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SUMMARY: Anatomical studies describe the vastus medialis (VM) as being subdivided into two morphologically distinct
components, the vastus medialis obliquus (VMO) and the vastus medialis longus (VML). However, there are discrepancietheegarding
functional differentiation of these components. The aim of this study was to compare the levels of activation of the VRI@Mhd th
by high density surface electromyography. Twelve healthy young women (age:20.gears; weight: 584.7.5 kg; height: 1.& 0.1
m), performed an open kinetic chain knee exercise during which the EMG activity of the VMO and the VML was recorded with two-
dimensional matrices of 32 surface electrodes. The exercises were performed with three levels of resistance (5, 10 tredbdsl§o of
weight (BW)), considering three phases: concentric, isometric and excentric. In the isometric phase the VMO had greatettexctivat
the VML with the three levels of resistance (p<0.05). In the excentric phase, the VMO also showed greater activatiorMhamithe V
the 10 and 15 % BW resistance levels, while in the concentric phase, the VMO showed greater activity than the VML wittbd¥tly the
BW resistance. The results indicated significant differences in the activation level of the two components of the VMs Trisdstzance
in the development of exercises intended to achieve a greater or more selective activation of the VMO. In the sampléosubjected
evaluation, the EMG recordings describe a greater activation of the VMO in comparison to the VML, which is more impogtant in th
isometric and excentric phases of the flexion/extension of the knee in an open kinetic chain. These findings suggestla function
compartmentalization of the VM.
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INTRODUCTION

