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Abstract

:

The development of lateral asymmetries in athletes could have an influence on performance or injuries. The aim of this study was to determine the within-day reliability of the symmetry tests and the performance tests, and explore the relationship between them. Eighteen male volleyball players (18.1 ± 2.1 years) participated in this study. Seven lateral symmetry assessments were used, namely: lateral symmetry through tensiomyography (LS), active knee extension (AKE), Y-balance test (YBT), muscular electrical activity in attack jump (MEA-AJ), single-leg squat jump (SLSJ), triple hop test for distance (THTD), and bilateral maximum repetition in leg press (1RMSL); and three volleyball performance tests, namely: the T-test, counter-movement jump (CMJ), and attack jump (AJ). Three in-day measurements were taken from each volleyball player after the recovery was completed. The reliability was calculated through the intraclass correlation coefficient and the coefficient of variation, and the relationship was calculated through Pearson’s bivariate correlation coefficient (p < 0.05). The results indicate that AKE, YBT, and LS are the symmetry tests with increased reproducibility. THTD correlates positively with the AKE test and 1RMSL test, and a greater symmetry in the YBT correlates with a greater performance in the CMJ and AJ performance tests. In conclusion, AKE, LS, and YBT are the best tests to determine, with reliability, the asymmetries in volleyball players, and a greater symmetry in the YBT seems to influence the height of bilateral vertical jump.






Keywords:


asymmetries; unilateral prevalence; strength imbalance; lower extremities; reproducibility; validity; team sports












1. Introduction


Most athletes show a preference for one side of their body when they perform a voluntary motor task. This primary use of a hand or a foot for a given motor skill is known as lateral preference [1] and is associated to the functional specialization of the right or left hemispheres [2].



There are several tests to determine the dominance in the lower limbs, which show that the dominant leg is not always the skillful one. This varies depending on the action to be performed, and in many cases, no differences between dominant (D) and non-dominant (ND) limbs are found [3].



As a result of this preference, lateral asymmetries can be developed, leading to differences of strength, power, stiffness, or joint range of movement (ROM) between the muscles on both sides of the athlete’s body. These appear by the different actions of sports where there is a unilateral prevalence, such as changes in direction, jumps, hits, and throws [4,5], creating specific sport adaptations and entailing an overuse of a certain structures. Even in bilateral exercises, the generation of forces can be notably different between the lower extremities [6].



The development of asymmetries due to the high level of specialization in sports can lead to certain risks. Some studies suggest that a difference in leg strength may be a risk factor for musculoskeletal injuries [7,8]. A difference in legs strength of 15% in knee flexors is related to an increase in “non-contact injuries” [7]. Other studies have determined that differences of more than 10% are considered an injury risk factor [9,10]. Therefore, this bilateral force measurement can determine which athletes have a higher probability of suffering injuries during training sessions and competitions.



On the other hand, the influence that a different application of forces between limbs could have on the decrease in performance has been addressed previously in the scientific literature. It has been determined that a bilateral deficit of force or power of 10% did not affect the jump height [11], while other works conclude that the difference between limbs has no relevance in performance when not exceeding 10–15% [12]. In addition, studies carried out to measure strength in isokinetic conditions [13] concluded that the contralateral force of the knee extensors are not associated with jumping performance.



In this sense, volleyball is a sport that demands explosive actions (250–300 actions per game) with 50–60% jumping, 27–33% attacks, and 12–16% landing [10]. These actions are performed by the most skilled side of the body. Specifically, the jump is done with the drive of the two legs together, but opposite to the forward attack arm, to favor the hip–trunk rotation and to perform a greater force hitting the ball [14]. On the other hand, there is an eccentric landing action within each jump, with an involvement in the creation of these lateral decompensations, where 40% of the landing actions are performed on one leg [15]. All of this seems to indicate that this sport could generate lateral asymmetries that could affect the jumping or ball hitting performance.



Several test batteries have been proposed for the evaluation of bilateral musculoskeletal asymmetries in the lower limbs [16,17,18,19]. The isokinetic tests are the most common assessments to determine asymmetries, which quantify the bilateral asymmetries of the most specific muscle groups, such as the quadriceps extensors and the flexors [20]. An additional test that is used is the counter-movement vertical jump or single-leg hop for distance, which present the difficulty that the force production is not measured directly and the performance is influenced by other factors [17]. Finally, the vertical jump in the force platform is another of the tests that is mostly used [16].



