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ABSTRACT

Introduction: The elastic knee wrap (EKW) is a device used by powerlifters, weightlifters and subjects
undergoing strength training with the aim of stabilizing the knee joint and increasing the development of
strength (carryover effect). Objective: To compare the effects of elastic knee wrap use on muscular activity
of the vastus lateralis (VL) and on knee extension force during maximum voluntary isometric contraction
(MVIC) on the knee extensor chair. Methods: The study included 18 healthy male strength trained (>1
year) subjects (age: 25.56 + 4.84 years, total body mass: 81.83 + 8.73 kg, height: 176 cm + 5.17). Three
five-second maximum voluntary isometric contractions (MVICs) of the knee extensors were performed
with a 10-second interval between attempts, for each experimental condition: control (C), with elastic
knee wrap (EKW), and with tensor (T). The performance of the knee extensors and VL muscle activity were
evaluated. A repeated measures ANOVA was used to compare the dependent variables (carryover, peak
force, IEMG and Impulse). Results: For carryover, the use of EKW presented a higher value (74.21%) than
the control condition (p <0.001, d = 0.96) and was 79.37% higher than the tensor (p <0.001, d = 0.97).
Peak force was 12.2% higher in condition C compared to EKW (p =.018,d = 0.71). For impulse, the control
condition presented an increase of 8% compared to EKW use (p =.015, d = 0.62). No significant differences
were observed for IEMG. Conclusion: Elastic knee wrap use increased strength production capacity during
knee extension. The removal of the mechanical effect originating from carryover during MVIC reduces the
strength performance of the knee extensors, but not the muscular activation of the VL. Level of Evidence I;
Therapeutic studies - Investigation of treatment results.

Keywords: Biomechanical Phenomena; Athletic Performance; Muscle Strength.

RESUMO

Introducdo: A banda eldstica de joelhos (BEJ) é um equipamento utilizado por powerlifters, weightlifters e
sujeitos treinados em forca, com o objetivo de estabilizar a articulacédo do joelho e aumentar o desempenho da
forca (efeito carry over). Objetivo: Comparar os efeitos do uso da banda eldstica de joelhos na atividade muscu-
lar de vasto lateral (VL) e na for¢a de extensores de joelhos, durante a contragdo voluntdria mdxima isométrica
(CVMI) na cadeira extensora. Métodos: Participaram do estudo 18 sujeitos sauddveis (idade: 25,56 + 4,84 anos,
massa corporal total: 81,83 + 8,73 kg, estatura: 176 + 5,17 cm), do género masculino, treinados em forca (> 1 ano).
Foram realizadas trés contragées voluntdrias mdximas (CVMI's de extensores de joelho, de cinco sequndos por 10
segundos de intervalo entre as tentativas, para cada condicéo experimental: controle (C); com banda eldstica de
Jjoelhos (BEJ); e com tensor (T). Foram avaliados o desempenho de extensores de joelho e a atividade muscular
de VL. Uma ANOVA com medidas repetidas foi utilizada para comparar as varidveis dependentes (carry over; pico
de for¢a, IEMG e Impulso). Resultados: Para o carry over, o uso da BEJ apresentou maior valor (74,21%) quando
comparada a condicdo controle (P<0,001, d=0,96) e 79,37% maior do que o tensor (P<0,001, d=0,97). O pico de
forca foi 12,2% maior na condicdo C comparado a BEJ (P=0,018, d=0,71). Para o impulso, a condicéo controle
apresentou um aumento de 8% comparado ao uso da BEJ (P=0,015, d=0,62). Para a [EMG ndo foram observadas
diferencas significantes. Conclusdo: O uso da banda eldstica de joelhos aumentou a capacidade de produgédo
de forca durante a extensdo de joelho. A remogdo do efeito mecdnico proveniente do carry over, durante a CVM|,
reduz o desempenho de forca dos extensores de joelho, mas néo a ativa¢do muscular do VL. Nivel de Evidéncia I;
Estudos terapéuticos - Investigagao dos resultados do tratamento.

Descritores: Ffenémenos Biomecanicos; Desempenho Atlético; Forca Muscular.

