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Abstract
Background 
and Study Aim

Resistance training is considered as the most effective method to increase muscle strength and mass. The 
present study aimed to compare the effect of a double pyramid and a flat pyramid training methods on 
hypertrophy and muscular strength of male power-lifters. 

Material and 
Methods

Thirty students (age 21.40±1.71 years) were randomly assigned to three groups of double pyramid training 
(10 subjects), flat pyramid training (10 subjects), and the control trained by the traditional method (10 
subjects). The experimental groups were trained three sessions a week for eight weeks whereas the control 
group continued their ordinary training program in the traditional method two sessions a week. Before 
and after the training, the muscular strength index was measured by bench press, leg press, and deadlift 
and the muscle volume was determined in their chest, arm, and thigh. Data were statistically examined by 
the analysis of variance and paired t test in the SPSS (ver. 21) software package. The significance level was 
set at the P<0.05 level. 

Results Significant differences were observed among the studied groups in the variables of bench press, leg press, 
and deadlift, as well as in the variables of arm volume, chest volume, and thigh volume (P < 0.05). Bench 
press, leg press, deadlift, and the volume of arm, chest, and thigh were increased significantly from the 
pretest to the posttest in all three groups (P < 0.001). 

Conclusions: A double and flat pyramid training period has similar positive impacts on muscular strength and volume 
of power-lifters. 
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Introduction1

Power-lifting is a strength exercise composed of 
three practices: squat, bench press, and deadlift. Besides 
muscle volume, an important item in powerlifting is 
maximal power which is the chief parameter of muscle 
fitness for optimal implementation of sporting skills 
such as jumping, speeding, and direction shift. When the 
goal of a resistance training program is to increase the 
maximal strength, the training load (intensity) will be one 
of the most important variables in designing the training 
program  [1]. Given the physiological principles for the 
use of maximum loads to increase strength, the maximum 
loads can essentially stimulate and retrieve all motor 
units including fast-twitch and slow-twitch  [2]. As such, 
Häkkinen et al.  [3]  reported that the use of a maximal 
load of 80-85% of one repetition maximum (1RM) is of 
crucial significance to achieve optimal consistencies in 
the muscular strength of the trained people. In addition, 
training volume and intensity are the main variables in 
resistance training. Preceding research has shown that 
changes in training volume influence neural, hormonal, 
hypertrophic, and metabolic responses [4]. 

In the literature on strength training, the impact of 
traditional (linear) loading pattern has been extensively 
subject to research. It is composed of three cycles. In 
each cycle, the training initially has a high volume 
and a moderate intensity followed by an increase in 
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the intensity and a decrease in volume as the training 
progresses [5]. In contrast, the nonlinear pattern is 
composed of short-term high-volume periods and is 
based on the sinuous manipulation of the training volume 
and intensity  [6, 7]. Most research has focused on the 
effect of traditional training [8]. Nonetheless, the impacts 
of sinuous nonlinear training patterns, especially flat 
and double pyramid methods, have not been compared 
adequately yet. In this respect, the most common training 
protocols to increase power and hypertrophy are to use 
a fixed load at each set of a flat pyramid loading pattern 
and to progressively increase the training load from one 
set to the next in a double pyramid loading pattern [9, 
10]. It has been documented that flat pyramid loading 
patterns to achieve the maximum strength (maximum 
power) are accompanied by a slight increase in muscle 
volume (hypertrophy) and creates the highest level 
of neural consistency. So, it is superior over the other 
loading patterns in increasing the maximum power [11]. 
In contrast, double pyramid patterns impose high pressure 
and it seems to further increase muscle volume [12, 13]. 
Some research has shown that resistance training with 
more sets would perform better [13, 14] . In a study on 
weight-lifters, Rhea et al.  [15]  found that the three-set 
resistance training outperformed the one-set training in 
enhancing strength. Similarly, Kelly et al.  [16]  reported 
that after eight weeks of resistance training, the strength 
in knee extension was increased only in the training 
group with more sets whereas no significant increase was 
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observed in strength in the training group with fewer sets. 
Despite a wealth of research in this field, there is a 

broad gap in the published literature as to the role of 
training variables in increasing muscular power and 
volume. However, relatively few studies have focused 
on muscular adaptation in response to different loading 
methods. So, given the contradictory and ambiguous 
results, the present study aimed to shed light on the 
effect of resistance training with two different methods 
in muscular power and hypertrophy parameters in male 
power-lifting athletes. 