However, it seems that there is no consensus on which of these tests are the most appropriate to determine the lateral asymmetry in sports practice. Each test evaluates a different manifestation of strength or flexibility, and requires specific equipment. Other tests, such as those performed in isokinetic conditions, do not represent the mechanical performance model of most sports activities, such as the closed kinetic chain, rapid muscle actions, and multi-joint [21]. In this sense, it is necessary that the test that is to be performed is linked to the nature of the athlete’s movement, as these vary depending on the direction in which the force is applied [4].



In view of the above results, it seems appropriate to explore the use of a battery of specific tests to assess the lateral symmetry in well-trained volleyball players. The aim of this study is, firstly, to determine the relative and absolute within-day reliability of the tests that make up the battery. Secondly, to explore the relationships that may exist between the tests used to evaluate lateral symmetry. Finally, we intend to explore the relationship that may exist between the lateral symmetry assessment tests and the performance evaluation tests in volleyball.




2. Materials and Methods


2.1. Participants


Eighteen well-trained volleyball male players (four hitters, two liberos, five setters, three opposites, and four middles) with an average age of 18.1 ± 2.1 years, 180.8 ± 9.1 cm in height, 72.9 ± 8.3 kg of body weight, 10.1 ± 3.5% of body fat, and 62.9 ± 7.1 kg of muscle mass (BC-601 Bioimpedenace Analyser Tanita®, Tokyo, Japan) participated in this study.



All of the athletes were volunteers and signed the informed consent prior to the investigation, after receiving and reading the description of the tests to be performed as well as their possible risks. In the case of being under age, informed consent was signed by their parents or legal guardians. The coach and the club’s directors of the players were also informed, who gave their approval to the evaluation protocol. This research has followed the ethical principles of the Declaration of Helsinki (64 Ed. 2013) and the Data Protection Act 15/1999 of Spain. The protocol has been approved by the Ethical Research Committee of the Faculty of Education and Sports Sciences of the University of Vigo (Spain).




2.2. Experimental Design


To determine the tests’ reliability, a selective design of repeated measurements within-day has been used following a descriptive strategy [22]. In fact, three in-day measurements were taken from each volleyball player after the recovery was completed. Only in the bilateral maximum repetition in leg press (1RMSL) test was a single measurement taken, because the protocol suggests not making another maximum effort until after 72 h.



To determine the relationship between the symmetry tests and the relationship between these and the performance ones, a correlational design has been used, following an associative strategy [22]. The best value of the three measurements taken was used to analyze the possible relationships between the tests. The evaluation of the symmetry and performance tests was done within the volleyball players’ competition season, where they competed weekly (four training sessions and the competition match). All of the evaluations were performed after a complete recovery day.



The battery of tests consisted of a total of ten tests, the following seven are related to muscle asymmetries assessment: lateral symmetry by tensiomyography (LS), active knee extension (AKE), Y-balance test (YBT), muscular electrical activity in attack jump (MEA-AJ), single-leg squat jump (SLSJ), triple hop test for distance (THTD), and bilateral maximum repetition in leg press (1RMSL), and the following three tests are related to sports performance in volleyball: T-test, counter-movement jump (CMJ), and attack jump (AJ). The tests to evaluate muscle asymmetry have previously shown their usefulness in determining lateral symmetry in athletes of different disciplines, including volleyball [23,24,25,26]. Similarly, the selected performance tests have already been routinely used and indicated as valid in previous investigations in volleyball players [27,28,29].



The players were previously familiar with each of the tests, which were carried out in two different sessions, organized following the indications of Baechle and Earle [30]. In the first session, the LS by TMG, the AKE, the YBT, and the T-test were carried out, while in the second session, the THTD, the CMJ, the MEA-AJ, the AJ, the SLSJ, and 1RMSL tests were performed. All of the players performed the tests in this order.




2.3. Procedure


2.3.1. Tensiomyography (TMG)


TMG was used to measure the radial muscle belly displacement of the biceps femoris (BF) and rectus femoris (RF) in both of the limbs. The TMG assessments were performed following the protocol described by García-García et al. [31,32]. The BF was measured with the subject in the prone position, with the knee joint fixed at a 15° knee flexion angle by means of a specially designed wedge cushion. The RF was measured in the supine position, with the knee joint fixed at a 40° knee flexion angle, once again by means of a wedge cushion designed for that purpose.