RESUMEN

Introduccidn: La venda eldstica de rodillas (EKW) es un dispositivo utilizado por powerlifters, weightlifters y sujetos
aentrenados en fuerza con el objetivo de estabilizar la articulacién de rodilla y para aumentar el desarrollo de la fuerza
(efecto carry over). Objetivo: Comparar los efectos del uso de venda eldstica de rodillas en actividad muscular del vasto
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lateral (VL) y la fuerza de los extensores de rodilla durante la contraccién mdxima isométrica voluntaria (MVIC) en la
silla extensora. Métodos: El estudio incluyd a 18 sujetos saludables (edad: 25,56 + 4,84 afios, masa corporal total: 81,83
+8,73kg, altura: 176 cm + 5,17), sexo masculino, entrenado en fuerza (> 1 afio). Fueron realizadas tres contracciones
mdximas voluntarias extensoras de rodilla (MVIC), de cinco sequndos por 10 segundos de intervalo entre intentos para
cada condicion experimental: control (C), con las vendas eldticas de rodillas (EKW), y con tensor (T). Fueron evalua-
dos el desemperio de los extensores de rodilla y la actividad muscular de VL. Una ANOVA con medidas repetidas fue
utilizada para comparar las variables dependientes (carry over, el tope de fuerza, IEMG e Impulso). Resultados: Para el
carry over, el uso de EKW presento un valor de mayor (74,21%) en comparacion con la condicidn de control (P <0,001,
d=0,96)y 79,37% mayor que el tensor (P <0,001, d = 0,97). El tope de fuerza con fue 12% mayor en la condicion C,
comparado EKW (P =.018,d = 0,71). Para el impulso, la condicién control presentd un aumento del 8% comparado
alusodela EKW (P=.015,d = 0,62). Para IEMG no fueron observadas diferencias significativas. Conclusién: El uso de
vendas eldsticas de rodillas aumenté la capacidad de produccion de fuerza durante la extension de rodilla. La remo-
cion del efecto mecdnico proveniente del carry over durante la MVIC reduce el desempeno de fuerza de los extensores
de rodilla, pero no la activaciéon muscular del VL. Nivel de Evidencia I; Estudios terapéuticos - Investigacion de los

resultados del tratamiento.

Descriptores: Fendmenos Biomecdnicos; Desempeno Atlético; Fuerza muscular.
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INTRODUCTION

The elastic knee wrap (EKW) is a device commonly used by power-
lifters, weightlifters and force-trained subjects with the goal of stabilizing
the knee joint, boosting strength performance (carry over effect), and
supposedly increase safety during and performing the squat exer-
cise."2 The EKW has a composite manufactured of polyester frames
reinforced with elastic material and measuring two meters in length,
usually wrapped around the knee as tightly as possible just before
the squat be executed.>* The EKW, in general, works as an ergogenic
agent that through elastic deformation of the material accumulates
elastic energy and gravitational potential (during the descending
phase of the squat) and consequently increases its loading capacity
in the ascending phase, additional force effect known as carry over.!
Although EKW was extensively used in strength training, only three
studies investigated the EKW's carry over effect on strength production,
with a dynamic squatting study in powerlifters (19,8%),° a study with
strength-trained subjects during passive squatting (25,1%)* and a study
in subjects trained in strength during maximum isometric squatting
(21-22%).5 Additionally, Lake et al.,, * compared the effect of EKW use on
kinetic and kinematic variables during squatting in subjects trained in
strength. In this study was study the soil reaction force, the mechanical
force production applied to the center of mass, the vertical impulse,
the horizontal displacement of the bar, the mechanical work and the
power peak. The results showed that the elastic properties of EKW
reduced the horizontal displacement of the bar in the downward
phase by 39%, as well as a 13.2% increase in peak power with EKW.
The authors suggested that such changes in the technique could
promote changes in the pattern of muscle activation during squats
with EKW (a variable that wasn 't evaluated in the study). Additionally,
Gomes et al.,” compared the vastus lateralis (VL) and gluteus maximus
(GM) muscle recruitment patterns during dynamic squatting with and
without EKW in subjects trained in strength at different intensities (60
and 90% of 1RM ). The results showed that the use of EKW during the
squatting (90% of 1 RM) presented a reduction of 19.7% in the mus-
cular activation of the VL. The authors suggested that the reduction
of muscle activation may have occurred due to two factors: (1) the
carry over effect facilitating knee extension and reduced the need for
greater muscle intensity, or (2) joint compression promoted by EKW
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that may have resulted in neural inhibition of muscle activation. Farther,
Gomes et al.® compared the effect of performing vertical jumps with
countermovement (SCM) after performing the half-squat exercise with
EKW (3 repetitions at 90% of 1RM). The results showed a reduction of
15% in the muscular activation of the VL during SCM after the accom-
plishment of the half-squat with EKW. The authors proposed that the
use of the knee elastic band during mid-squatting promoted the carry
over effect, reducing VL muscle activity during SCM.