Materials and Methods
Participants. The statistical population was composed 

of power-lifters of a selected club in the city of Rasht, 
Iran of whom 30 students (age 21.40±1.71 years) were 
randomly assigned to three 10-individual groups for the 
double pyramid, flat pyramid, and control. Muscular 
power parameters and volume were measured before and 
after the training sessions. The inclusion criteria included 
that the athletes should have been trained in body-
building at a rate of three sessions a week for at least 12 
months and they should not have taken any supplements 
or anabolic steroids. 

Research design. The control group kept their 
ordinary training in the traditional method two sessions 
a week. The research was conducted in accordance with 
the Declaration of Helsinki and was approved by the 

Ethics Committee of the Islamic Azad University, Rasht 
approved. Ethic’s code was IR. IAU. RASHT. REC. 1399. 
014. The sample size was determined by the G power 
(Ver. 3. 1. 9. 2) software package to be 28 specified for 
ANOVA at the error level of α = 0.05 and β = 0.80, but it 
was increased to 30 individuals to have the same number 
of subjects in each group. 

The resistance training program was implemented 
three sessions a week for eight weeks (Tables 1 and 2). So, 
two training protocols were developed. The flat pyramid 
training method was performed in nine movements in 
seven consecutive sets at an intensity of 80-100% of 
1RM. The double pyramid training was conducted in nine 
movements in eight consecutive sets at an intensity of 80-
100% of 1RM  [1, 12, 17, 18] . 

Measurement: The height and weight of the subjects 
were measured with a Seca measurement device in kg. 
The maximum power of the subjects was measured 
using 1RM by the method of McGowan and colleagues 
[19] . The muscular power (maximum strength) was 
measured by three movements of bench press with a 
barbell, squat with a barbell, and deadlift. In these three 
tests, the number of movements was recorded for each 
subject based on the weight in kg and Equation was used 
to calculate 1RM. Also, the muscle volume was measured 
by the anthropometry method for the muscles of the chest, 
thigh, and gluteal muscles using an inelastic tape made in 
China  [18, 19] . 

Table 1. Flat pyramidal training protocol

Week Flat pyramidal training Rest 
(second) Sets Repeat Intensity

1-4

Barbell chest press, Triceps, 
Barbell Bent-over Row, 
Barbell Full Squat, Dedlifte, 
Standing Barbell Curl, Close 
Grip Bench Press, seated 
barbell millitary press,leg 
curl, Standing Machine Calf 
Raise 

180 7 6-3-3-3-3-3-6 80-90%

5-8 180 7 1-2-3-4-5 90-100%

Table 2. Double pyramidal training protocol

Week Double pyramidal 
training

Rest 
(second) Sets Repeat Intensity

1-4

Barbell chest press, 
Triceps, Barbell Bent-
over Row, Barbell 
Full Squat, Dedlifte, 
Standing Barbell Curl, 
Close Grip Bench 
Press, seated barbell 
millitary press,leg curl, 
Standing Machine Calf 
Raise

180 8 4-3-2-1-1-2-3-4 80-90%

5-8 180 8 4-3-2-1-1-2-3-4 90-100%
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Statistical Analysis. One-way analysis of variance 
(ANOVA) was used for between-group comparison and 
the correlated t-test was applied to check the statistical 
significance of pretest and posttest at the P < 0.05 level. 
All statistical operations were performed in the SPSS 
software package. 

Results
According to Table 3, significant increases were 

observed in the bench press, leg press, deadlift, arm 
volume, and chest volume in all three groups of the 
flat pyramid, double pyramid, and control after the 
intervention (P = 0.001). 

