circulating concentrations of IGF-1 seem
to respond to exercise in a biphasic manner. Circulating
IGF-1 levels have been found to decrease during brief
exercise periods in a number of studies and to increase
during more chronic periods of exercise [33, 34, 35, 36].
As Raastad et al. (2000) found, during a strength training
program, circulating IGF-1 decreased after eight days of
training [37] while Borst et al. (2001) found that circulating
IGF-1 had increased after 13 weeks in a 25-week resistance
training program [38]. A rapid increase in lifting capacity
correlated with this rise. Therefore, the increase in
muscles strength at the beginning of the training is due
to neural adaptations (when serum IGF-1 decreased)
while latter changes have a much higher contribution of
structural changes such as muscular hypertrophy [39].
In our study circulating IGF-1 decreased at T2 (not
significant) but after 6 weeks of resistance training it
increased, though it was not significant. Possibly, there
would be a statistically significant increase if our training
period lasted more.
An explanation for this biphasic phase of serum
IGF-1 response to exercise is the inflammatory hypothesis
[40]. Beginning phase of an exercise program leads to a
tremendous increase in serum concentrations of
various cytokines which increase inflammation. This was
observed in a study by Scheet et al. (2002) in which they
had participants to play intense soccer. Proinflammatory
cytokines such as tumor necrosis factor increased and
serum IGF-1 decreased with this increase [36]. As training
progresses, participants successfully adapt to the training
load with subsequent lowering of proinflammatory
cytokines. As they lower, serum IGF-1 levels increase.
On the other hand, there are some factors that can
affect circulating IGF-1; factors like IGFBPs (IGF binding
proteins) have the potential to alter serum IGF-1 action.

Body Composition: No change was observed in body
fat percentage, weight, BMI, arm and leg circumferences,
arm and leg skin folds (Table 4).
DISCUSSION AND CONCLUSION
We found that the acute response (T2) to resistance
training (DeLorme or Oxford method) is a significant
increment in serum CK. Maybe it is a result of increased
membrane permeability due to mechanical load or
metabolic effects [5] which indicates a possible
relationship between muscle damage and strenuous
performance. The serum CK level can be raised from the
damage of the muscle tissue as a consequence of intense
training [25]. Indeed It is established that resistance
exercise can damage muscle tissue [26]. Determination of
CK is the most common marker to assess skeletal muscle
damage [27]. In studies of high force eccentric exercises,
a common variable used to estimate the degree of muscle
cell injury is the enzyme creatine kinase, which is released
from damaged cell and accumulated in the blood [28, 29].
However, measurements of other enzyme levels (ALD,
AST) are also indicative markers of skeletal muscle injury
[6, 27]. Muscle tissue damage after resistance training and
serum enzyme increment have been reported in many
studies [7, 8, 30, 31, 32], but to our knowledge, few studies
investigated the adaptations occurred in response to a
training program in different protocols. In our study,
although AST and ALD increased, it was not as
significant and dramatic as CK. Since among these three
enzymes, only one of them had a significant increase,
there is a doubt about the occurrence of muscle damage
after these trainings.
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Serum IGF-1 binds to as many as 10 distinct serum
proteins [38]. Nearly all circulating IGFs are bound to
IGF binding proteins. These factors regulate serum
IGF availability; indeed they protect serum IGF-1 from
degradation and lower the free concentrations of serum
IGF-1 [38]. Resistance exercise has been shown to elevate
IGFBPs [40], so there is a possibility that in our study
serum IGF-1 increased, but since there was an increase in
IGFBPs too, (and serum IGF-1 tends to bind to IGFBPs),
no change was observed in serum IGF-1 concentrations.
Due to lack of a significant relationship between
circulating IGF-1 and AST, ALD and CK, it is possible
that the amount of muscle tissue damage observed after
resistance training does not require alterations in
circulating IGF-1. The relatively low AST and ALD
response also indicate that training status may influence
the amount of muscle tissue disruption and thus types of
operational mechanism of remodeling [17]. Kraemer et al.
(1995) also found no relationship between serum IGF-1
and CK [17].
This study aimed to determine the optimal method of
developing muscle strength between DeLorme and Oxford
methods. Determining the best method for building
strength is relevant to individuals of all ages and all health
levels. Our results showed that both DeLorme and
Oxford methods develop strength in healthy girls.
Muscle strength improved in all exercises without any
change in body composition. Optimal strength
development can occur when a muscle contracts against
a degree of resistance high enough to reach maximal or
near maximal effort [20]. Early gains in strength are
attributed to nervous system adaptations and latter
strength benefits are attributed to hypertrophy and
structural changes [39]. Considering the increment of
strength without a change in body composition, we came
to the conclusion that strength increment in our study is
due to neural adaptations. Kemmler et al. (2004) also
found that single sets and multiple sets of resistance
training increased women strength without any change in
body mass and body composition [41].
Strength increases had no significant difference
among the groups except for the biceps curl (greater gains
were observed in the Oxford group). Although the
mechanism is not clear and needs more investigations,
it seems that training stress is more expressed in biceps
because of its weakness. Older studies found Oxford
method more efficient [36] and in recent studies Fish et al.
(2003) reported no difference between these two methods
in developing strength [20].
In conclusion, it should be mentioned that these
methods have similar effects on growth factor response,

but enzyme response was greater in Oxford method.
And there is no relationship between IGF-1 changes
and cell injury indices. Both DeLorme and Oxford
resistance training methods were found to be efficient
in developing strength and are recommended to those
who are eager to improve their physical fitness and
strength. Considering the greater increment in CK levels
at the beginning of the training, it is recommended that a
lower stress should be imposed at the first sessions in
untrained subjects.
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