Although there were studies that evaluated the effect of EKW on
the kinematic, kinetic and electromyographic variables of the squat
exercise (multi-articular), no study was found in the scientific literature
to compare the effects of EKW on isolated exercises, that is, where there
is no influence of joints acting synergistically, in addition to other muscle
groups that may promote changes in both muscle activation and the
strength of knee extensors. Thus, the objective of the present study was
to compare the effects of elastic knee wrap use on the vastus lateralis
muscle activity and knee extensor strength during maximal isometric
voluntary contraction (MVIC) in the knee extensor chair.

MATERIALS AND METHODS

The number of subjects (n = 18) was determined using a pre-
viously conducted pilot study with subjects (n = 5) who had the
same characteristics as those employed in the present study, based
on a significance of 5% and a power of the test of 80%.° A total of 18
healthy male subjects (age: 25.56 + 4.84 years, total body mass: 81.83
+8.73 kg, height: 176 £ 5.17 cm), trained in strength (time of practice:
69.33 + 60.59 months) on a regular and uninterrupted, including
knee extension for at least one year. All subjects were informed of
the experimental procedures and they read and signed the Informed
Consent Term approved by the Research Ethics Committee of the
University (protocol n° 65/2015).

Initially, the dominant lower limb was determined through oral
questioning about kick a ball preference,’ followed by morpho-
logical and anthropometric assessment (total body mass, height,
mid-thigh circumference, and total limb length). The subjects pre-
sented themselves in the laboratory only once and abstained from
any physical activity for at least 48 hours. A brief warm-up on the
ergonometric bicycle (Righetto, model R-510V, Brazil) was carried
out for five minutes, with a load between 75 and 100 watts at 70
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revolutions per minute. The subjects were then invited to sit on the
knee extension chair (Righetto Fitness Equipment, Model PRO-R,
Brazil), and this was adjusted so that the knees were at 90 ° flexion
and aligned with the machine’s axis of rotation. Later, trunk and hip
were fixed in the seat (by belts) aiming to restrict any movement
of the lower limb or trunk during all the experimental conditions.
After fixation, subjects were instructed to cross their arms in front
of the trunk to perform the specific familiarization with the task
consisting of five submaximal isometric contractions (at 50% of their
maximum imaginable contraction)'" or three seconds followed by
a three minute interval. All force measurements were collected by
a load cell (EMG System do Brasil, Brazil) positioned perpendicular
to the traction arm of the extensor chair.

The three experimental conditions were performed only in the
dominant lower limb, randomized and aimed at measuring muscle
strength and activity: control task (C), where the subjects did not use
any equipment in the knee; elastic knees wrap (EKW), where the subjects
used the elastic band; and tensor (T), where the subjects used a tensor
without resistance or compression. Initially, in order to quantify only
the carry over, the subjects remained seated in the extensor chair at
rest, with the anterior region of the ankle joint supported on the roller
of the machine (only the dominant member), for the measurement of
the passive mechanical tension. Then, three MIVC's of knee extensors
were performed, with duration of five seconds for 10 seconds of interval
between trials, followed by 10 minutes of rest between experimental
conditions. The technique of placement of the EKW employed was
in spiral'? as tightly as possible, and always performed by the same
evaluator. The technique of placement of the EKW employed was in
spiral12, as tightly as possible and always performed by the same
evaluator. An elastic band of 0.002 x 0.08 x 2.00 m, composed of pol-
yester fabric with interlaced elastodiene filaments (Maba Murphy
Confeccdes Ltda,, Brazil, Hard model) was used, with the following
mechanical characteristics: modulus of elasticity ( Young's modulus)
(0.47 + 0.03MPa), elongation failure (373.7 = 18mm) and maximum
tensile stress (177.2 + 14MPa).”3 It was use a neoprene tensioner with
Velcro closure and patellar orifice (TENSOR, Brasil).

