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Abstract—Vastus lateralis (VL) and vastus medialis (VM) are frequently targeted in conditioning/rehabilitation programs
due to their role in patellar stabilization during knee extension. This study assessed neural and muscular adaptations in
these two muscles after an isokinetic eccentric training program. Twenty healthy men underwent a four-week control
period followed by a 12-week period of isokinetic eccentric training. Ultrasound evaluations of VL and VM muscle thi-
ckness at rest and electromyographic evaluations during maximal isometric tests were used to assess the morphological
and neural properties, respectively. No morphological and neural changes were found throughout the control period,
whereas both muscles showed significant increases in thickness (VL = 6.9%; p <.001 and VM = 15.8%; p <.001) post-
training. Significant increases in muscle activity were observed in VM (47.8%; p = .003), but not in VL (19.8%; p >
.05) post-training. Isokinetic eccentric training produces neural and greater morphological adaptations in VM compared
to VL, which shows that synergistic muscles respond differently to an eccentric isokinetic strength training program.
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Resumo—**Adaptag¢des neurais e morfologicas dos musculos vasto lateral e vasto medial para treinamento isocinético excén-
trico.” Vasto lateral (VL) e vasto medial (VM) sdo comumente visados em programas de condicionamento/reabilitagdo devido
ao seu papel na estabilizagdo patelar durante a extensdo do joelho. Este estudo avaliou as adaptacdes neurais e musculares
nesses dois musculos ap6s um programa de treinamento excéntrico em dinamometro isocinético. Vinte homens saudaveis
foram submetidos a um periodo controle de quatro semanas seguido de um periodo de 12 semanas de treinamento excéntrico
isocinético. Avaliagdes de ultrassom da espessura muscular do VL e VM em repouso e avaliagdes eletromiograficas durante
testes isométricos maximos foram utilizadas para acessar as propriedades morfologicas e neurais, respectivamente. Nao foram
encontradas diferencas significativas no periodo controle para adaptagdes morfoldgicas e neurais, enquanto ambos os musculos
mostraram incrementos significativos (VL = 6,9%; p < 0,001 e VM = 15,8%; p < 0,001) no pos-treino. Incrementos significa-
tivos na atividade muscular foram observados no VM (47,8%; p = 0,003), mas ndo no VL (19,8%; p > 0,05) no pés-treino. O
treinamento excéntrico isocinético produziu adaptagdes neurais e maiores adaptagdes morfoldgicas no VM comparado ao VL, o
que mostra que musculos sinergistas respondem de foram distinta a um programa de treinamento de forca isocinético excéntrico.

Palavras-chave: extensores do joelho, dinamometria isocinética, ultrassonografia, eletromiografia

Resumen—*Adaptaciones neurales y morfologicas de los musculos vasto externo y vasto medial a entrenamiento isocinético
exceéntrico.” Vasto lateral (VL) y vasto medial (VM) son sefialados en los programas de acondicionamiento/rehabilitacion de-
bido a su papel en la estabilizacion de la rotula durante la extension de la rodilla. Este estudio evalud adaptaciones neurales y
musculares en estos dos musculos después de un programa de entrenamiento excéntrico isocinético. Veinte hombres saludables
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fueron sometidos a un periodo de control de cuatro semanas, seguido de un periodo de 12 semanas de entrenamiento excéntrico
isocinético. Se han usado las evaluaciones de ultrasonido de la espesor del musculo VL y VM en reposo y las evaluaciones elec-
tromiograficas durante las pruebas isométricas maximas para evaluar las propiedades morfologicas y neurales, respectivamente.
No se observaron diferencias morfologicos y neurales significativas a lo del periodo de control, mientras que los dos mtisculos
mostraron incrementos significativos en la espesor del musculo (VL = 6,9%, p < 0,001 y VM = 15,8%, p <0,001) después de
lo entrenamiento. Aumentos significativos en la actividad muscular se observaron en VM (47,8%, p = 0,003), pero no en VL
(19,8 %, p> 0,05) después de lo entrenamiento. Entrenamiento excéntrico isocinético produce adaptaciones neurales y mayores
adaptaciones morfologicas en VM en comparacion con VL, lo que demuestra que los musculos sinérgicos responden de manera
diferente a un programa de entrenamiento de fuerza isocinético excéntrico.

