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Effect of a strength or hypertrophy training protocol, each
performed using two different modes of resistance, on
biomechanical, biochemical and anthropometric parameters
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ABSTRACT: The study aimed to analyse the effectiveness of two variants of 8-week strength training
(hypertrophy, strength) with different modes of resistance. Healthy male subjects (n=75) were allocated to five
groups of equal size: hypertrophy training with a variable cam (Hyp-Cam), hypertrophy training with disc plates
(Hyp-Disc), maximal strength training with a variable cam (St-Cam), maximal strength training with disc plates
(Str-Disc), and a control group (CG). The Hyp-Cam and Str-Cam groups trained with a machine where the load
was adjusted to the strength capabilities of the elbow flexors. The Hyp-Disc and Str-Disc groups trained on
a separate machine in which a load was applied with disc plates. The CG did not train. All groups were assessed
for changes and differences in one-repetition (1RM) lifts, isokinetic muscle torque, arm circumference and arm
skinfold thickness, and plasma creatine kinase (CK) activity. Within the 8-week training period the 1RM increased
(p<.001) in all groups by over 20%, without significant between-group differences. Muscle torque increased
significantly (p<.001) only in the Hyp-Cam group (by 13.7%). Arm circumference at rest increased by 1.7 cm
(p<.001) and 1.1 cm (p<.001) in the Hyp-Cam and Hyp-Disc groups, respectively, but not in the Str-Cam
(0.3 cm; p>.05) or Str-Disc (0.2 cm; p>.05) group. Skinfold thickness of the biceps and triceps decreased more
within the 8-week period in Str-Cam (by 1.1 and 2.1 cm; p<.001 and p<.001 respectively) and Str-Disc (0.7 and
1.5 cm; p<.001 and p<.01 respectively) than in Hyp-Cam (by 0.4 and 1.8 cm; p>.05 and p<.01 respectively)
and Hyp-Disc groups (by 0.2 and 1.4 cm; p>.05 and p<.05 respectively). CK activity was significantly (p<.05)
elevated in each training group except Hyp-Cam (p>.05). The 8-week hypertrophy training with a variable cam
results in greater peak muscle torque improvement than in the other examined protocols, with an insignificant
increase in training-induced muscle damage indices.
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Resistance training is widely used as an adjunct or primary training
method to increase muscle size and strength in most sport disciplines.
Typically, to increase muscle size (or induce hypertrophy), moder-
ately heavy loads with moderate repetitions (8-12 range) and rest
periods between sets depending on the kind of trained muscles and
type of exercise, usually 1-3 min, are used [1-4]. By contrast, to
improve muscle strength, maximal or near maximal loads with few-
er repetitions (1-6 range) are often prescribed using primarily com-
pound exercises, but with rest periods allowing for appropriate re-
covery between sets and exercises [5—7]. These schemes can be
applied using either free weights and/or machines.
Resistance-training machines are recognized as safer to use and
easy to learn, and support the performance of some exercises that
may be difficult using free weights [3]. Machines help stabilize the

body and limit movement about specific joints, whilst engaging spe-
cific muscle groups during exercise [3]. Different training machines
are designed to provide resistance in a manner that activates muscle
contractions in a different way. Hydraulic antagonistic resistance ma-
chines allow only a concentric muscle action in a push or pull system.
This system is different from free weight training, where concentric
elbow flexion (biceps curl) is followed by eccentric biceps work, while
the elbow extends [8]. Isokinetic machines provide variable resistance,
such that force is developed at a constant velocity, but this kind of
muscle work is not natural compared to free weight exercises [9].
Most functional resistance-training machines are designed to pro-
vide resistance by a variable cam between the rotating lever arm,
against which the user applies torque, and the load to be lifted. This
is based on the assumption that in the human musculoskeletal system,
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the value of the strength depends on the muscle force as well as on
its arm [10-11]. By adjusting the radius of the cam, it is possible
to control the external load. Biomechanical analyses of human mo-
tion as a function of the angle have demonstrated that the muscles
at the joints develop their maximum torque only within a specific
range of motion. The range of changes in muscle strength potential
is different for different groups of muscles and joints, and the differ-
ences between the maximum and minimum values can reach
90% [12-17]. It may be assumed that the most effective workout
will occur using a machine where the load value, as a function of
the angle, is best tailored to human strength abilities. That means
that it is necessary to use a cam with a variable radius. The use of
a specially adjusted variable-radius cam makes the external load suit
the muscle abilities as a function of the angle [18].