The measures of radial muscle belly displacement were acquired by means of a digital displacement transducer (GK 30, Panoptik d.o.o., Ljubljana, Slovenia) set perpendicular to the thickest part of the muscle belly. For BF the measures were taken at the midpoint of a line between the fibula head and the ischial tuberosity; for RF the measures were taken on the anterior aspect of the thigh, midway between the superior border of the patella, and the anterior superior iliac spine. The self-adhesive electrodes (5 × 5 cm, Cefar-Compex Medical AB Co., Ltd., Malmö, Sweden) were placed symmetrically at a distance of 5 cm from the sensor (Figure 1). Electrical stimulation was applied with a pulse duration of 1 ms and an initial current amplitude of 30 mA, which was progressively increased in 10 mA steps until reaching 110 mA (maximal stimulator output). The electrical stimulus was produced by a TMG-S2 (EMF-FURLAN and Co. d.o.o., Ljubljana, Slovenia) stimulator. Of the nine curves recorded for each athlete, only the curve with the highest maximum radial displacement was included in the analysis for each muscle assessment.



Each measurement recorded the following parameters: maximum radial muscle belly displacement (Dm) in mm, contraction time (Tc) as the time in ms from 10% to 90% of Dm, delay time (Td) as the time in ms from onset to 10% of Dm, and sustain time (Ts) as the time in ms between 50% of Dm on both the ascending and descending sides of the curve. The data of these variables were used to calculate the percentages of lateral symmetry (LS) of each muscle evaluated, using the algorithm implemented by the TMG-BMC tensiomyography® software, as follows:


  L s = 0.1 ·   min  (  T D r · T D l  )    max  (  T D r · T D l  )    + 0.6 ·   min  (  T C r · T C l  )    max  (  T C r · T C l  )    + 0.1 ·   min  (  T S r · T S l  )    max  (  T S r · T S l  )    + 0.2 ·   min  (  D M r · D M l  )    max  (  D M r · D M l  )         



(1)




where “r” corresponds to the right, “l” to the left, “min” to the minimum, and “max” to the maximum.




2.3.2. Active Knee Extension (AKE)


AKE was used to measure the hamstring flexibility symmetry, based on angular measurements (in degrees) achieved by the extension of the knee with the hip flexed [24]. The athlete was placed on a stretcher in the decubitus supine position with one leg extended and the opposite leg placed with a hip flexion of 90°, fixed by an evaluator with the ankle in a neutral position. From this position, the athlete began a progressive knee extension maintaining the hip flexion until he manifested pain or discomfort, or a pelvic retroversion was detected by the evaluator.



To measure the flexion angle, two expert evaluators used a digital goniometer (Baseline® Absolute Axis 360°, Fabrication Enterprises, Inc., White Plains, NY, USA) using anatomical references for the placement of the goniometer arms on the external malleolus, the external femoral condyle, and the trochanter of the femur. The evaluation was carried out without any previous warm-up.



The asymmetry was calculated through the following formula [33]:


     (  s t r o n g   l e g − w e a k   l e g  )  / s t r o n g   l e g × 100  



(2)








2.3.3. Y-Balance Test (YBT)


This test was used to evaluate the symmetry of the dynamic balance of the lower limbs of the volleyball players, which has an inter- and intra-observer reliability of 0.85 and 0.82, respectively [23].



The YBT has a support platform from which three wooden blocks split, to be moved inside a wooden lane marked in cm. These lanes are placed on three axes, the anterior and the other two (posteromedial and posterolateral) at 135° from the first from both sides (Y Balance Test Kit™, Functionalmovement.com, Danville, VA, USA). Prior to the evaluation, the length (cm) of the two lower limbs of the athlete [34] was measured in the decubitus supine position on a stretcher, by means of an anthropometric tape measure (Seca 203, Hamburg, Germany), and the length was taken from the anterior superior iliac crest to the internal malleolus.



Once measured, the players were placed barefoot, with one foot on the support platform (dominant leg) and with their hands fixed on the hips, trying to reach as far as possible with the other foot on the three axes, in the following order: anterior, posterolateral, and posteromedial. For the measurement to be valid, the wooden blocks cannot be hit or leaned on, the hands should not loose contact with the hips, and at the end of the movement the athlete must return to the starting position in a balanced and controlled manner, to continue and follow the to the next axis [35].