According to the results of the one-way ANOVA, the 
three studied groups differed significantly (P < 0.05) in 
the bench press, leg press, deadlift, arm volume, and chest 
volume. 

Discussion
The results revealed significant increases in the 

variables of muscular strength and the number of bench 
press, leg press, and deadlift in the experimental groups. 
Our uttermost finding is the equal increase in upper-body 
and lower-body strength in the flat and double pyramid 
protocols after eight weeks of training. Since the training 
volume and load were the same in the two protocols, this 
finding was not unexpected. 

Several studies have reported similar increases in the 
strength when the volume was kept constant in different 
resistance training protocols. In this respect, Chestnut 
et al.  [20] reported that in both training groups with 
equal volume and different training zone of 4RM (six 
sets with four repetitions until failure in each set) and 
10RM (three sets with 10 repetitions until failure in each 
set), similar increases were achieved in 1RM strength 
of forearm flexors, movement power of forearm flexors 

Table 3. Changes of Research Variables Groups Before and After 8 Weeks of Resistance Training 

Variables Group Baseline Post -test Paired-testa ANOVAb test

Weight (kg) Dual pyramidal 79.90±2.68 80.91±2.66 0.001* 0.055

Flat pyramidal 84.80±2.52 83.80±2.50 0.001*

Control 84.60±2.50 84.80±2.41 0.001*

chest press Dual pyramidal 71.20±1.32 73.40±1.43 0.001* 0.001*

Flat pyramidal 69.40±1.56 71.60±5.16 0.001*

Control 72.00±1.38 72.95±1.45 0.001*

leg press Dual pyramidal 107.50±3.00 113.0±3.09 0.001* 0.001*

Flat pyramidal 116.0±2.56 121.20±2.59 0.001*

Control 114.0±3.05 117.0±3.0 0.001*

dead lift Dual pyramidal 52.60±1.91 55.10±1.85 0.001* 0.001*

Flat pyramidal 53.0±1.30 57.70±1.25 0.001*

Control 51.30±1.38 52.20±1.38 0.001*

Arm volume Dual pyramidal 37.90±0.48 38.70±0.42 0.001* 0.001*

Flat pyramidal 38.40±0.54 39.25±0.54 0.001*

Control 37.70±0.47 38.05±0.47 0.001*

chest volume Dual pyramidal 101.10±0.86 102.10±0.88 0.001* 0.001*

Flat pyramidal 102.30±0.94 103.05±0.88 0.001*

Control 102.40±0.84 102.70±0.77 0.001*

Hip volume Dual pyramidal 65.20±0.69 66.10±0.65 0.001* 0.001*

Flat pyramidal 64.50±0.73 65.50±0.77 0.001*

Control 63.90±1.0 64.45±0.99 0.001*

cm = centimetres, kg = kilograms, % = percent, s = seconds, m = metres, r= repeat; BMI: Body mass index,* significant 
p-value (p= < 0.05) ;  a paird t-test , bANOVA test
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and extensors, and muscle size in the untrained subjects 
after 10 weeks of resistance training. Larson found that 
the muscular power of both groups was increased in each 
training session after two weeks of resistance training 
[21]. The increase in the hip power of the resistance 
training group was significant, but the two groups did 
not differ significantly in the shoulder press. In addition, 
Bakhtjerdi et al.  [22]  examine the traditional and TRX 
training programs and revealed that the maximum leg 
power was increased in both groups after each station. 
Also, the thigh cross-sectional area was increased in both 
groups, although the increase was greater in the traditional 
training group than in the TRX group. 