Surface Electromyography (sEMG): the vastus lateralis muscular
activity data of the dominant limb during knee extension were
captured by means of a six-channel surface electromyography
(SEMG) (EMG System Brazil, model SAS1000V6, Séo Jose dos Campos,
Brazil). Pairs of active surface electrodes, self-adhesive, Ag/AgCl with
Tcm of diameter, spaced 2cm from center to center between the
electrodes, associated with a conductive gel were placed on the
vastus lateralis muscle. The location of the electrodes was guided
according to SENIAM/ISEKI,™ specifically to 2/3 in the line from the
superior anterior iliac spine of the lateral portion of the patella. The
reference electrode was placed on the patella of the non-dominant
side of each subject. For the placement of the electrodes the hairs
were removed from the region, followed by a slight abrasion and
reduction of the electrical impedance.”™” The sampling frequency
adopted was 2000Hz.

Isometric Force: The isometric force (MVIC e carry over) was measured
through a tensile / compression load cell (maximum load of 200 kdf,
EMG System do Brasil, Sdo José dos Campos, Brazil), which was fixed
perpendicular to the machine movement arm at a 90 degree angle. The
acquired data were amplified in 600x, to a frequency of acquisition of
2000Hz and synchronized to sSEMG through acquisition software (EMG
System Brazil, Sdo Jose dos Campos, Brazil).

Rev Bras Med Esporte - Vol. 24, N2 4 — Jul/Ago, 2018

Data analysis

All force and sEMG data were processed through a routine written
in the software Matlab (Mathworks Inc., USA). The force data were filtered
by a fourth-order, low-pass Butterworth 10Hz filter. It was defined as
standard for further comparison the highest value of the three peak
force attempts (MVIC) and the impulse produced in the first two
seconds. It should be noted that the peak force and impulse values
for all experimental conditions were defined from the subtraction of
the carryover value and the MVIC value (real strength value = muscle
contraction - carry over).

The sEMG data were analyzed only in the first two seconds after
the beginning of the contraction determined by the force curve. The
SEMG signal processing proceeded in the following order: filtering
using a 4th order Butterworth filter, bandpass between 20-400 Hz,
and zero lag. Next, the sSEMG data were processed by a root mean
square (RMS) windowed at 200ms, and then the RMS windowed were
integrated (IEMG).

Statistical analysis

The normality and homogeneity of the variances were verified
through the Shapiro-Wilk and Levene tests, respectively. A repeated
measures ANOVA was used to compare the dependent variables
(carry over, force peak, [EMG and Impulse) between the experimental
conditions (control, elastic knee wrap and tensor). Then, a Bonfer-
roni Post-hoc test was used to compare the mean of the dependent
variables between the conditions. The reliability of the dependent
variables were determined using the intra-class correlation coefficient
(ICC) following the following criteria: <0.4 poor; 0.4 - 0.75 satisfactory;
>0.75 excellent.'® The calculation of the effect size (d) was make using
the Cohen formula and the results were based on the parameters
suggested by Rhea'? for recreationally trained subjects: <0.35 trivial
effect; 0.35-0.80 small effect; 0.80-1.50 moderate effect; and >1.50
great effect. Significance of 5% was used for all statistical tests, using
SPSS software version 21.0.

