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Abstract
The aims of this study were to assess changes in muscle architecture, isometric and dynamic strength of the leg extensor
muscles, resulting from dynamic resistance training, and the relationships between strength and muscle architecture
variables. The participants (n¼ 30) were randomly assigned to one of two groups. The training group (n¼ 16; age 21.8+ 2.3
years, body mass 74.8+ 9.2 kg, height 1.75+ 0.08 m) performed dynamic resistance training for 13 weeks. The control
group (n¼ 14; age 19.9+ 1.5 years, body mass 74.0+ 8.5 kg, height 1.76+ 0.05 m) did not perform any resistance training.
Maximal dynamic and isometric strength were tested in both groups, before and after the training period. The members of
the training group used the free-weight squat lift (908) as their training exercise. The concentric phase of the squat was
performed explosively. Skeletal muscle architecture of the vastus lateralis was visualized using ultrasonography. At the end of
the study, significant increases in vastus lateralis muscle thickness (þ6.9%, P5 0.001), fascicle length (þ10.3%, P5 0.05),
one-repetition maximum (þ8.2%, P5 0.05), rate of force development (þ23.8%, P5 0.05) and average force produced in
the first 500 ms (þ11.7%, P5 0.05) were seen only in the training group. Adaptations to the muscle architecture in the
training group limited the loss of fibre force, and improved the capacity for developing higher velocities of contraction. The
architectural changes in the training group were similar to those seen in studies where high-speed training was performed. In
conclusion, dynamic resistance training with light loads leads to increases in muscle thickness and fascicle length, which
might be related to a more efficient transmission of fibre force to the tendon.

Keywords: Pennation, biomechanics, vastus lateralis, fascicle length, resistance training, isometric strength

Introduction

The response of skeletal muscle to resistance training

is commonly associated with an increase in muscle

mass, neural adaptations and increases in force-

generating capacity. A muscle’s architecture has

been reported to influence its contraction properties,

because fibre length and pennation angle are closely

associated with differences in muscle shortening

velocity (Wickiewicz, Roy, Powell, Perrine, &

Edgerton, 1984). Therefore, adaptations to different

resistance training programmes might be modulated

by the muscle architecture changes specific to each.

Several longitudinal studies have been conducted

on the influence of resistance training on muscle

architecture (Aagaard et al., 2001; Blazevich, 2000;

Blazevich, Gill, Brooks, & Newton, 2003; Blazevich &

Giorgi, 2001; Kanehisa et al., 2002; Kawakami, Abe,

Kuno, & Fukunaga, 1995; Rutherford & Jones,

1992). It has been demonstrated that specific regimes

of training or physical activity evoke changes in fibre

pennation angle. The most common changes result-

ing from heavy resistance training are increases in

muscle thickness, pennation angle and cross-sectional

area (CSA) (Aagaard et al., 2001; Blazevich & Giorgi,

2001; Kawakami et al., 1995; Narici, 1999). How-

ever, other studies have reported no changes or even

decreases in pennation angle after a period of

resistance training (Blazevich & Giorgi, 2001; Blaze-

vich et al., 2003; Rutherford & Jones, 1992). These

inconsistencies could have resulted from differences

in training load and velocity-specific adaptations

(Blazevich et al., 2003).

It is unclear how lighter training loads than

those used in previous studies could affect muscle

architecture, and few studies have correlated muscle

architecture with performance in sprint or strength

tests (Abe, Fukashiro, Harada, & Kawamoto, 2001;

Correspondence: L. M. Alegre, Facultad de Ciencias del Deporte, Universidad de Castilla-La Mancha, Campus tecnológico, Avda. Carlos III, s/n, 45071

Toledo, Spain. E-mail: luis.alegre@uclm.es

Journal of Sports Sciences, May 2006; 24(5): 501 – 508

ISSN 0264-0414 print/ISSN 1466-447X online � 2006 Taylor & Francis

DOI: 10.1080/02640410500189322

D
o
w
n
l
o
a
d
e
d
 
B
y
:
 
[
S
w
e
t
s
 
C
o
n
t
e
n
t
 
D
i
s
t
r
i
b
u
t
i
o
n
]
 
A
t
:
 
1
9
:
0
0
 
8
 
O
c
t
o
b
e
r
 
2
0
1
0



Abe, Kumagai, & Brechue, 2000; Brechue & Abe,

2002; Kumagai et al., 2000). Recently, it has been

reported that an isometric squat test can be used to

predic one-repetition maximum performance. None-

theless, the relationship between dynamic strength

changes and isometric strength is not strong, but

improves if the movement pattern is similar to the

training task (Blazevich, Gill, & Newton, 2002).