The vastus medialis muscle (VM) is one of thavhich determines a medialising component of the patella
components of the quadriceps muscle, whose main functipWaryasz & McDermott). Anatomical studies show there is a
is the extension of the knee and which, in particular, has bestructural division of the VM into two elements, the vastus
attributed an active role in the medial stability of the patellmedialis obliquus (VMO) and the vastus medialis longus
(Waryasz & McDermott, 2008). Hence the clinical importanc/ML) (Travnik et al 1995; Smithet al 2009; Rajpuet al
of its function in relation to the aetiology and treatment a2017). The fibres of these components are oriented @i
patellofemoral dysfunction. This is one of the most prevalent® respectively from the longitudinal axis of the femur
knee pathologies in the young population, especially in womgwaryasz & McDermott). This morphologic characteristic
(Smithet al. 2018). The stabilizing role of the VM is mainly leads to the presumption that each of these two components
due to the orientation of its muscle fibres, the direction dgilfils different functionsgiven the orientation of their lines
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of force (Blazeviclet al, 2006). In this context, the VML has the VM muscle, iv) substance abuse (alcohol and/or drugs)
been attributed primarily a knee extensor role, while the VM@ the 48 hours prior to the evaluation, v) having performed
is the only active medial stabilizer of the patella (Speakmatrenuous physical activity in the 48 hours prior to the
& Weisberg, 1977). Several studies have attempted tneasurement. All volunteers provided written agreement
demonstrate the functional differences between these twigning an informed consent document. The procedures in
components, nevertheless, their conclusions differ (Hubbatttis study were in accordance with the criteria of the
& Opersteny, 2002; Rainoldt al, 2008; Spairargt al, 2012). Declaration of Helsinki and were approved by the local ethics
committee (SCEC201603, 07-03-2016).
A possible explanation for this lies in the techniques
used to obtain the EMG recordings. On the one hand, neeBbercise.The EMG activity of the VMO and the VML was
EMG involves taking an intramuscular recording with aecorded during an open kinetic chain flexion/extension
reduced capture volume, reason for which its recordinggercise of the knee. The recordings were performed on the
involve a small number of motor units (MU) and thus itelominant knee of each volunteer determined on the basis of
conclusions are limited to the activation of those few Mlthe lower limb selected most frequently to descend from a
(Merletti & Parker, 2004; Merlettet al, 2008). This may 30 cm-high crate (Sadegkt al, 2000). A quadriceps
be solved with bipolar surface EMG, a technique whictmachine (503291, Enraf-Nonius B.V., Rotterdam, The
involves a larger capture volume, incrementing in this wajetherlands) was used to perform the exercise, limiting the
the number of MU it is capable of recording. However, inange of movement between 90 aiq@ = full extension
the case of large muscles, such as the VMO and the VMaf,the knee). The exercise was performed with three levels
the ratio between the capture volume and the muscle voluofeesistance, equivalent to 5, 10 and 15 % of the body weight
continues to imply that it leads to conclusions based ¢r% BW) of each volunteer. The exercise was divided into
recording a reduced number of the total amount of MU. three stages: i.- a concentric phase (8@ extension); ii.-
an isometric phase (holding thé position), and iii.- an
In contrast to the above, high density surface EM@&xcentric phase {Go 9C flexion).
(HD-sEMG) (Masudat al, 1983; Saitoet al, 2000; Farina
etal, 2002; Merlettet al, 2008) is a technique that employs The duration of each phase was 30, 10 and 30 seconds
a greater amount of electrodes arranged in one- or two-déspectively, as shown in Figure 1. Additionally, an
mensional matrices which cover a large surface of the muselectrogoniometer (Delsys, Boston, Massachusetts, USA) was
being studied and thus a greater capture volume. Hence, ititalled between the thigh and leg segments to control the
conclusions obtained with this technique imply a largepeed of execution of the concentric and excentric pha¥es (3
number of MU and, consequently, also imply results whics). The recording of the electrogoniometer was superimposed
are possibly closer to reality (Merletti & Parker). over a predefined trapezoidal paradigm (Fig. 1C). Both were
shown to the volunteers in a monitor placed in front of them
The aim of this research was to compare the level eb that they received feedback of the position and speed of
activation of the VMO to that of the VML in young womenthe knee in real time. Based on this, volunteers were asked to
during a knee flexion/extension exercise using HD-sEM@llow the established paradigm through the
to test the hypothesis that the VMO presents a greater lee@ctrogoniometer, which led to all of them performing the
of activation than the VML, with the purpose of providingexercise at the same speed.
evidence of the functional or neuromuscular
compartmentalization of the VM. HD-sEMG recordings. The EMG activity of the VMO and
the VML was recorded with two-dimensional matrices of
32 surface electrodes (ELSCHO064NM3, modified,
MATERIAL AND METHOD OTBiolettronica, Torino, Italy). They were placed over the
VMO and the VML such that the rows of electrodes were
parallel to the muscle fibres. For this, two lines were drawn
A sample of 12 physically active young women (ageat angles of 47and 18 from the longitudinal axis of the
21.4+ 2.0 years; weight: 584.7.5 kg; height: 1.6 0.1 m) femur (the line between the mid part of the superior end of
was evaluated in a cross sectional analytic observationhé patella and the anterior superior iliac spine, Fig. 1A), for
study (Hernandez & Fernandez, 2014). The followinghe VMO and the VML respectively (Waryasz &
exclusion criteria were applied when recruiting voluntedvicDermott). Before placing the electrodes, the skin was
participants: i) history of pain or pathology of the knee withicleaned with an abrasive paste (Everi, Spes Medica s.r.l.,
the last 12 months, ii) medical history of central or peripher8attipaglia, Italy) and washed with abundant water to
neurological diseases, iii) injury or infection of the skin ovediminish the impedance of the skin.
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Fig. 1. A: Localisation of the electrode matrices for the vastus medialis obliquus (VMO) and the vastus medialis longuB:(VML).
Example of eight EMG signals of one of the rows of the matrix of the VMO and the recording of the electrogoniometer. @1 &faradig
the knee position to be followed with the electrogoniometer signal by the volunteer participants. Also shown here arpltthsdhrafe

the exercise. CONC: concentric; ISO: isometric and ECC: excentric.

The EMG signals of each matrix were amplified in ahe 5 % BW resistance, the activation of the VMO in each
simple differential mode with a gain of 2000 units in ahase of the exercise was g|ven bymmsm ISP
bandwidth of 10-500 Hz. The EMG signals and thwwoes sy _zmo and mossuan.. zA ® where ARMS
electrogoniometer were digitalised in a synchronised manmepresents the EMG amplltude of each signal recorded in
at a sampling frequency of 2048 Hz, with 12-bit resolutiothe matrix corresponding to each component of the VM. All
(EMG-USBZ2, OTBioelettronica, Torino, Italy). the analyses were done with a data processing software

(lgorPro 6.2., WaveMetrics, Portland, OR, USA).