Palabras clave: extensores de la rodilla, dinamometria isocinética, ecografia, electromiografia

Introduction

The knee extensor muscle group [i.e., rectus femoris (RF), vas-
tus lateralis (VL), vastus medialis (VM) and vastus intermedius
(VD] is primarily responsible for the dynamic stabilization of
the patellofemoral joint (Serrdo, Cabral, Bérzin, Candolo, &
Monteiro-Pedro, 2012). The strength unbalance between VM
and VL is a key mechanism for knee dysfunctions, such as pa-
tellofemoral pain syndrome (LaBella, 2004; Wong, Chan, Tang,
& Ng, 2009; Wong & Ng, 2010). Patellofemoral instability is
often associated with VM weakness and patellar lateralization
(Neptune, Wright & Van Den Bogert, 2000; Powers, Landel &
Perry, 1996; Sheehy, Burdett, VanSwearing & Irrgang, 1998).
Previous studies, interested in conditioning/rehabilitation pro-
grams for the (re)balance between VM and VL, have evaluated
knee extension exercises that were assumed to promote a predo-
minant action of the VM muscle (Cerny, 1995; Kushion ef al.,
2012; Matheson, Kernozek, Fater, & Davies, 2001; Mirzabeigi,
Jordan, Gronley, Rockowitz, & Perry 1999; Peng & Kernozek
Song, 2013). However, most of them have failed to show a di-
fferent behavior between these two synergistic muscles during
specific exercises and, to date, there is no consensus regarding a
gold standard method to emphasize VM or VL muscle activity.
Despite this lack of consensus, patients with patellofemoral
pain syndrome have engaged in resistance training rehabilitation
programs for knee extensors strengthening (American College
of Sports Medicine, 2009). Although the conventional resistance
training involves exercises with both concentric and eccentric
muscle actions, eccentric training has become popular in recent
decades for conditioning and rehabilitation purposes (Barstow,
Bishop, & Kaminski, 2003; Lorenz & Reiman, 2011; Vikne et
al., 2006; Visnes & Bahr, 2007), and the effects of eccentric
training programs on knee extensor muscles have been reported
for healthy adults (Rocha et al., 2011), elderly (Reeves, Maga-
naris, Longo, & Narici, 2009), patients with patellar tendino-
pathy (Jonsson & Alfredson, 2005), anterior cruciate ligament
reconstruction (Gerber et al., 2009) and patellofemoral pain
syndrome (Eapen, Nayak, & Pazhyaottyil Zulfeequer, 2011).
Although eccentric training leads to significant muscle stren-
gth gains (Roig ez al., 2009), a direct measure of the strength gain
from each portion of the knee extensor muscle group cannot be
obtained. We have recently demonstrated (Baroni ef al., 2013a)
that the time course of neuromuscular adaptations to isokinetic
eccentric training is similar to that previously reported for con-
ventional resistance training programs (Folland & Williams, 2007,
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Guilhem, Cornu, & Guével, 2010; Guilhem, Cornu, Maffiuletti,
& Guével, 2013; Moritani & deVries, 1979; Narici et al., 1996;
Narici, Roi, Landoni, Minetti, & Cerretelli, 1989; Wernbom, Au-
gustsson, & Thomee, 2007). More specifically, strength gains are
predominantly associated with neural adaptations (i.e., increased
muscle activity) in the first weeks of a training program, while
morphological adaptations (i.e., increased muscle mass) affects
strength capacity in a later stage of training. However, it is not
clear how these two different adaptations affect synergistic mus-
cles or if the amount of neural and morphological adaptations is
similar between VL and VM during eccentric isokinetic training.
Thus, verifying the neural and morphological changes of each
knee extensor muscle in response to an isokinetic eccentric trai-
ning program may help us to better understand neuromuscular
plasticity in these synergistic muscles, since non-uniform adap-
tations are reported on literature, especially to eccentric exercise,
which could lead to non-uniform activation, alternative muscle
synergies and strength imbalances (Hedayatpour & Falla, 2012).