Resistance training can produce significant muscle damage, as
a possible stimulus for adaptation [19-20]. The amount and sever-
ity of muscle damage depend on multiple factors including the type
of contraction, duration, and intensity of muscle work and sports
level [21]. Collectively, these stimuli damage the muscle by causing
an overstretching of the sarcomere to such an extent that it becomes
disrupted, resulting in elevated levels of creatine kinase (CK) and
other biomarkers [22].

Published studies were based mainly on single exercises in which
have found that cams shapes hadn't match to muscle torque with
respect to the entire range of joint motion [18,23-25], which may
then interfere with training-induced muscle size and strength adap-
tations over time. To address this problem, a recent study designed
a variable cam based on optimal muscle torque and electromyo-
graphic activity [26]. Subsequently, a training study was performed
that compared the effects of two training protocols, one using a vari-
able cam and another the disc plate approach, on strength and
power output. Both outcomes were found to be more pronounced
with optimal design of the variable cam, which was, essentially,
constructed to match the strength capabilities of elbow flexors [26].

The present study aimed to advance this work by investigating
a hypertrophy and maximal strength training protocol, each performed

TABLE 1. Groups and training methods.
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using a machine with an optimized variable cam and disc plate
method. Changes in muscle size and muscle torque were assessed
at pre-, mid- and post-training time points. Each training variant was
also evaluated for changes in plasma creatine kinase (CK) activity,
as an indirect measure of muscle damage. We hypothesized that
applying the variable cam in the elbow flexor training machine would
have a greater influence on increasing the muscles force and hyper-
trophy than training without a specially designed variable cam.

MATERIALS AND METHOD 'S 15—
Participants

The study encompassed 75 men, all physical education students
(aged 21 = 1 years) who declared that they had not engaged in
regular sports training for at least six months before the study com-
menced. The number of participants was based on previous experi-
ments and sample size calculations using G*Power software (version
3.1.9.4, Germany). A priori sample size was calculated for a group
by time interaction comparison (F test, ANOVA for repeated measures,
within-between interaction) with the following specifications: alpha
level = 0.05, power = 0.80, f effect size = 0.25. The estimated
number of subjects was 45. To fulfil these requirements and accom-
modate dropouts (~10-20%) in training studies, a total of 75 men
were recruited. During this experiment, the men only participated in
exercise activities that were part of the physical education curriculum.
All participants were informed about the study procedures, benefits,
risks and their obligations, before signing informed consent. They
were also informed that they could cease participation at any point,
without any consequences. The study was approved by the Scien-
tific Research Ethics Committee, approval no. SKE 001-106-01/2010.

Study protocols

The participants were intentionally divided into five groups of equal
size (Table 1): hypertrophy training with a variable cam (Hyp-Cam),
hypertrophy training with disc plates (Hyp-Disc), maximal strength
training with a variable cam (Str-Cam), maximal strength training with
disc plates (Str-Disc), and a control group (CG). The Hyp-Cam and

Group N  Body mass* [kg] Height* [cm] Training machine with: Training method
Hyp-Cam 15 76.3 £ 8.0 180.0 = 6.0 variable cam hypertrophy
Hyp-Disc 15 79.3 £ 9.9 183.0 + 7.0 disc plate hypertrophy
Str-Cam 15 74.8 £ 6.0 181.4 + 6.5 variable cam maximal strength
Str-Disc 15 75.7 £ 7.6 182.1 + 4.3 disc plate maximal strength
CG 15 79.2 = 8.7 183.0 = 6.0 control group

Hyp-Cam (hypertrophy training with variable cam), Hyp-Disc (hypertrophy training with disc plate), Str-Cam (maximal strength training
with variable cam), Str-Disc (maximal strength training with disc plate), CG (control group). * no significant differences between the

groups, p >.05.
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Effects of resistance training modes and machine characteristics on strength and biochemical response

FIG. 1. (a) Participant on the training machine, (b) shape of the
specially designed cam, (c) shape of the disc plate. The active
angle of the cam and disc (grey part) and rotation direction are
indicated.