Each volunteer performed at least three test repetitions
for each resistance level in order to become familiar with tt&tatistical analysesThe data were initially subjected to a
procedure. Then, the order in which the resistance (5, 10 afescriptive statistical analysis in which the Shapiro-Wilk test
15 % BW) was to be applied in the exercises was assignedviegs applied to determine whether the data distribution
a simple randomisation. A five minute rest was considerddlfilled the assumption of normality. The comparisons
between repetitions. Three repetitions of the exercise wdretween the VMO and the VML were done with a t-test. All
performed for each resistance level. the analyses were carried out with a statistical significance

level of 95 % and one tail. The statistically significant
HD-sEMG data processing.In the analysis of the EMG differences were associated to a p-value of <0.05 (GraphPad
signals the second repetition of each resistance level wasSoftware, San Diego, California, USA).
considered. From both electrode matrices, 28 EMG signals
were obtained for each component of the VM (VMO and
VML). These signals were filtered digitally with a fourthRESULTS
order Butterworth type pass filter of 20-400 Hz. The analysis
of the signals was performed considering the three phases
of the exercise (concentric, isometric, and excentric), which The data revealed that the VMO generates a greater
were identified on the basis of the recording of thactivation than the VML during the isometric phase with the
electrogoniometer (Fig. 1C). To represent the activation tiree levels of resistance (p<0.05). Likewise, in the excentric
the MU of the VMO and the VML, the amplitude of the 28hase, a greater activation was recorded for the VMO than for
signals of each matrix was calculated with the root medine VML in the 10 and 15 % BW resistance levels, while in
square (RMS) using a window of 250 ms without overlafhe concentric phase the VMO showed greater activity than
(Guzmén-Venegast al, 2015). To represent the level ofthe VML only in the 15 % BW resistance level. Table | and
activation of the VMO and the VML, the amplitudes of thd-igure 2 show the activation levels of the VMO and the VML
28 signals of each matrix were calculated. For example, fiorthe different phases amesistance levels.

207



GUZMAN-VENEGAS, R.; VALENCIA, O.; CADORE, E. L. & IZQUIERDO, M.  Neuromuscular compartmentalization of the vastus medialis muscle: comparison of the activity of the vastus
medialis obliquus and the vastus medialis longus by high density electromyodnaphyMorphol., 39(1p05-210, 2021.

5%BW 10%BW 15% BW
4+ 44 =0.003 4+ p=0.029
p=0.007 P 1 VMO
O VML

p=0.046

= IR

Eccentric

14

Amplitude (mV)
N
Amplitude (mV)
N

Amplitude (mV)
Il
H

O

Eccentric Concentric

=

Concentric

=

Isometric

e

Eccentric Concentric

[
'
'
[
[
[
'
[
[
[
[l
[
[
'
[l
[
[
[
[
1 0
) 0
'

' ' ' '
' ' ' ' '
' ' ' ' ]
' ' ' ' '
' ' ' ' '
' ' ' ' '
' ' ' ' ]
' ' ' ' ]
' ' ' ' '
' ' ' ' '
' ' ' ' ]
' ] ' = ' '
s H : p=0.024 H H
' ' ' ' '
' ' ' ' '
' ' ' ' '
' ' ' ' '
' ' ' ' '
' ' ' ' '
\ s ' s !
" 1 ' 1 1
' ' ' ' '

Isometric Isometric

Fig. 2. EMG amplitudes (mV) of the vastus medialis obliquus (VMO) and the vastus medialis longus (VML) during an open kinetic
chain knee extension exercise, with three different levels of resistance (5, 10 and 15 % body weight [ % BW]). Eaclelgsebisgnan
its three phases: concentric (99;0sometric (0), and excentric (0-9). 0°: full extension of the knee (n=12).

Table 1. Amplitude SEMG of VMO and VML in young healthy women (n=12) during open chain flexion/extension knee exercise with
different levels or resistance (5, 10 and 15%BW).