Most studies on knee extensor eccentric training accessed only
the VL muscle and extrapolated its responses to the whole knee
extensor muscle group in terms of neural (Hortobagyi ez al., 1996a)
and morphological adaptations (Raj, Bird, Westfold, & Shield, 2012;
Reeves et al., 2009). However, many researchers and clinicians are
interested on the specific responses of each patellar dynamic stabi-
lizer throughout an eccentric training program, which was assessed
for a few clinical trials that provided inconsistent results (Baroni et
al., 2013b; Blazevich, Cannavan, Coleman, & Horne, 2007; Bla-
zevich, Horne, Cannavan, Coleman & Aagaard, 2008; Hortobagyi
et al., 1996Db). In this context, the aim of this study was to evaluate
the neural and morphological responses of the VL and VM muscles
after 12 weeks of knee extensor isokinetic eccentric training.

Methods

Study's design

This longitudinal clinical trial was designed to assess the
neural and morphological adaptations of VL and VM muscles in
response to a knee extensor isokinetic eccentric training program.
The study was approved by the institutional ethics in research
committee of the Federal University of Rio Grande do Sul, Porto
Alegre, Brazil (protocol 20485).

Volunteers were evaluated three times over a period of six-
teen weeks (Figure 1) to assess the VL and VM morphology by
ultrasonographic images at rest. Surface electromyographical
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Figure 1. Experimental design of the study: a control period during four weeks; a 12-week isokinetic eccentric training period; and three evaluation

sessions (indicated by the arrows) throughout the study.

activity was recorded from VL and VM during maximal isome-
tric voluntary contraction through an electromyography (EMG)
apparatus. After the first evaluation (Baseline), volunteers were
subjected to a non-training period, in which they were instructed
to not perform any systematic exercise during four weeks. After
the control period, they were submitted to a second evaluation
(pre-training). This experimental design discarded the necessity
of'a non-trained control group, since all volunteers underwent the
same control period immediately before the isokinetic eccentric
training program. After the second evaluation, volunteers initiated
a 12-week isokinetic eccentric training program performed on an
isokinetic dynamometer. The last evaluation was performed after
the 12" week of training (post-Training).

Volunteers

Male students, aged 20 to 35 years, were invited to participate
in the study. All were physically active healthy subjects uninvol-
ved in any kind of systematized lower-limb resistance training
program for at least six months prior to the experiment. Volunteers
were informed about all the study procedures and were selected to
participate considering the following exclusion criteria: history of
lower-limb musculoskeletal disorders that could limit volunteers’
performance during training and tests; respiratory or cardiovascu-
lar diseases; use of nutritional supplements or anabolic steroids.

Muscle thickness assessment

A B-mode ultrasound system (Aloka SSD-4000, Aloka Inc.,
Japan), with a linear-array probe (60 mm, 7.5 MHz) of the same
manufacturer, was used to determine the VL and VM muscle
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thickness. Maps of the thigh morphology were made using
malleable plastic sheets in which anatomical reference points
(i.e., border of patella), skin marks (i.e., scars and freckles) and
the ultrasonography scanning sites were marked to ensure that
repetitive evaluation scans were taken from the same anatomical
site. All the ultrasonography data collection and data analysis
procedures were made based on previous studies from our group
(Baroni ef al., 2013a; Baroni et al., 2013b).