Although the two training protocols had various 
loading methods, both protocols used the maximum loads 
to increase the strength. In this respect, it can be said that 
when maximum loads and fewer repetitions are used, 
the retrieval of fast-twitch motor units and the exertion 
of pressure on the neuromuscular system change the 
neural activity of the muscle, thereby increasing muscular 
strength [23]. In contrast, Ghigiarelli et al. showed that 
the bench press strength with intensity of 60-70% of 1RM 
did not change significantly although it was higher in 
the training group [24]. In addition, Zourdos et al. [23] 
compared the effect of modified and traditional resistance 
training programs on hypertrophy in 18 20-year-old male 
body-building students and found that hypertrophy did 
not differ between the groups significantly. 

The possible reasons for the inconsistency with our 
research are the training protocol and the age of the 
subjects as we used two types of pyramid training whereas 
they used traditional training and bench press. 

Changes in muscular power and size after resistance 
training are likely to be accompanied by an increase in the 
size of muscular fibers and the conversion of motor units 
or phenotype. Beside the increase in the cross-section of 
muscular fibers in resistance training, changes happen 
in the isoforms of the myosin heavy chain from the fast-
twitch fibers type IIb to the fast-twitch fibers type IIa. 
Overall, the increase in muscular strength is more related 
to the hypertrophy of the fast-twitch muscle fibers. 

With respect to the variable of hypertrophy, significant 
increases were revealed in arm volume, chest volume, and 
thigh volume in the flat and double resistance training 
groups. Bakhtajerdi et al.  [21] reported that the thigh 
cross-section increased in both groups, but the increase 
was greater in the traditional group than in the TRX group. 
Zoudros et al.  [23] did not find any significant differences 
between the groups in hypertrophy in squat and deadlift, 
whilst the traditional resistance training group had higher 
chest hypertrophy. Schoenfeld et al.  [25]  showed that 
after eight weeks, no significant differences appeared in 
the hypertrophy of biceps muscles, but the changes in the 
hypertrophy after bench press and squad were significant. 
On the contrary, Nezami et al.  [26] found that the 
participants subjected to the pyramid method had higher 
triceps brachial strength and size than those subjected 
to the flat pyramid method, but the increase was not 
statistically significant. They reported that the capacity to 

produce the maximum force in a muscle is determined in 
the first place by the simultaneous contraction of muscular 
sarcomeres. The increase in strength during resistance 
training can be expected to relate to the increase in muscle 
size  [26]. 

O’Shea et al.  [27] studied the effect of a six-week 
training program in two groups – a low-volume group and 
a high-volume group on 30 students and found that despite 
the increase in the volume of thigh muscle in both groups, 
there was not a significant difference between them. The 
inconsistency of these studies with our findings can be 
attributed to the type of training protocols (both resistance 
training with different volumes and flat pyramid training 
in study of O’Shea et al. comparing to versus double and 
flat training methods in our research) and subjects (novice 
versus athletes of power-lifting). 

There are several mechanisms for the impact of 
training on increasing hypertrophy. Hypertrophy induced 
by a workout in resistance training methods often results 
in an increase in sarcomeres and at the same time, an 
increase in myofibrils  [28]. All in all, these events increase 
the diameter of single muscular fibers and consequently, 
enlarge the cross-section. The second training mechanism 
represents the length of muscular fibers. It has been 
documented that the length of muscular fibers increases 
both in old and young people after high-intensity resistance 
training. Indeed, the increase bring about an increase in the 
generation of maximum power  [29]. 

Based on the preceding research, the use of moderate to 
heavy loads at moderate to high repetitions is considered a 
high-volume program. This sort of training is regarded as 
a resistance program for muscle volume. 

Conclusions
In our research, although no definite reason can be put 

forth for the different responses of upper-body and lower-
body muscles to the two training protocols, the low number 
of the subjects in the training groups can be nominated 
as a major cause. So, it seems that the use of a similar 
mechanism for stimulating the neuromuscular system has 
led to similar initial neuromuscular adaptations by the 
two different protocols. On the other hand, six weeks of 
initial resistance training at the hypertrophy stage might 
have influenced the increase in the strength by the two 
protocols greatly. 

According to the results, a double or flat pyramid 
training program can by itself influence the strength and 
muscular hypertrophy of power-lifters significantly. 
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