RESULTS

Forthe carryovervariableit was observedthat the use of EKW presented
a74.21% higher value when compared to the control condition (P <0.001,
d=0.96), and 79.37% higher when compared to the use of the tensor
(P<0.001,d=0.97) (Figure 1A). For the peak of force, an increase of 12.2%
in the control condition was observed when compared to the band
(P=0.018,d=0.71) (Figure 1B).The same was observed for the impulse,
where the control condition showed an increase of 8% in relation to
the use of EKW (P =0.015, d = 0.62) (Figure 1C). For the IEMG varia-
ble, no significant differences were observed between the analyzed
conditions (Figure 1D).

DISCUSSION

The aim of the present study was to compare the effects of the use
of the elastic knee wrap on the vastus lateralis muscle activity and the
strength of knee extensors during the maximal isometric voluntary con-
traction (MVIC) in the extensor chair. The results show that the elastic wrap
presented a carry over effect ~ 74.21% higher than the control condition
and 79.37% higher than the tensor. These findings corroborate the results
obtained by Harman e Frykman?® and Gomes et al.® who verified a carry
over effect of ~ 25% during passive squatting (under suspension) and
22% during maximum isometric squat, respectively. However, the carry
over effect found in the present study was considerably higher than that
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Figure 1. Mean and standard deviation of the dependent variables (A) carry over; (B) force peak; (C) impulse; (D) IEMG for all conditions analyzed. *Significant difference between

experimental conditions, P<0,05.

observed in the aforementioned studies.>¢ It is probable that EKW contri-
buted with a greater mechanical magnitude during extension of knees
in the extensor chair due to the lower external resistance involved during
the task (leg and foot segments), which are equivalent to approximately
9.6 and 3.4 % of body weight, respectively.? While performing the maxi-
mal isometric squatting exercise, the external resistance is composed of
approximately 87% of body weight? (trunk, upper limbs, neck and head).
Thus, it is understood that the carry over effect produced by the wrap
can be affected by the type of exercise performed, since the band used
in this experiment was of the same make and model used by Gomes et
al.® Between the control and tensor conditions, no significant differences
were observed between the control and tensor conditions, concluding
that the mechanical characteristics of the orthosis did not contribute
to the carry over effect as also verified by Marchetti et al,,'> On the other
hand, both the peak force and the impulse were higher for the control
condition than for the band condition (12.2% and 8%, respectively),
not corroborating with the findings of Gomes et al.’ who verified an
increase in peak force of 22 and 21% (carry over) during the maximum
isometric squat with wrap. However, the present study evaluated the
effect of EKW during knee extension exercise by removing the effect
of additional force produced by the band (carry over effect). In this way,
itis assumed that the reduction of the performance of knee extensors
with EKW verified in the present study, was due to the joint pressure
promoted by the accessory. According Rice e McNair?! the knee joint is
innervated by afferent fibers (Group Il) that are activated by mechanical
stimuli (tension and pressure), which may promote inhibition of the alpha
motoneurons via type Ib sensory neurons, which may have compromised

the production capacity of the strength of knee extensors. Curiously, for
the IEMG of the vastus lateralis muscle (VL) no significant difference was
observed between the analyzed conditions, which did not corroborate
with the findings of Gomes et al.,” who found a reduction in VL muscle
activation during dynamic squatting with EKW at 90% of 1RM. However,
the increase in recruitment of motor units is relatively proportional to the
increase in activity intensity performed realized.” So, it is likely that the
intensity used in our (maximum) study has provided a similar recruitment
of motor units between the experimental conditions. In addition, our
study evaluated the effect of EKW during maximal isometric contractions,
which generally present a relatively stable SEMG signal when compared
to dynamic activities." Besides, the present study compared the effects
of EKW on anisolated exercise, nullifying the influence of other muscle
groups and joints. Therefore, the results of the present study cannot be
extrapolated to dynamic and multi-articular exercises, since the type of
exercise and the way of doing it can alter the results obtained.

CONCLUSION

It was concluded that the use of elastic knee wrap promoted an
increase in the capacity of force production during knee extension
(carry over effect). However, removal of the mechanical effect from the
carry over during maximal isometric contraction reduces the strength
performance of knee extensors, but not the muscular activation of
the vastus lateralis.
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