Hyp-Disc groups were prescribed a muscle-size building protocol,
involving four sets of 10 repetitions max (10RM) and 3-minute rest
periods between the sets. The Str-Cam and Str-Disc groups were
prescribed a typical maximal strength training regime, involving eight
sets with maximal and submaximal loads (1% set: four repetitions x 75%
RM; 2" set: two repetitions x 85% RM; 3-8 set: 1RM), with
2-minute rest periods between sets. Training was performed on a Mas-
ter-Sport machine (Poland) for elbow flexors on Mondays, Wednesdays
and Fridays for eight consecutive weeks. The participants were required
to overcome external resistance during flexion (concentric muscle
work) and extension (eccentric muscle work) at both elbow joints at
the same time. The range of motion of the forearm was between
180 degrees (fully extended elbow joint) and about 30 degrees of
flexion. Before each training workout, the participants individually
performed a warm-up for the relevant muscle groups.

Two types of training machines were used (Fig. 1). One was
equipped with a disc plate with constant resistance (for Hyp-Disc
and Str-Disc groups) and the other with a variable-resistance cam
adjusted to match muscle torque (for Hyp-Cam and Str-Cam groups).
This second machine was based on a specially constructed cam that
provides the optimal stimulation of the muscles regarding each
given position of the elbow joint. The shape of the designed variable
cam was based on the maximal muscle torque measurements taken
also with the electromyographic (EMG) analysis of working muscles.
The training load was selected individually for each person based on
pre-training trials, with an accuracy of 5% 1RM. The external load
was systematically monitored during training. Every other Monday,
the one-repetition maximum (1RM) was measured on a training
machine, immediately after a warm-up, but before the workout com-
menced. Subsequently, the exercise training load was increased in
proportion to the increase in 1RM strength. The CG did not partake

in any resistance training. All men participated in pre-training trials
to familiarize themselves with the training machine, training protocols
and testing procedures.

Muscle size, muscle strength and CK assessments

In all groups, muscle size and strength were assessed on three occa-
sions: before training, after the fourth week of training, and after
completion of training (at the end of eight weeks). Peak torque values
of the elbow flexors were measured under isokinetic conditions, based
on a 3RM effort, using a Biodex System 3 Pro (USA) device with
angular velocity set at 30%/s, which was the closest value for move-
ment velocity on the training machine. The participants received ver-
bal motivation to apply maximum effort. Arm circumference at rest
(halfway along the arm length) and with tension (at the broadest point)
was measured using a metric tape with an accuracy of 1 mm. Skinfold
thickness was assessed on the anterior (biceps brachii muscle) and
posterior (triceps brachii muscle) sides of the arm using a Holtain
Skinfold Caliper with an accuracy of 0.1 mm. The anthropometric
measurements were taken using established principles. All data were
taken by the same investigators to eliminate bias. It is assumed that
the errors for anthropometric measurements are at a level below 10%
for skinfold thickness and 2% for arm circumference [27-28].

On Monday, the week before training commenced, resting plasma
creatine kinase (CK) activity was measured with follow-up assess-
ments in the fourth and fifth weeks of training. Additionally, CK was
measured on Monday mornings (pre-workout) and Friday afternoons
(post-workout) to monitor for any muscle damage arising from exer-
cise that week. Blood was collected from the earlobe after making
a small incision with a sterile lancet. The samples were centrifuged
and CK was measured using spectrophotometry, at a wavelength of
340 nm, using sets manufactured by Alpha-Diagnostics (Poland).
The measurements were taken at 37°C and expressed in U/L.

Statistical analysis

The normality of distributions was assessed using the Shapiro-Wilk
test. The observed differences were assumed to be significant at
a probability level of p<.05. A two-way analysis of variance (ANOVA)
for repeated measurements was used to evaluate within-group chang-
es and between-group differences in physical performance and bio-
mechanical and anthropometric parameters. Post-doc testing was
conducted using Tukey’s honest significant different (HSD) test.
Weekly changes in CK activity were similarly tested using a two-way
repeated measures ANOVA and Tukey’s HSD test. The CK data were
log-transformed (natural logarithm) before analysis to meet normal-
ity assumptions. All data were analysed using the STATISTICA soft-
ware package (version 10, StatSoft, Inc. 2011).