Volunteers were evaluated by the same investigator with large
experience in ultrasonographic measurements, and were instructed
to not execute any vigorous physical activity 48 hours before the
evaluations. On a supine position, with the knee fully extended,
muscles relaxed and after 10 minutes of rest, scans were taken in
the midway between the greater trochanter and the lateral femur
condyle for VL; and at a point 25-30% (according participant’s
characteristics) on the line from the anterior superior iliac spine to
the medial femur condyle for VM (Baroni et al., 2013a; Baroni et
al., 2013b; Blazevich et al., 2007). The ultrasonography probe was
covered with a water-soluble transmission gel and oriented parallel to
the muscle fascicles and perpendicular to the skin over VL and VM.

Three ultrasonographic images were taken in each site and mus-
cle thickness from VL and VM was analyzed by the same investigator
through the Image-J software (National Institute of Health, Bethesda,
Maryland, USA). The distance between the deep and the superficial
aponeuroses of the target muscle was measured at five different points
in each ultrasound image, and a mean value was used as the mean
thickness of that ultrasound image. Mean values were obtained from
three ultrasound images and taken as the muscle thickness for each
target muscle. When dispersion between the three values was higher
than 10%, the more discrepant value was excluded and only the two
closest ones were considered for analysis. Images of the VL and VM
muscles from a representative participant are presented in Figure 2.
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Figure 2. Ultrasonography images of vastus lateralis (A) and vastus medialis (B) from a representative participant. The vertical dashed lines
represent the five measures of the target muscle thickness in each image. VM = vastus medialis; VL = vastus medialis; VI = vastus intermedius.
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Muscle activity assessment

An eight-channel EMG system (AMT-8, Bortec Biome-
dical Ltd., Canada) connected to a Windaq data acquisition
system (Dataq Instruments Inc., USA) was synchronized with
the dynamometer and used to evaluate the electrical activity of
the VL and VM muscles during maximal isometric voluntary
contractions (MIVC). Three MVIC were performed at 60° of
knee flexion (0° knee fully extended) and each one lasted 5 s.
Volunteers were sat and fixed with straps on the dynamometer
chair in order to avoid body movements and compensations
that could change the torque being produced during knee ex-
tension and were verbally encourage to ensure maximal force
production (McNair, Depledge, Brettkelly, & Stanley, 1996).
EMG electrodes were placed longitudinally with respect to
the underlying muscle fiber arrangement and located accor-
ding to the Surface Electromyography for the Non-Invasive
Assessment of Muscles (SENIAM, 2013). Passive electrodes
(Meditrace 100, Kendall, USA) with 15mm radius and 20 mm
of centre-to-centre distance were attached to the skin in bipo-
lar configuration on the VL (2/3 on the line from the anterior
superior iliac spine to the superior part of the patella) and VM
(80% on the line from the anterior superior iliac spine to the
joint space in front of the anterior border of the medial colla-
teral ligament). As in ultrasonography procedures, maps were
made using malleable plastic sheets and the same reference
points were used to ensure the same electrodes positioning in
all electromyographic evaluations.

Raw EMG signals were digitized with a sampling fre-
quency of 2000 Hz with a 16 bits analogue-to-digital board
(DI-720, Dataq Instruments Inc., USA) and stored for further
analysis. Data were exported to SAD32 software and, after
gain compensation and off-set correction, a band-pass digital
filter (5" order Butterworth with cut-off frequencies of 20-500
Hz) was applied to the EMG signals. One-second segments
of the EMG signals from each muscle were selected from a
steady-state region (when torque was maximal and constant)
of the force signal of the MIVCs to calculate the root mean
square (RMS) values.

Isokinetic eccentric training

The eccentric training program was performed on the same
isokinetic dynamometer used for evaluations. In order to respect
the progression principle, training volume (number of sets x
number of repetitions per set in each session) was increased in
each mesocycle (Figure 1). Training sessions were performed
twice a week, with a minimum interval of 72 h between ses-
sions. Participants performed only one training session in the
first training week to allow for progressive introduction to the
training regimen, as well as in the 5" and 9" training weeks, due
to the increments in training volume during these weeks. Each
training session was comprised of a 5-min warm-up exercise
on a cycle-ergometer followed by a 3-5 sets of 10 repetitions
with a 1-min rest period between sets.