The aims of this study were to examine changes in

muscle architecture, isometric and dynamic strength

of the leg extensor muscles, resulting from dynamic

resistance training, and the relationships between

strength and muscle architecture variables in a group

of physical education students. It was hypothesized

that there would be specific changes in muscle

architecture after resistance training with light loads.

Methods

Thirty-six male physical education students volun-

teered to take part in the study. All of the participants

were physically active, but none were specifically

trained. The participants were randomly assigned to

one of two groups, a training group and a control

group. Six participants did not complete the study

for various personal reasons, two from the train-

ing group and four from the control group, leaving

16 individuals (age 21.8+ 2.3 years, body mass

74.8+ 9.2 kg, height 1.75+ 0.08 m, percent body

fat 9.5+ 2.45) in the training group and 14 indivi-

duals (age 19.9+ 1.5 years, body mass 74.0+
8.5 kg, height 1.76+ 0.05 m, percent body fat

9.7+ 3.0%) in the control group (see Table I).

The members of the training group performed 33

sessions of dynamic resistance training over 13

weeks. The members of the control group did not

perform any resistance training, but instead contin-

ued their normal activities for the duration of the

experiment.

The members of the training group performed a

10-repetition maximum half squat test and an

isometric test. Participants with no previous experi-

ence of resistance training could not express their

maximal dynamic strength in a one-repetition-

maximum (1-RM) test. One-repetition maximum

performance was estimated by averaging the values

obtained using the Brzycki and Epley equations

(Brzycki, 1993; Epley, 1985) (see equations 1 and 2):

1� RMBrzycki ¼ Loadð1:0278 � 0:0278 � repetitionsÞ
ð1Þ

1� RMEpley ¼ ðLoad � 0:033 � repetitionsÞ þ Load

ð2Þ

where load is in kilograms.

For the isometric test, the participants were

positioned in a squat rack with the knee at 908. On

command, they were instructed to exert a force as

hard and as fast as possible and hold it for 4 s. The

force produced during the squat was recorded by a

force platform (Dinascan 600M, IBV, Spain), on

which the participants were placed during each trial.

One-repetition maximum performance, peak iso-

metric force, maximal rate of force development and

the average force produced in the first 500 ms (F500)

were assessed in both groups, before and after the

training period.

Anthropometry

Each participant’s body composition was evaluated on

the following parameters (Carter, 1982): body mass,

height, fat-free mass (FFM) and percent body fat.

Skinfold measurements were taken from six sites

(triceps, subscapular, umbilicus, suprailium, thigh

and lower leg) using Holtain callipers (Holtain,

Croswell, Crymmych, UK). Fat-free mass was calcu-

lated by subtracting fat mass from total mass. Thigh

length was measured from the greater trochanter to

the lateral condyle of the femur. Thigh circumference

was measured directly below the gluteal fold, and

lower leg circumference was measured at the maximal

circumference of the calf muscle.

Table I. Mean physical characteristics of the participants before and after the training period (standard deviation in parentheses).

Pre-training Post-training

Variables T group (N¼16) C group (N¼14) T group (N¼16) C group (N¼14)

Body mass (Kg) 74.8 (9.2) 74.0 (8.5) 74.7 (8.8) 73.8 (8.6)

Height (cm) 175.1 (8.3) 176.1 (5.4) 175.0 (8.6) 176.3 (5.4)

FFM (kg) 67.6 (7.8) 66.6 (6.5) 67.5 (7.6) 66.7 (6.2)

% body fat 9.5 (2.4) 9.7 (3.0) 9.6 (2.5) 9.5 (2.5)

Thigh circumference (cm) 57.8 (3.8) 58.4 (3.2) 58.9 (3.5)b** 57.0 (3.0)ae***

Thigh length (cm) 44.7 (2.6) 44.6 (2.4) 44.5 (2.7) 44.6 (2.4)

aControl group pre-training vs. control group post-training, P5 0.05. bTraining group pre-training vs. training group post-training, P5
0.05; b**¼Training group pre-training vs. training group post-training, P50.01; e***¼ significant time6 group interaction, P50.01.