RES U LTS 150
There were significant increases in 1RM test performance every two
weeks in all training groups (p<.001), but no between-group differ-
ences in 1RM progression (p>.05). However, the 1RM test indicated
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FIG. 2. Changes in the 1RM test on a training machine in relation
to the pre-training data.

Hyp-Cam — hypertrophy training with variable cam; Hyp-Disc —
hypertrophy training with disc plate; Str-Cam — maximal strength
training with variable cam; Str-Disc — maximal strength training
with disc plate. Significant difference in relation to pre-training
data * p <.05, *** p <.001.

that the Hyp-Cam group showed the most rapid response to the
training load, whereby a higher 1RM test (p<.05) was found in the
second week of training (Fig. 2). In the remaining training groups,
1RM performance increased (p<.001) after four weeks. After the
8-week training period, the highest 1RM values were observed after
the strength training (A Str-Disc=37%; p<.001, A Str-Cam=32%;
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p<.001), with a smaller, several percentage increase after hypertro-
phy training (A Hyp-Disc=26%; p<.001, A Hyp-Cam=28%;
p<.001), but the between-group differences were insignificant
(p>.05).

An increase in muscle torque (p<.001) was observed only in the
Hyp-Cam group (Table 2). The increase in muscle torque in the
Hyp-Cam group also differed significantly from the Str-Cam, Str-Disc
and CG groups (p<.05).

Table 2 presents the absolute values of muscle torques, arm cir-
cumference and skinfold thickness measured before (pre), during
(mid) and after (post) training. In both groups (Hyp-Cam and Hyp-
Disc), the values of arm circumference at rest increased post-training
by more than 1 cm (p<.001) and were statistically higher than in
other groups. There were no significant changes in arm size with
strength training. Arm circumference with hypertrophy training was
greater compared to baseline values by over 1 cm (p<.001), whilst
arm circumference with strength training increased by around 0.6 cm
(p<.01).

Skinfold thickness on the anterior part of the arm (biceps) de-
creased only in the Str-Cam and Str-Disc groups (p<.001). Signifi-
cant changes occurred after four weeks of training and were main-
tained until the experiment ceased. Skinfold thickness on the
posterior part of the arm (triceps) decreased significantly in all four
training groups (by 1.4-2.1 mm), although in the Str-Cam (p<.001)
and Str-Disc (p<.01) groups, the changes appeared after four weeks,
and in the Hyp-Disc (p<.05) and Hyp-Cam (p<.01) groups, sig-
nificant differences from pre-training occurred only after eight weeks.

TABLE 2. Mean = SD values of the evaluated biomechanical and anthropometric parameters measured at pre-training (pre), mid-

training (mid) and post-training (post).

Grou Peak torque Circumference Circumference Skinfold Skinfold
P [Nm] at rest [cm] in tension [cm] biceps [mm] triceps [mm]
pre 64.9 £ 12.5 31.1 £ 2.7 34.6 £ 3.0 49+ 1.1 87 24

Hyp-Cam mid 70.0 + 11.1 314 +£29 349 £ 2.8 48 £1.0 87 22
post 73.8 = 10.2° 32.8 = 3.1° 35.7 = 3.0° 45+ 0.9 6.9 + 1.9°
pre 63.3 + 7.7 30.6 £ 2.6 342 £ 2.8 51 +22 9.6 + 3.9
Hyp-Disc mid 64.5 + 9.2 30.7 £ 2.6 345 +29 52 + 22 86 29
post 66.8 + 7.3 31.7 £ 2.6° 35.2 £ 2.7° 49 +1.9 8.2 + 3.2°

pre 63.3 £ 9.7 299+ 1.6 333 1.7 48 1.0 7.9 22
Str-Cam mid 63.1 = 85 30.0 1.9 336 1.9 3.8 £0.7° 6.5+ 1.8°
post 63.4 = 9.0 30.2 £ 1.8 33.9 = 2.0° 3.7 £0.7° 58 = 1.8°

pre 62.4 + 9.0 29.7 £ 2.5 33.0 24 4.1 £0.8 6.7 £ 2.4
Str-Disc mid 62.7 + 8.9 298 £ 2.3 334 24 3.7 £0.8° 5.3 + 2.0°
post 64.3 + 9.5 299 £ 2.4 33.6 = 2.4° 3.4 0.8 5.2 + 1.5°

pre 66.1 + 7.4 30.3 £ 2.2 334 23 49+ 1.3 82 +1.9

CG mid 64.2 + 7.5 30.0 + 2.1 334 23 49 +1.2 86 26
post 66.7 £ 7.6 305 + 2.1 33525 48 = 1.3 81=+19