Volunteers, as in MVIC tests, were sat and fixed on the
dynamometer chair in order to avoid compensations. Each
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eccentric contraction began with a passive extension of the
volunteer’s limb up to 30° of knee flexion (0° = knee fully
extended). As soon as the dynamometer arm reached this
position, volunteers were verbally encouraged to promote
their maximum knee extension contraction. In response, the
dynamometer generated a flexion torque, driving the segment
to 90° of knee flexion (range of motion = 60°) at an angular
velocity of 60°.s7!. As a result, the eccentric contraction phase
and the passive knee extension phase lasted one second each
one (Baroni et al., 2010).

This study was conducted with 20 volunteers, 15 left
and 5 right legs (or 16 non-dominant and 4 dominant legs).
Eighteen volunteers completed the 21 training sessions and 2
participants missed one session each due to personal reasons
(adherence: 99.5 %).

Statistical analysis

An intraclass correlation coefficient (ICC) was applied
to verify the test-retest reliability between baseline and pre-
training evaluations for all measurements, and we adopt the
classification suggested by Sole, Hamrén, Milosavljevic,
Nicholson, and Sullivan (2007), in which correlations of .50
to .69 are “moderate,” .70 to .90 are “high,” and higher than
.90 are very high.” Absolute values of muscle thickness and
muscle activity from each muscle (VM and VL) throughout the
three time points (baseline, pre-training and post-training) were
compared through a repeated measures ANOVA. Mauchly’s test
was performed and the Greenhouse-Geisser correction factor
was applied when the assumption of sphericity was violated.
When the time effect was pointed out, a Bonferroni post-hoc
test was used to identify the differences between the time points
within each muscle. All statistical analyses were performed with
an alpha level of p <.05. Results are presented in the text and
tables as mean =+ standard deviation.

Results

Twenty volunteers completed the full study schedule.
The sample presented a mean of 24.0 + 3.7 years, 175.0 +
6.0 cm and 73.9 + 6.9 kg. The participants’ weight was mo-
nitored throughout the full experiment and did not change
significantly.

Data obtained in baseline and pre-training evaluations pre-
sented high to very high ICC scores for test-retest reliability
for muscle thickness (VL =.91; VM = .86) and muscle activity
(VL = .86; VM = .79) procedures. Furthermore, there was no
significant difference (p > .05) in any variable between these 2
time-points (Tables 1 and 2).

When comparing pre-training to post-training values, signifi-
cant increases were observed in muscle thickness for VL (6.9%,
p <.001; 0.548; 95% CI = 2.540 - 2.771) and VM (15.8%, p
<.001; 0.570; 95% CI = 1.845 - 2.111) (Table 1). There was a
significant increase in VM muscle activity (47.8%, p = .003;
0.457;95% CI=0.189 - 0.280), but not in VL (19.8%, p > .05;
0.144; 95% CI1=10.174 - 0.263) (Table 2).
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Table 1. Muscle thickness values [in cm; mean * standard deviation
(coefficient of variation)] from vastus lateralis (VL) and vastus me-
dialis (VM) during the control period and after the 12-week isokinetic
eccentric training period.

Baseline Pre-training Post-training A%
VL 2.61+£0.24 2.5840.23 2.76£0.29 6.92
(0.092) (0.090) (0.105) *
VM 1.87£0.32 1.88£0.28 2.17+0.32 15.84
(0.172) (0.153) (0.147) *

* Significant different between pre- and pos-training; A% = percent change
g i p p g, p g
pre- to post-training.

Table 2. Muscle activity values [in mV; mean * standard deviation
(coefficient of variation)] from vastus lateralis (VL) and vastus me-
dialis (VM) during the control period and after the 12-week isokinetic
eccentric training period.