* shows the level of statistical significance of the differences: no *¼P50.05; **¼P5 0.01; ***¼P5 0.001, and this symbol is utilised in

the three tables, therefore ‘‘b**’’ means ‘‘training group pre-training vs. training group post training, P5 0.01.
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Skeletal muscle architecture

B-mode ultrasonography was used to record sagittal

images of the vastus lateralis while the participants lay

supine with the knee fully extended. All participants

remained relaxed during the ultrasound scanning.

Ultrasound images were recorded using a Toshiba

sonolayer Just Vision 400 real-time scanner (Toshiba,

Tokyo, Japan) with a 7.5 MHz linear array transducer.

Isolated muscle thickness and fascicle pennation

angle (midway between the greater trochanter and

lateral condyle of the femur) were measured in vivo

using the ultrasonograph.

The mediolateral width of the vastus lateralis was

determined over the skin surface and the position of

one-half of the width was used as the measurement site.

The pennation angle was defined as the angle between

the fascicle and deep aponeurosis (Figure 1). For the

determination of fascicle pennation angle, the position

of the transducer was manipulated while viewing the

ultrasound image in real time. The angles between

the echoes of the deep aponeurosis of the muscle and

the echoes from interspaces among the fascicles were

measured. The distance between the subcutaneous

adipose tissue – muscle interface and intermuscular

interface was defined as muscle thickness. Fascicle

length was estimated as the length of the hypotenuse of

a triangle with an angle equal to the pennation angle,

and the side opposite to this angle equal to the muscle

thickness, by the following equation:

Fascicle length

¼Muscle thickness/sin(pennation angle)

The model did not account for fascicle curvature.

The ultrasound images from the vastus lateralis

were recorded on videotape and subsequently ana-

lysed by the medical software Osiris v. 3.6 (University

Hospital of Geneva, Switzerland). The examiner took

five images from each recording and after accounting

for the architecture variables, he excluded those

which showed the longest and the shortest fascicle

length. Then, means of muscle thickness, pennation

angle and fascicle length were assessed from the three

images left and used for further analysis. The

coefficients of variation for repeated scanning (five

different days) of muscle thickness, pennation angle

and fascicle length measurements were 2.1, 5.2 and

5.5% respectively. With the same methodology, the

intraclass correlation coefficients ranged from 0.95

(P5 0.001; fascicle length) to 0.996 (P5 0.001;

muscle thickness and pennation angle).

Familiarization

Eight training sessions (training group) and five

training sessions (control group) were conducted

using light resistance before the testing to familiarize

the participants with the equipment, training proto-

col and correct exercise technique. In addition, this

familiarization period was designed to control

strength increases resulting from motor learning

and to avoid injuries.

Training

The members of the training group participated in

resistance training 3 days a week for 13 weeks. Each

session was supervised by a qualified trainer.

Adherence rate was monitored and participants

who did not attend a minimum of 90% of the

training sessions were excluded from the study. The

resistance training exercise was the half squat lift.

The participants performed three to four sets of 6 –

12 repetitions with a 3 min rest between sets. During

the first 2 weeks, the participants trained at an

intensity of 30% of 1-RM and were instructed to

complete three sets of 12 repetitions with a 3 min rest

between sets. Training intensity during weeks 3 to 13

was 50 – 60% of 1-RM. Training intensity was

progressively increased until week 9, and training

volume was reduced throughout the training period

by reducing the number of repetitions per set from

12 to 6 – 8. Each session began with a 5 min warm-up

on either a bicycle ergometer or a treadmill at a low

intensity, followed by static stretching of the agonist

and antagonist muscles. Then, the participants

performed two sets of 8 repetitions with a load equal

to 50% of the daily training load to complete the

warm-up. The concentric phase of each repetition

was performed explosively, but the participants were

not allowed to jump, because this might have

Figure 1. Sagittal ultrasound image of the vastus lateralis (VL).

Vastus lateralis pennation angle (a) was measured between the

deep aponeurosis (horizontal white line) and the fascicles

(diagonal white lines). Muscle thickness was obtained by measur-

ing the distance between the superficial and deep aponeuroses.
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produced forced stretching in the fascicles of the

vastus lateralis. The eccentric phase lasted approxi-

mately 1 s. Progression was evaluated by testing

maximal dynamic strength half way through the

training period.

Statistical analysis

The results are expressed as means+ standard

deviation. A 26 2 factorial analysis of variance

(ANOVA) was used to test for differences in time

(pre – post) and group (training and control) for all

the measured variables. The Scheffé procedure was

used for post hoc analysis where necessary. Relation-

ships between selected variables were examined

using Pearson product – moment correlations. Sta-

tistical significance was set at P5 0.05.