Significant difference in relation to pre-training data ? p <.05, ® p <.01, ¢ p <.001.
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TABLE 3. Mean = SD values of plasma creatine kinase activity in each group during two consecutive weeks of training.

Group Monday [U/L] Friday [U/L] Monday [U/L] Friday [U/L]
Hyp-Cam 481 + 258 675 + 267 468 + 247 706 + 361
Hyp-Disc 348 + 172 568 + 2342 347 + 142 588 + 372°
Str-Cam 374 + 165 598 + 306° 360 + 136 561 + 245°
Str-Disc 288 + 113 474 + 169° 334 + 141 404 + 1542
CG 410 + 299 442 + 266 406 + 233 413 = 226

Significant difference in relation to CK activity on Monday # p <.05.

The CG group did not exhibit any significant changes in any biome-
chanical or anthropometrical parameter.

The course of changes in CK activity was similar in all training
groups (Table 3). We observed higher CK activity level on Friday
compared to Monday. In terms of hypertrophy training, significant
changes occurred only in the Hyp-Disc group (p=.006), while in the
Hyp-Cam group there was no significant change (p=.411). For both
strength-training groups, significant changes in CK activity were
noted in the Monday-Friday system (Str-Cam p=.036, Str-Disc
p=.021). In the control group, no significant changes in CK activity
between Monday and Friday were noted during the same period
(p=.569).

DISCU'S SO N /5
The exercises on the training machine used in this study proved to
be an efficient form of elbow flexion training. As a direct outcome of
the training, the values of maximal load (1RM) lifted in a test per-
formed on a training machine every two weeks increased for all
training groups. The value of 1RM is a parameter frequently used in
sports practice to evaluate the efficiency of strength training [29-33].
Admittedly, the 1RM test does not allow peak torque of the working
muscles to be determined. Nonetheless, the capability to overcome
a higher external resistance, which increases due to the training, may
be an indirect indicator of the increase in muscle strength that enables
the trainee to overcome this load [34].

After eight weeks of training, muscle torque increased signifi-
cantly, but only in men engaging in hypertrophy training on a machine
with a variable cam (Hyp-Cam). The changes in the rest of the groups
were not statistically significant (p>.05). Boyer [35] observed a sim-
ilar phenomenon and reported that in the case of various measurement
methods, the decidedly highest post-training increase in muscle torque
was noted under the same conditions as the muscle training performed
in this study. This is also confirmed in the study by Lehnert et al. [8],
who, after a 12-week period of training (three times a week) of knee
flexors and extensors using a hydraulic resistance machine, did not
note a significant increase in torques measured under isometric con-
ditions with an isokinetic dynamometer. However, when the

measurements of maximal strength are conducted under the same
conditions as the training effort, then for isometric conditions, as
shown by Driss et al. [36], four weeks of training of the elbow flexors
are enough to observe a significant increase in the torque of these
muscles. Probably therefore, in our experiment greater final increas-
es in the 1RM test occurred in groups performing maximal strength
training because these athletes practised with the 1RM value in each
training session. According to the training method, they improved
their maximal strength capabilities on the training machine but not
under isokinetic conditions.

Initial adaptations to resistance training are thought to be neural
in origin (e.g. motor unit recruitment, threshold of recruitment, inter-
muscular coordination), whereas structural changes in muscle mor-
phology tend to occur later in the training process [37-391. In the
present study, changes in muscle size only appeared after eight weeks
of training, especially in those groups prescribed hypertrophy training.
However, strength training had a clear effect (i.e. decrease) on skin-
fold thickness in the upper arm, and this was evident after only four
weeks of training. Notably, strength training produced a significant
decrease in skinfold thickness, without a change of arm circumfer-
ence. In such a case, we assume that some hypertrophy did occur,
causing the simultaneous decrease in skinfold thickness. This is
confirmed by Lowery et al. [40], who, based on the ultrasonograph-
ic measurements of the biceps brachii muscle, confirmed the hyper-
trophy effect after just four weeks of resistance training.