As has been suggested [19], three valid measurements were made for each axis, and the athletes performed two practice measures in addition to the video viewing in the previous days.



To compare both limbs, these measures were normalized following the following formula:


  ( d i s t a n c e   o b t a i n e d   o n   a n   a x i s / r e l a t i v e   l e n g t h   o f   t h e   l i m b ) × 100  



(3)







Subsequently, the composite score (CS) of each leg was calculated, applying the following equation:


   (  m a x i m u m   l e n g t h   o f   t h e   t h r e e   d i s t a n c e s  )  /  (  3 · l e n g t h   o f   t h e   l i m b  )   



(4)







With this CS, the asymmetries between the legs were calculated, and the asymmetry between the previous distances was also checked, as a distance greater than 4 cm has been classified as risk of “contactless injury” [34].




2.3.4. T-Test


The T-test is a performance test to measure the agility that is developed in the following four planes: anterior, posterior, and both laterals. It was performed following a standardized version [36], in which the athletes begin from the base of a “T”, run to touch the front cone (10 m), then moving to their right (5 m), without crossing their feet at any time, touch the cone and move to their left to touch the opposite cone (10 m); then, return to touch the center cone again, and move backwards until they reached the starting point. Prior to carrying out this test, five minutes of individual warm-up was performed by each player. The times were measured in seconds using Polifemo Photocells (Microgate Corporation, Bolzano, Italy, Software version 1.10.19.01).




2.3.5. Triple Hop Test for Distance (THTD)


This test has been used to establish the lateral symmetry of the horizontal displacement reactive force. THTD has achieved excellent reproducibility values (intraclass correlation coefficient [ICC] 0.95) in physically active youngsters [26].



It consists of performing three horizontal impulses, trying to achieve the longest possible length on one leg, and then with the other (randomly chosen by the athlete). The hands should be fixed on the hips and the landing position should be maintained during the 2–3 s pause. The distance reached was measured in meters, from the tip of the foot at the starting moment to the heel (of the foot) at the landing moment of the third jump, comparing both legs with the use of the following formula [33]:


   (  s t r o n g   l e g − w e a k   l e g  )  / s t r o n g   l e g × 100    



(5)








2.3.6. Counter-Movement Jump (CMJ)


This test has been used to determine the flight time of the reactive force, but in a vertical displacement. It was designed by Bosco [28] and presents good validity and reliability with an ICC of 0.98 and coefficient of variation (CV) of 2.8% [37]. The test consists of performing a rapid flexion–extension of the legs with the minimum pause between the eccentric and concentric phase of the muscle contraction, with a free knee flexion to maximize the jump height [38]. The athlete must keep his hands on his hips at all times, and during the landing must actively seek the floor with his legs extended. Prior to the assessment, they were allowed to perform two jumps to facilitate their activation.



The CMJ evaluation was carried out on a contact platform (CHRONOJUMP Boscosystem®, Barcelona, Spain). The best flight time (s) was chosen from the three jumps performed, calculated by the CHRONOJUMP software (v. 1.7.0 for Windows, CHRONOJUMP Boscosystem®, Barcelona, Spain) [39]. The asymmetry was calculated with the following formula [33]:


     (  s t r o n g   l e g − w e a k   l e g  )  / s t r o n g   l e g × 100    



(6)








2.3.7. Attack Jump (AJ)


The AJ [29] is a performance test performed on an Optojump™ Next system of photoelectric cells (Microgate Corporation, Bolzano, Italy) that measures the contact time to the ground and the flight time, using optical system measurements consisting of a transmitting and receiving bar, with an accuracy of 1/1000 s. The flight time (Tf) and the gravity acceleration (g) were automatically used by the Optojump™ Next software (v.1.12.1. for Windows, Microgate Corporation, Bolzano, Italy) to calculate the vertical height (h) of the jump.


    h =   T  f 2  × g  8     



(7)







The reliability of the Optojump™ system in different jump tests has been proven to be excellent, with an ICC of 0.982 to 0.989 and a low coefficient of variation (2.7%) [40].