Results

After training, statistically significant increases in

1-RM, rate of force development and the average

force produced in the first 500 ms were observed

only in the training group. The increases in absolute

and relative peak isometric force in the training

group were not significant. Nonetheless, these

variables decreased in the control group (Table II).

After training, absolute and relative fascicle length

increased in the training group by 10.3% and 10.5%

(P5 0.05) respectively, and thickness of the vastus

lateralis increased by 6.9% (P5 0.001) (Table III).

There were no significant changes in muscle

architecture for the control group in the second test.

There was a significant time6group interaction

for thigh circumference, which increased in the

training group but decreased in the control group

(F1,28¼ 18.81; P5 0.001). There were also sig-

nificant interactions for 1-RM performance

(F1,28¼ 9.90; P5 0.01) and rate of force develop-

ment (F1,28¼ 5.61; P5 0.05), which increased in the

training group and decreased in the control group

(Table II). Finally, the ANOVA also showed a

significant time6group interaction for thickness

of the vastus lateralis (F1,28¼ 12.87; P5 0.01). After

the resistance training, muscle thickness increased in

the training group but was unchanged in the control

group. There was a slight positive correlation

between 1-RM and thickness of the vastus lateralis

Table II. Mean pre- and post-training strength variables in the two groups (standard deviation in parentheses).

Pre-training Post-training

Variables T group (N¼16) C group (N¼14) T group (N¼ 16) C group (N¼ 14)

1 RM squat (kg) 158 (32) 152 (21) 171 (29)ab** 147 (21)e**

Peak isometric force (N) 1593 (359) 1450 (233) 1669 (297)a 1419 (207)

Peak isometric force/

Body weight (BW)

2.20 (0.57) 2.01 (0.28) 2.30 (0.47)a 1.96 (0.24)

Maximal rate of force

development (N/s)

7608 (2638) 8822 (4032) 9416 (2711)b** 8116 (2374)e

Force produced in the

first 500 ms (N)

1197 (362) 1141 (224) 1337 (285)b 1155 (210)

aTraining group vs. control group post-training, P5 0.05. bTraining group pre-training vs. training group post-training, P5 0.05. cTraining

group pre-training vs. training group post-training, P5 0.01. dSignificant time6 group interaction, P5 0.05. eSignificant time6 group

interaction, P50.01.

We have utilised ‘‘e’’ in the three tables to show significant interactions, so ‘‘c’’ and ‘‘d’’ are not used in table 2. The correct explanation of

the symbols in the Table 2 is as follows: a¼Training group vs. conrol group post-training, P50.05; b¼Training group pre-training vs.

training group post-training, P5 0.05; b**¼P5 0.01; e¼Significant time6 group interaction, P50.05, e**¼P50.01.

Table III. Mean pre- and post-training muscle architecture variables in the two groups (standard deviation in parentheses).

Pre-training Post-training

Variables T group (N¼16) C group (N¼ 14) T group (N¼16) C group (N¼14)

VL muscle thickness (cm) 2.30 (0.42) 2.23 (0.32) 2.46 (0.36)a*** 2.21 (0.35)e**

VL pennation angle (8) 16.2 (3.2) 15.9 (1.9) 15.8 (2.8) 15.3 (2.4)

VL fascicle length (cm) 8.38 (1.43) 8.22 (1.17) 9.24 (1.53)a 8.47 (1.14)

VL fascicle length/limb length 0.19 (0.04) 0.18 (0.03) 0.21 (0.03)a 0.19 (0.02)

aTraining group pre-training vs. training group post-training, P50.05. bTraining group pre-training vs. training group post-training,

P5 0.001. cSignificant time6 group interaction, P5 0.01. VL¼ vastus lateralis.

‘‘b’’ is not utilised in table 3, only ‘‘a’’, ‘‘a***’’ and ‘‘e**’’. The correct explanation of the symbols in the Table 3 is as follows: a¼Training

group pre-training vs. training group post-training, P5 0.05; a***¼P5 0.001; e**¼Significant time6 group interaction, P50.01.
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in the training group (pre-training: r¼ 0.52; post-

training: r¼ 0.54; P5 0.05). After training, signi-

ficant positive correlations were observed in the

training group between vastus lateralis pennation

angle and peak isometric force (r¼ 0.57, P5 0.05),

relative peak isometric force (r¼ 0.56, P5 0.05),

rate of force development (r¼ 0.55, P5 0.05) and

the average force produced in the first 500 ms

(r¼ 0.80, P5 0.001).