5 %BW 10 %BW 15 %BW
n=12 VMO VML VMO VML VMO VML
Concentric (mV) 0.53(0.33) 0.46(0.16) 0.66(0.19) 0.61(0.26) 1.00 (0.58)° 0.72(0.30)°
Isometric (mV) 1.25(0.78) 0.85(0.67)* 1.77(0.90)° 1.11(0.45)° 2.03(0.95)° 1.48(0.64)°
Excentric (mV) 0.43(0.24) 0.33(0.17) 0.58(0.28)° 0.42(0.15)° 0.70(0.37)' 0.51(0.20)'

%BW: percent of body weight; VMO: vastus medial oblique; VML: vastus medial longitudinal; mV: millivolts. ap=0.007; b=0@034¢€=0.035;
€=0.029; f=0.046

DISCUSSION

The results of this study show that the VMO has g determine the functional differentiation between the
greater activation level than the VML in the open kinetieegions of a same muscle. In our study, the VMO showed
chain flexion/extension exercise of the knee subjected ¢peater activation than the VML with all levels of resistance
evaluation. This may show a functional difference betweggr the isometric phase, while in the excentric phase the
both components of the VM. These differencegifferences became evident from 10 % BW and for the
wereidentified in the isometric phase with all resistancgyncentric phase they were only observed with the 15 %
levels. Similar findings have been reported by Hubbard v resistance level. This shows that the differences in
Opersteny who, among several exercises, studied the EMgtivation between the VMO and the VML are independent
of the VMO and the VML during the maintained kneeyf the external resistance in the case of the isometric
extension, similar to the isometric phase analysed in t@@ntraction whereas in the dynamic contractions said
present study. In contrast, Spairahal reported a greater difference is dependent on the level of external resistance.
activation of the VMO than the VML in open and closedrhis may indicate that the greater engagement of the VMO
kinetic chain knee extension exercises. Differing from oWyver the VML in dynamic conditions could be associated
study, these authors analysed static exercises focusingy@ith a certain level of resistance and such differential
the resistance of local muscle fatigue, based on the differenggivation would not be evident with either higher or lower
in the distribution of the type of muscle fibres between thesijstance levels. In this context, prior studies in the superfi-
VMO and the VML described by Rainoléi al (2008) The cial masseter muscle (Guzmén-Vene@saL) have
discrepancy with our results may also be attributed to thieemonstrated the existence of a functional
characteristics of the matrices used in the study of Spairggmpartmentalization only at submaximal levels of isometric
etal, who used 4 electrodes (HD-sEMG) arranged in a sigontractions (20-60 % MVC), while at higher percentages
gle dimension, analysing only three signals to characterigethe MVC this difference disappears.
the VMO vs. the VML, whereas in our study 28 signals were
analysed for each component of the VM, implying that a  The resistance levels used in the present study were
larger number of MU were recorded during the exerciseg|atively low, which could have had an effect on the
Secondly, the levels of contraction appear to be importagitferences in activation between the VMO and the VML.
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The levels of external resistance used in this study weB®NCLUSION

chosen on the basis of the recommendations provided in

protocols of rehabilitation of the femoropatellar dysfunction

in the acute and subacute phases (Witvretnal, 2000, In the sample analysed, the EMG recordings descri-

2004), where activation of the VMO is key. be a greater activation of the VMO when compared to the
VML, this being more important in the isometric and

One of the main novelties of the present study is thexcentric phases of the open kinetic chain flexion/extension
application of recording the VMO and VML muscle activityof the knee. These findings suggest a functional
in the dynamic phases of the flexion/extension exercise of thbempartmentalization of the VM.
knee. Our results show there is greater activation of the VMO
than of the VML in the excentric phase (10-15 % BW) and the
concentric phase (15 % BW only). These findings differ froMACKNOWLEDGEMENTS
those reported by Hubbard & Opersteny, who did not find
significant differences in the level of activation between the
VMO and the VML. Nevertheless, a recent study by Gallina The authors thank S. Haro, K. Ibarra, M. Jara, M.P.
etal (2017) supports our findings: they showed that, in youn@rlandini and A. Quintana for their technical assistance
people, the nervous system is capable of activating differeshiring the collection of data.
regions of the VM in a heterogeneous manner, providing a
neuromuscular basis for the functional division of this muscle

GUZMAN-VENEGAS, R.; VALENCIA, O.; CADORE, E. L.