Baseline Pre-training Post-training A%
VL 0.20£0.11 0.20£0.09 0.24£0.10 19.82
(0.550) (0.450) (0.411)
VM 0.194+0.09 0.20+0.10 0.30+0.13 47.75
(0.468) (0.529) (0.432) *

* Significant different between pre- and pos-training; A% = percent change
pre- to post-training.

Discussion

Our main findings indicated that a knee extensor eccentric
training program performed in isokinetic conditions was able to
promote significant increases on VL and VM muscles thickness,
with more pronounced changes in VM, while improvements on
neural activity capacity were found only for VM.

The experimental design used in this study eliminated the
need for a non-trained control group, since all volunteers un-
derwent the same four-week control period immediately before
the isokinetic eccentric training program. The high ICC scores
and the absence of significant differences between baseline and
pre-training evaluations confirmed the test-retest reliability of
the methodological procedures for muscle thickness and muscle
activity, strengthening the results observed after the training
period.

Eccentric contraction presents smaller motor unit activation
when compared with isometric or concentric contractions (Bar-
roso, Tricoli, & Ugrinowitsch, 2005; Enoka, 1996), but higher
force production. This enhanced tension is mainly attributed to
the passive force produced by the elastic components during ec-
centric muscle actions (Bojsen-Mgller, Magnusson, Rasmussen,
Kjaer, & Aagaard, 2005), leading to a high tension developed by
each muscle fiber (or specific tension). This specific behavior,
in association with the sarcomere length non-uniformity during
this type of muscle action (Morgan & Proske, 2004), causes the
phenomenon known as “exercise-induced muscle damage”,
characterized by ruptures in the microscopic structures of muscle
tissue (Clarkson & Hubal, 2002; Howatson & Someren, 2008).

Morphological adaptation, such as muscle fibers” hypertrophy,
is a key response of the eccentric training programs. The syste-
matic review with meta-analysis developed by Roig ef al. (2009)
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confirmed the superiority of eccentric compared to concentric
training in relation to muscle mass gain. In addition, although
clinical trials comparing eccentric and conventional resistance
training observed no hypertrophic differences after a 14- 16-week
training program (Raj et al., 2012; Reeves et al., 2009), morpho-
logical responses to eccentric training seems to occur earlier than
conventional resistance training responses (Norrbrand, Fluckey,
Pozzo, & Tesch, 2008). These observations have been commonly
associated with the higher levels of exercise-induced muscle
damage induced by eccentric exercises, since muscle damage
is an activation mechanism for the repair process that leads to
the addition of sarcomeres aligned in-parallel, characteristic of
muscle hypertrophy (Schoenfeld, 2010).

In relation to neural adaptations, most studies suggest that
motor unit activation increases in eccentric actions but not in
concentric actions after eccentric training programs (Higbie,
Cureton, Warren, & Prior, 1996; Hortobagyi et al., 1996a; Hor-
tobagyi et al., 1996b). Additionally, although neural changes in
isometric actions have shown inconsistent results with eccentric
training programs (Blazevich et al., 2008; Hortobagyi et al.,
1996b), a recent study from our group (Baroni ef al., 2013a)
demonstrated that isokinetic eccentric training is able to incre-
ase knee extensor muscle activity in maximal isometric tests,
but in smaller magnitude than observed in maximal eccentric
tests. Therefore, although the main observed changes appear to
be related to a reduction in muscle inhibition during eccentric
contractions due to the training specificity principle, changes in
isometric muscle activity are also part of the neural adaptation
to isokinetic eccentric training.

In this study, we accessed the hypertrophic response through
the muscles’ thickness. Both VL and VM showed significant
increases in muscle thickness due to the isokinetic eccentric trai-
ning program. However, the mean relative increase (percentage
values) observed for each knee extensor muscle suggest that the
intervention had a more pronounced effected in VM compared to
VL (15.8% vs. 6.9%). This larger VM response is in agreement
with results reported by Blazevich et al. (2007), who observed
increases of 18% and 11% in anatomical cross-sectional area
for VM and VL, respectively, after 10 weeks of knee extensor
eccentric isokinetic training.