Discussion

The participants in the training group were able to

increase their 1-RM after 13 weeks of training, even

with the relative light training load. These strength

gains were accompanied by considerable and sig-

nificant increases in the rate of force development

and the average force produced in the first 500 ms, so

that the training group also increased its explosive

isometric strength. The changes in the rate of force

development and the average force produced in the

first 500 ms in the training group were similar in

magnitude to those observed in the study of Young

and Bilby (1993) (Table IV). The resistance training

intervention in the experiment also led to some

increases in relative and absolute isometric strength,

but these changes were not significant. In general,

the magnitude of the strength gains observed in the

current study was below the range reported for heavy

resistance training (Table IV). The explanation for

these discrepancies could be related to the relatively

modest total training load performed by the partici-

pants in this study. For example, the participants in

the study of Häkkinen et al. (2003) performed only

20% of their training volume with similar intensities

to that in our study. The rates of force development

were similar to those in the studies of Häkkinen,

Izquierdo, Aguado, Newton and Kraemer (1996)

and Izquierdo et al. (1998, 1999) involving physical

education students. In these studies, the protocols

were identical to ours.

The fascicle lengths, pennation angles and muscle

thicknesses of our participants were within the ranges

reported in the literature for similar populations (Abe

et al., 2000; Alegre, Aznar, Delgado, Jiménez, &

Aguado, 2003; Kearns, Abe, & Brechue, 2000;

Kumagai et al., 2000), especially when limb lengths

are taken into account. Previous studies have

reported that limb dimensions and muscle architec-

ture variables are related (Aagaard et al., 2001;

Kanehisa, Muraoka, Kawakami, & Fukunaga, 2003),

so taller individuals tend to have longer fascicles and

smaller pennation angles. In fact, after training, there

was a negative correlation between height and vastus

lateralis pennation angle.

The results of the present study show an increase

in thickness of the vastus lateralis, and a slight

decrease in pennation angle, in response to explosive

resistance training. This leads to an increase in

fascicle length, which would limit the loss of fibre

force, and a better capacity for developing higher

velocities of contraction (Kumagai et al., 2000). The

significant time6 group interaction for thickness of

the vastus lateralis would indicate that the changes

were dependent on the resistance training performed

by the members of the training group.

Changes in thickness of the vastus lateralis for the

training group were less than those described by

Kawakami et al. (1995), Blazevich and Giorgi (2001)

and Aagaard et al. (2001), who reported increases of

27%, 29.5% and 10.2% (quadriceps cross-sectional

area) respectively. Nonetheless, our increases were

greater than those described by Rutherford and Jones

(1992), who reported an increase of 4.7% in vastus

lateralis cross-sectional area after 12 weeks of strength

training. Typical resistance training adaptations are

Table IV. Post-training changes in the knee extensor muscles in the present study and previous research.

Study N Population

Training

period

(weeks) Intensity

1 RM

(percent

increase)

Relative

Isometric

force

(percent

increase)

Absolute

Isometric

force

(percent

increase)

RFD

(percent

increase)

Present study 16 male physical

education

students

13 30 – 60% of

1 RM

8.2 4.5 4.8 23.8

Young and

Bilby (1993)

18 male college

students

7.5 8 – 12 RM 21.0 – 22.5 10.7 – 22.7 12.6 – 24.6 23.5 – 68.7

Baker et al.

(1994)

33 male weight

trainers

12 6 RM 24.3 – 25.3 – – –

Aagaard et al.

(2001)

11 healthy men 14 3 – 12 RM – – 16 –

Häkkinen et al.

(2003)

32 healthy men 21 50 – 80% of

1 RM

21 – 22 18 – 22 21 – 22 ?

Note: RFD¼ rate of force development.
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greater muscle thickness and pennation angles

(Aagaard et al., 2001; Kanehisa et al., 2002;

Kawakami et al., 1995). However, training in the

current study consisted of high-velocity contractions

with light loads (560% of 1-RM), so the changes in

muscle architecture could be similar to those in

studies where high-speed training was performed

(Blazevich et al., 2003), with increases in muscle

thickness (6.9%, P5 0.001) and fascicle length

(10.3%, P5 0.05) being observed in the training

group.