The jump is performed by taking a first step out of the Optojump™ 3 m Kit corridor formed by six interface bars (three RX bars that have interface and 30 mm of resolution, and three TX bars without interface and 10 mm of resolution) to enter into it with the second and third step, making the volleyball jump with the armed arm and simulating the hit of the ball at the highest point of the jump, and finally landing inside the the Optojump™ corridor, as shown in Figure 2. The asymmetry was calculated based on this parameter, using the following formula [33]:


     (  s t r o n g   l e g − w e a k   l e g  )  / s t r o n g   l e g × 100    



(8)








2.3.8. Muscular Electrical Activity during the Attack Jump (MEA-AJ)


To collect the data referring to the muscle electrical activity in the biceps femoris (BF) and rectus femoris (RF) of both legs during the attack jump, the electromyography (EMG) bioPLUX wireless system (Plux Wirelees Biosignals, Lisbon, Portugal) together with the placement of the emgPLUX sensors to the conductive adhesive hidrogel electrodes (30 mm, Meditrace-Kendall, Covidien IIc, Mansfield, MA, USA) were used. The EMG bioPLUX is a device that collects and digitizes the signals from the sensors, and transmits via Bluetooth to the computer, where they are visualized in real time. It has four analogic channels with a sampling frequency of 1000 Hz, with 12 bits of resolution, a range of ±1.5 mV, and a bandwidth of 25–500 Hz. The data collection was carried out with the OpenSignals revolution software (Plux Wirelees Biosignals, Lisbon, Portugal).



The placement of the electrodes followed the same guidelines as in the TMG in both muscles, but the distance of 5 cm between electrodes was shortened to 1 cm [41].



The data processing was carried out with software developed ad hoc, based on Excel (Microsoft®, v.16.13.1). In this program, we have included the parameters by which the graphs will be filtered.



For this purpose, the attack jump was divided into three phases [42]. The take-off phase, which was defined from the moment the player makes the last step before the jump until the last foot leaves the ground. From that moment, the flight phase begins until the first foot comes in contact with the ground, this starts the landing phase, and finishes at the moment the athlete ends the eccentric braking phase of the jump. Once the start and end of the electrical activity has been determined, the root mean square (RMS) has been calculated on the uncorrected filtered graph that measures the power of the electromyography signal [43].



In order to calculate the RMS in each phase of the attack jump (take-off, flight, and landing) each jump was recorded by a video camera (Olympus Stylus SP-100EE, Tokyo, Japan) at 240 Hz, and the images of the jumps were synchronized with the electromyography signal graph. This test was performed simultaneously to the AJ, following a protocol initiated by sitting in a relaxed position, and then a strong and rapid contraction of the rectus femoris of the dominant leg was performed. Once it was done, the player got up and performed the AJ as described above.



The asymmetry was calculated in each muscle, using the following formula [33]:


     (  s t r o n g   l e g − w e a k   l e g  )  / s t r o n g   l e g × 100    



(9)








2.3.9. Single-Leg Squat Jump (SLSJ)


This test has been used to establish the lateral symmetry of the explosive force, determined by the measurement of the average propulsive velocity of displacement (m/s) in a vertical jump. A vertical jump on one leg was performed in a Multipower (TECHNOGYM®, Cesena, CF, Italy), starting from a 90° knee angle [44]. To determine the knee angle, the athletes started from a seated position, previously marked with a digital goniometer (Baseline® Absolute Axis 360°, Fabrication Enterprises, Inc., White Plains, NY, USA). The athletes had to move a guided bar with a weight equal to 50% of their body weight, and were instructed to place their foot close to the center of the mass projection, but always with the hip in a horizontal position. For that, the non-performing leg remained separated from the floor, with the hip flexed and the knee semi-extended throughout the execution. At the signal, the athletes had to perform a concentric contraction at the highest possible speed, with the order to “try to jump”. The average propulsive velocity of the displacement (m/s) was determined through a Linear Encoder (CHRONOJUMP Boscosystem®, Barcelona, Spain).