One possible explanation for this greater response of VM
compared to that of VL is the higher fast-twitch fibers composi-
tion (Travnik, Pernus, & Erzen, 1995), which are more suscep-
tible to exercise-induced muscle damage (Clarkson & Hubal,
2002; Fridén & Lieber, 1998; Takekura, Fujinami, Nishizawa,
Kasuga, & Ogasawara, 2001) due to its low oxidative capacity
and great capacity to generate tension (Hedayatpour & Falla,
2012). Moreover, VM fibers are a little shorter than VL fibers
(Ward et al., 2009), which may contribute to a larger stretch
of sarcomeres during eccentric knee extensor exercises and,
consequently, a possible increased probability of micro ruptures
in the VM muscle tissue. Additionally, a greater hypertrophic
response in the distal region of quadriceps (where we measured
VM) when compared to the central region (where we measured
VL) (Hedayatpuor & Falla, 2012; Narici et al., 1996; Narici et
al., 1989; Seynnes, Boer, & Narici, 2007) could be related to
the regional differences in force transmission along the muscle
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length, since muscle fiber forces are not only transmitted lon-
gitudinally to the tendinous structures but also laterally through
the connective tissue matrix (Seynnes et al., 2007).

Another explanation for the higher hypertrophic response
of VM compared to VL may be the different muscle activity
levels of these muscles during the isokinetic eccentric training
program. However, previous studies assessing the muscle
activity of VM and VL during maximal isokinetic eccentric
exercises at 60°.s' have presented conflicting results. While
data from Sczepanski, Gross, Duncan, and Chandler (1991)
suggest a more effective muscle activity of VM compared to
VL, findings from Guilhem, Cornu, and Guevel (2011) suggest
similar muscle activity levels between these muscles.

Our findings indicate that only VM muscle activity capa-
city was affected by the isokinetic eccentric training program,
disagreeing from findings of previous studies (Blazevich et al.,
2008; Hortobagyi et al., 1996b) and suggesting that this portion
of the quadriceps femoris was emphasized by eccentric exerci-
ses performed on the isokinetic dynamometer, as suggested by
Sczepanski et al. (1991). However, in view of these inconsistent
findings, it is difficult to attribute the morphological adaptations
to a different muscle activity level between VM and VL during
maximal isokinetic eccentric contractions.

This study was not able to identify the exact mechanisms
behind the greater adaptation of VM compared to VL in relation
to neural and morphological factors. However, two main points
demonstrated by these results should be highlighted. The first
one is that different portions of the quadriceps femoris present
specific responses to isokinetic eccentric training. Therefore,
we do not recommend the use of VL (or other single part of
quadriceps femoris) as a reliable representative of the whole
knee extensor muscle group in future studies.

The second, and more important point, is that the eccentric
training performed on the isokinetic dynamometer emphasized
the adaptations of VM compared to those of VL. Although we
were unable to perform direct measures of VM and VL strength
capacity, the higher increases in muscle mass and muscle activity
observed in the medial portion of the quadriceps femoris suggest
that VM strengthening was greater than VL strengthening. The-
refore, in a clinical setting where the VM weakness is usually
diagnosed as a mechanism for some knee joint dysfunctions,
such as patellofemoral pain syndrome, this training intervention
could be useful to be incorporated to the patients’ treatment. In
order to confirm or refute the effectiveness of this intervention,
studies involving populations with these specific dysfunctions
should be developed in the future.

Conclusion

The isokinetic knee extensors eccentric training was able
to promote morphological gains in VM and VL muscles, with
more pronounced changes for VM and neural gains only for the
VM muscle. This behavior might be important in events where
a different response between these muscles is expected, such as
the regain in balance between them to prevent and/or treat knee
joint dysfunctions, such as the patellofemoral pain syndrome.
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