The changes in fascicle length in the training

group were less marked than those in the study by

Blazevich et al. (2003), who reported an increase of

24.9% in a group who performed sprint-jump

training for 5 weeks. These differences may be

attributed to the type of training performed by our

experimental group, because jump squats were not

allowed, to avoid the effect of forced stretching on

fascicle lengthening. The concentric phase of train-

ing exercise was performed explosively, whereas the

eccentric phase lasted 1 s. This suggests that ex-

plosive concentric contractions without forced

stretching could lead to similar changes in muscle

architecture as typical sprint-jump training, but of

smaller magnitude. The factors responsible for

fascicle lengthening in the training group might be

specific adaptations of muscle architecture in re-

sponse to explosive resistance training with light

loads and/or the mechanical stimulus over the vastus

lateralis during the eccentric phase of the training

protocol. Fascicle lengthening in humans as a result

of a mechanical stimulus is only speculative, but it

has been observed in animal muscles (Lynn, Talbot,

& Morgan, 1998). None of our participants had a

background of regular strength training, so it is

possible that the stimulus provided by the training

exercise, with a significant increase in the working

range of motion, would have changed the length –

force curve of the vastus lateralis. Although in the

present study sarcomere length was not measured, a

theoretical implication of our findings is that

sarcomeres from longer fascicles would work at their

optimal length (Figure 2), whereas in a muscle with

shorter fascicles the sarcomeres would work on the

descending limb of their length – tension curve. The

muscle architecture of the training group adapted to

produce higher velocity contractions, with significant

increases in muscle thickness and fascicle length.

The combination of greater muscle thickness and

longer fascicles of the vastus lateralis after training

would lead to greater force output at an identical

shortening velocity (Kumagai et al., 2000). The

decrease in pennation angle would also improve

force transmission through the fibres.

There were no significant correlations between

muscle thickness and pennation angle, as in the study

of Kearns et al. (2000). However, significant correla-

tions between muscle size and fibre angulation have

been reported previously (Aagaard et al., 2001;

Kawakami, Abe, & Fukunaga, 1993; Kawakami

et al., 1995). The relationship between these variables

seems to change depending on the muscles and popu-

lations analysed. The strongest relationships have

been found in the triceps brachii muscle, and in large

and heterogeneous sample sizes (Ichinose, Kanehisa,

Ito, Kawakami, & Fukunaga, 1998; Kawakami et al.,

1993, 2000). It remains unclear whether the two

variables are related or not, and it might be different

depending on the individual behaviour of each

muscle. In the training group, there was a slightly

positive correlation between muscle thickness and

fascicle length (r¼ 0.50, P5 0.05). This relationship

has been reported previously, but is usually associated

with extreme muscle sizes (Brechue & Abe, 2002;

Kearns et al., 2000).

The training stimulus could have affected the

relationships between pennation angle and the

strength variables, possibly because in the training

group the force transmission from the fascicles to the

tendon of the knee extensor muscles was more

efficient after training. After training, significant

positive correlations were observed in the training

group between vastus lateralis pennation angle and

peak isometric force, relative peak isometric force,

rate of force development and the average force

produced in the first 500 ms. Pennation angle has

been associated previously with muscle size (Aagaard

et al., 2001; Ichinose et al., 1998; Kawakami et al.,

1993, 1995). Before training in our study, there was

a non-significant correlation between muscle thick-

ness and vastus lateralis pennation angle (r¼ 0.48),

which became statistically significant after the train-

ing period (r¼ 0.50, P5 0.05).

Figure 2. Schematic representation of two muscles with different

fibre lengths. In the muscle with longer fibres the sarcomeres will

be at their optimal length, whereas in the muscle with shorter

fibres, with the same pre-stretching, the sarcomeres will be on the

descending limb of the length – tension curve. S¼ sarcomere.
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Muscle size is closely associated with maximal

voluntary strength, although there is a neural

component in the expression of strength. This might

be one of the reasons for the lack of correlations

between muscle thickness and strength in our

training group. However, post-training increases in

the correlations between pennation angle and the

strength variables might be related to an improve-

ment in the utilization of muscle mass.

In conclusion, dynamic resistance training with

light loads increases muscle thickness and fascicle

length, which might be related to a more efficient

transmission of fibre force to the tendon.

Acknowledgements

The authors wish to thank Anthony Blazevich for

his comments on the results, and Sonosite Ibérica
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