Previously, the player was allowed to perform two jumps with each leg, to place himself and so the evaluator could adjust his placement and angulation. The asymmetry was calculated using the following formula [33]:


     (  s t r o n g   l e g − w e a k   l e g  )  / s t r o n g   l e g × 100    



(10)








2.3.10. Bilateral Maximum Repetition in Leg Press (1RMSL)


This test has been used to establish the lateral symmetry of the concentric maximum force, determined in kilograms. To determine the maximum strength, the protocol of Baechle and Earle [30] was followed by eliminating the warm-up with light loads, so as not to create accumulated fatigue from the previous tests. The players sat themselves in the Leg Press ARTIS® (TECHNOGYM®, Cesena, CF, Italy) with one leg resting on the platform (close to the midline of the body projection) and with the opposite leg as symmetric as possible, but without being in contact with the platform, in order to develop strength with the hip aligned. The athletes were expressly forbidden to cross the free leg behind the assed leg at the time of performing the force. The athletes were placed at an initial knee angle of 90°, assessed with a digital goniometer (Baseline® Absolute Axis 360°, Fabrication Enterprises, Inc., White Plains, NY, USA), and from this position, the platform was pushed until reaching the full knee extension.



The asymmetry was calculated according to the following [33]:


     (  s t r o n g   l e g − w e a k   l e g  )  / s t r o n g   l e g × 100    



(11)









2.4. Statistical Analysis


The relative reliability was calculated through intraclass correlation coefficient (ICC) analysis using single measurement, two-way mixed effects model, and absolute agreement. Generally, it is considered that a value less than 0.5 is an indicator of poor reliability, values between 0.5 and 0.75 indicate moderate reliability, values between 0.75 and 0.9 indicate good reliability, and values greater than 0.9 indicate excellent reliability [45]. The coefficient of variation (CV) was used as a measure of absolute reproducibility.



The application of the Shapiro–Wilk test, in conjunction with the Lilliefors test, showed that the sample distribution was normal, linear, and homoscedastic. To relate the variables of symmetry with each other and also with the performance variables, the Pearson’s bivariate correlation coefficient was used. An alpha level of p < 0.05 was considered statistically significant. All of the data were analyzed using SPSS v19.0 for Windows (SPSS Inc., Chicago, IL, USA).





3. Results


As it can be seen in Table 1, the relative and absolute within-day reliability of the symmetry and performance variables have been analyzed (all except for 1RMSL). Th test–retest reliability of the symmetry tests, AKE test, and LS (obtained through Tensiomyography) show an excellent relative and absolute reproducibility in both legs. Figure 3 shows the graph obtained from the two BF time–displacement curves, of the right and left leg, appreciating the athlete’s neuromuscular difference between both, because the BF of the right leg shows a greater maximum radial muscle belly displacement, as well as a greater reaction and contraction time than the left leg. For YBT, the relative reliability is moderate to excellent in both of the lower limbs, and the absolute reliability is good to excellent. Specifically, the posterolateral axis of the YBT presents the best relative and absolute reliability. In this line, the SJ test presents a moderate to excellent relative reproducibility in the right leg, and good to excellent in the left leg, but with a lower absolute reproducibility than the other symmetry tests.



On the other hand, THTD and RMS, obtained by EMG, have a lower relative reproducibility (poor to good in the right leg, and moderate to excellent in the left leg in THTD test, and poor to excellent in the right leg, and poor to good in the left leg) than the other tests of symmetry and an acceptable absolute reproducibility (under CV) in THT test, while the CV in RMS is very large, showing an insufficient absolute reproducibility.



In terms of performance tests, the T-test, CMJ, and AJ all have a low CV, which indicates excellent absolute reproducibility, and the CMJ also has a moderate to excellent relative reproducibility. However, the T-test and the AJ obtain a test–retest reliability poor to excellent for AJ, and poor to good for the T-test.



When establishing the possible relationships between the different measures of symmetry, the RMS variable by EMG was discarded, because of its very poor absolute reproducibility and relative poor to good reproducibility. This can be seen in the Figure 4, where there is a superposition of two RMS graphs of the rectus femoris of the same athlete, where the difficulty of reproducibility of this tool can be appreciated.



Among the measures of lateral symmetry, a moderate negative correlation was found between the anterior symmetry of the YBT and the symmetry in THTD (r = −0.57; p = 0.01), between the YBT CS and THTD (r = −0.61; p = 0.007), and between the lateral symmetry of the biceps femoris and the symmetry values of 1RMSL (r = −0.59; p = 0.03). In addition, a moderate positive correlation was found between the symmetry values of the THTD and the symmetry values of the AKE (r = 0.50; p = 0.03), and the symmetry values of 1RMSL (r = 0.65; p = 0.01).