All training groups demonstrated a similar time course of changes
in CK activity. It is worth noting that CK activity on consecutive Mon-
days was at a similar level, so two days without exercise (Saturday
and Sunday) provided enough time for restoring CK levels back to
baseline values. Because the CK changes were similar in the Str-Cam
and the Str-Disc groups, it can be concluded that modification of the
cam’s shape in maximal strength training did not result in additional
muscle damage. On the other hand, hypertrophy training with a vari-
able cam (Hyp-Cam group) was a less strenuous stimulus for inducing
muscle damage than using a machine with a disc plate (Hyp-Disc
group). It can be concluded that in resistance training methods requir-
ing a greater number of repetitions in the sets, it is more effective to
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train on a machine with a custom-made variable cam. Damas et
al. [41] found that resistance training protocols that do not promote
significant muscle damage still induce similar muscle hypertrophy
and strength gains compared to conditions that do promote initial
muscle damage. Thus, they concluded that muscle damage is not the
process that potentiates muscle hypertrophy in resistance training.
Based on the above, in our experiment, the increase of CK activity
indicates greater damage of muscles while training on the machine
with the disc plate than with a variable cam, whereas use of a variable
cam caused optimal muscle load during the whole range of motion,
and therefore less damage of muscles fibres.

The use of a round disc plate for transferring the load causes the
muscles to work with maximum load only in part of the range of
motion. A properly constructed cam gives the opportunity to perform
effort with the maximum load in the entire range of motion, which
leads to higher values of mechanical work than using a round disc
plate. It is connected with the safety and effectiveness of training.
For the analysed flexion movement in the elbow joint, the maximum
values are reached in the middle of the motion range and are great-
er than the values for the extreme ranges (start and finish of the
elbow flexion) by about 30%. Thus, exercising the elbow flexors on
the device with a round disc plate is possible but less effective than
the device with a variable cam. The problem may occur in other
human joints, where the characteristics of the course of forces as
a function of the joint angle are different. Only an appropriate variable
cam selected for a specific muscle function guarantees an equal load
in the entire range of motion in the joint.

CON CLU S 1O/ S 5000000
In this study, the effectiveness of using the optimized training machine
was confirmed in the measurement of maximal torque under iso-
kinetic conditions, where changes were noted in the group perform-
ing hypertrophy training on a machine with a variable cam. The
measurements of CK activity indicate smaller amounts of damage to
muscle fibres in the efforts performed on the machine with a variable
cam, but only in the case of hypertrophy training. This was due to
adjustment of the shape of the variable cam to the strength capabilities
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throughout the entire range of motion of the elbow joint, which re-
sulted in an equal load on the muscles during the entire exercise and
provided a beneficial variant of muscle work. A greater overload of
working muscles was observed for training using the machine with
a disc plate and a constant resistance, where the elbow flexors were
forced to work with a non-adjusted load, which resulted in greater
damage to the structure of working muscles as shown by the accu-
mulation of CK.

It is worth remembering that in every human joint, the character-
istics of change in the values of muscle torques proceed differently.
The appropriate choice of a cam in training machines seems to be
an important element for conditioning the effectiveness of a training
process, and the shape of the cam should match the strength capa-
bilities of muscles throughout the entire range of motion in the joint.
In methods of elbow flexion training involving a greater number of
repetitions in a set, the use of an optimized variable cam has a pos-
itive effect on post-training outcomes. On the other hand, when the
aim of the training is to increase maximal strength through single
repetitions with maximal resistance, the method of transferring the
load on a machine for exercising elbow flexors does not have a sig-
nificant effect on the effectiveness of the training. But even if there
are no differences in post-training effects, the optimally constructed
cam has a positive influence on the safety and comfort of the exer-
cises. Based on the results and conclusions, it seems necessary to
continue research on optimising cam shapes for other muscle groups
and to conduct further experiments to assess the effectiveness of
their use in different training variants.
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