The functional or neuromuscular compartmentalizatio®& IZQUIERDO, M. Compartimentacion neuromuscular del mus-
demastrated in this work is consistent with that describe‘éi;'IF’ VaSt% ”I“edi"’t": Corg!o?';adé” ded_la ?Cti"lidid del vasft,o ;“ed:f"
: oplicuo el vasto medial largo mediante electromiograria de alta
in other skeletal muscles. Staudenmetrat (2009) recorded densida)élnt. 3 Morphol. 39(%205_210, 091 9
the differential activation of the different regions of the
triceps surae in relation to movements of the foot and the RESUMEN: Los estudios anatémicos describen que el
direction Of the force Of reaction Of the f|00r. MOI’eSiIﬂal. musculo vasto medial (VM) se subdivide en dos Componentes
(2008) demonstrated the existence of differential recruitmetibrfoldgicamente distintos, el vasto medial obliquus (VMO) y el
of the upper and lower portions of the rectus abdominissto medial largo (VML). Sin embargo, existen discrepancias con
muscle in different exercises of low intensity. While studyingespecto a la diferenciacion funcional de estos componentes. El
the recruitment of different regions of the rectus femoris ipPietivo de este estudio fue comparar los niveles de activacion del
exercises combining hip flexion and knee extensiofMO ¥ €l VML mediante electromiografia de superficie de alta
Watanabet al (2012) demonstrated the presence of at Ieagsgns'dad' Doce muijeres jovenes sanas (edadt210afios; peso:
two regions with differential recruitment.

,1+ 7,5 kg; altura: 1,& 0,1 m), realizaron un ejercicio de rodilla

de cadena cinética abierta durante el cual se registré la actividad

EMG de la VMO y la VML con dos matrices dimensionales de 32
One of the limitations of the present study is thelectrodos de superficie. Los ejercicios se realizaron con tres nive-

precision in the alignment of the rows of electrodes in relatides de resistencia (5, 10 y 15% del peso corporal (PC)), consideran-

to the muscle fibers. This shortcoming could be addresséel tres fases: conceéntrica, isométrica y excéntrica. En la fase

in future studies by ultrasonography during the proceduﬁ_pmétrica el VMO tuvo mayor activacion que el VML con los tres

of positioning the matrix. However, given that in the presel’?fveles de resistencia (p <0,05). En la fase excéntrica, el VMO tam-
. ! bién mostr6 mayor activacion que el VML con los niveles de resis-
study only the amplitude of the EMG was analysed, sa{‘eﬁcia de 10 y 15% BW, mientras que en la fase concéntrica, el

orienta_tior_l is not crucial, unlike its influence in theVMO mostré mayor actividad que el VML con solo el 15 % de
determination of other EMG parameters such as the musggistencia al BW. Los resultados indicaron diferencias significati-

fibre conduction velocity (Rainoldit al, 2000; Merlettet  vas en el nivel de activacion de los dos componentes de la VM.
al., 2003; Farinat al, 2004). Esto tiene importancia en el desarrollo de ejercicios destinados a
lograr una activacion mayor o mas selectiva del VMO. En la mues-
The results obtained in this study provide the basf& _somgtida a evaluacion, los regi§tros EMG describen una mayor
to consider the feasibility of activation exercises that recriftivacion del VMO en comparacion con el VML, que es mas im-
the VMO in a more selective manner, as demonstrated f/f2te en las fases isométrica y excéntrica de la flexion / exten-
. . . . sion de la rodilla en cadena cinética abierta. Estos hallazgos sugie-
fche |_sometr|c and exentric phases of the egermse analy.?grcfuna compartimentacion funcional de la VM.
in this study. Future research should be designed to evaluate
the effectiveness of the type of exercise analysed in this PALABRAS CLAVES: Reclutamiento heterogéneo;
investigation in the rehabilitation and prevention ofatron de activacién muscular; Compartimentacion funcional;
patellofemoral dysfunctions. Musculo vasto medial.
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