Finally, when relating the asymmetry measurements of the different tests and the performance tests, a moderate negative correlation was found between the performance in the AJ (flight time) and the symmetry in the THTD (r = −0.58; p = 0.01). In addition, a moderate positive correlation was found between the performance in the AJ (flight time) and the composite score (CS) of the YBT of the right leg (r = 0.57; p = 0.02) and of the left leg (r = 0.57; p = 0.02). The performance in CMJ has also correlated positively and moderately with the composite score (CS) of the YBT of the right leg (r = 50; p = 0.03) and of the left leg (r = 0.45; p = 0.05). Finally, the performance in the T-test has correlated in a moderate negative way with the composite score (CS) of the YBT of the left leg (r = −0.47, p = 0.03).



Logically, a moderate negative correlation was also found between the performance in the T-test and the performance in the AJ (flight time) (r = −0.65; p = 0.006) and the performance in CMJ (r = −0.55; p = 0.01).




4. Discussion


The main findings of this research are that, from the designed battery, the AKE, the YBT, and the LS obtained through TMG are the symmetry tests with the better relative and absolute reproducibility. Among the performance tests, the CMJ obtained the best values. On the other hand, a greater lateral symmetry in the THTD test seems to also indicate a greater lateral symmetry in the AKE and in the 1RMSL, as it correlates positively with both. Finally, a greater symmetry in the composite score of the YBT in both legs seems to indicate a higher performance in the CMJ and in the AJ tests.



The LS obtained through TMG has been used as a measure of symmetry in cyclists [46] and in beach volleyball players [23], but unfortunately in none of these works has the reproducibility of this particular variable been addressed. The relative and absolute reproducibility over which the LS is calculated have shown high values [47], which seems to corroborate the results of the excellent reproducibility obtained in this test.



In addition, the AKE test has obtained excellent reproducibility results. However, the values obtained by sports medicine students [25], where the ICC was 0.87 (0.58–0.97) in the D and 0.81 (0.41–0.94) in the ND limb, and those obtained by students on a sports rehabilitation course with ICC 0.76 (0.39–0.90) [48], are inferior. This may be due to the fact that the samples used by these authors were not well trained athletes, so the characteristic strength training of volleyball players would imply better values in dynamic flexibility, as the ROM is a multidimensional factor [49]. Specifically, this better performance in the AKE test would come from a better intra- and inter-muscular coordination in the volleyball players. Another possible explanation is that volleyball players´ work at wide knee joint angles because of their defensive position, where the center of gravity is very low and close to the ground, needing a more stable muscle control. However, this is only a hypothesis that should be still checked.



The SLSJ and the YBT are the following symmetry tests with better reproducibility. In the YBT case, it shows a good to excellent reproducibility (ICC between 0.74–0.88 and a CV less than 10% in all its variables). The results obtained by Shaffer et al. [34] in the subjects between 16–35 years, without recent injuries in lower limbs or spine, and with an ICC between good and excellent (0.80–0.91), are in line with our results for volleyball players. However, those obtained by Linek et al. [35] in young soccer players (average age of 15.6 years) with a moderate to good ICC (0.57–0.82) indicate a lower reproducibility, which could point out that the reproducibility of the YBT could be influenced by the population under study. On the other hand, the SLSJ presents a greater reproducibility in the left leg (ICC 0.92 and CV 12.3%) than in the right leg (ICC 0.83 and CV 14.1%). A reasonable explanation is that the sample players have dominance of the RH, so their left leg is more stable, which would imply a better application of force with less disturbance, thus giving greater stability in the measure [50].



The THTD is the symmetry test with lower reproducibility, with poor reproducibility in the right leg (ICC 0.48 and CV 8.5%), but good in the left (ICC 0.76 and CV 8.7%). This contrasts with the excellent reproducibility found in university students of different sports, both collective and individual sports, with ICC 0.95 (0.92–0.97) [51]. The low reproducibility of the right leg could be again because of the dominance of RH, which makes the left leg the more stable, as this is the take-off limb with which the players of this sample preferably perform the attack jump hitting the ball with their right hand, which is consistent with the findings of Loturco et al. [52]. The test with the lowest reproducibility is the EMG-AJ. This low reproducibility could be due to the low activation and relaxation control of the players, or to the choice of the RMS calculation times. Further studies will be necessary to be able to determine the EMG-AJ reliability.



Among the performance tests, the CMJ has the highest reproducibility (ICC 0.87 and CV 4.4%), although it is lower that what Markovic et al. [37] found in young students (19.6 ± 2.1 years with ICC 0.98 and CV 2.8%). This difference could be due to the difficulty for volleyball players to jump with their hands fixed on their hips, because their mechanical performance model requires a coordinated movement of the arms. On the contrary, the reproducibility of the AJ (ICC 0.82 and CV 2.8%) has obtained identical values to those reported by Sattler et al. [53] in volleyball players (CV 2.8%) following the same procedure. Finally, in the T-test, we have obtained significantly lower values (ICC 0.65 and CV 2.4%) to those found by Raya et al. [54] in the American Military Navy (ICC 0.98), or those reported by Munro et al. [55] in students of 22.3 ± 3.7 years of age (ICC 0.82). This moderate reproducibility could be due to the fact that the T-test, in the way that it has been made, does not faithfully reproduce the movement of the volleyball players, as the distances at a high speed are lower in this sport. A possible solution would be modifying the distances between the cones to adapt them to the mechanical performance model of volleyball.



As previously mentioned, it seems that evaluating the lateral asymmetry is relevant to estimate the injury risks or to determine a greater or lesser sport performance. However, from our knowledge, only the work of Loturco et al. [52] has studied the relationship that may exist between different tests to assess bilateral symmetry.



In this sense, the results of the symmetry tests have shown certain discrepancies. It seems logical that there is a positive relationship of symmetry between the THTD and the 1RMSL (r = 0.65; p = 0.01), as in both, we evaluate the dynamic muscular strength. Specifically, the THTD evaluates the elastic–explosive force and the 1RMSL the maximum neuromuscular force, so a greater asymmetry in 1RMSL is related to a greater asymmetry in THTD, and vice versa. In fact, it was determined in young athletes (20.0 ± 1.2 years) that the muscle mass asymmetry of the lower limbs (on which the ability to produce strength in the 1RM test depends) was at least partially responsible for the force and power asymmetries [56].



The positive relationship found between the THTD and the AKE flexibility test (r = 0.50, p = 0.03) also seems logical, indicating that the players with the greatest difference between strength and power in the lower limbs are those that also show the greatest differences between the dynamic hamstring flexibility of both legs. This finding still needs a reasonable explanation that could go in line with the needs to maintain a functional symmetry between the strength developed by the quadriceps and the hamstrings (H/Q ratio), understood as the functional capacity of the knee joint and the balance between the agonists and antagonists muscles [57]. In particular, it would be more appropriate to use the functional H/Q ratio, defined as the percentage ratio between the peak force of the knee flexors during an eccentric contraction and the peak of the quadriceps force during a concentric contraction (H.ecc/Q.con) [58].



Less logical and lacking reasonable explanations are the negative interrelationships found between the anterior YBT and the THTD, or between the LS of the BF and the 1RMSL. However, the few interrelationships found in this work are, to some extent, in line with the findings of Loturco et al. [52], who, using an isokinetic test, did not find contralateral differences between the parameters derived from the TMG and the unilateral jumps. This suggests that a single diagnostic test for symmetry should not be used. In summary, we are dealing with symmetry measurements with parameters that evaluate different conditional capacities, which makes it difficult to find interrelationships between them.



A priori, it would be expected that a good number of interrelationships between the symmetry tests and performance tests would be found, as well as better performances the more symmetrical the athlete is [59], such as in sprints and jumps [59,60]. However, some authors [11,52,61] have not found a significant influence of bilateral asymmetries on performance, or at least not if these are less than 15% in jump actions [59]. Our results indicate that a greater lateral symmetry in the THTD test is related to a lower AJ (r = −0.58, p = 0.01), which is not easily explained. In the basic technique of the volleyball attack jump, the take-off is done with both feet at the same time [15], suggesting that there should be a better performance in the AJ the more symmetrical the player is, which is the opposite of what our results have shown.



On the contrary, some logical interrelations were found, which indicate that a higher performance in the CMJ and the AJ tests is related to a greater symmetry of the CS of the YBTD test. There is no doubt that balance is a necessary quality to be able to express force. This implies that a greater stability of the lower limbs would produce a greater force transmission capacity to the ground by the lower limbs of the volleyball players [62], which would have a clear influence on the height reached in the jump, or in the flight time, as we have found in this case.



Balance, on the other hand, is the most important predictor in lateral movements [63], in such a way that a deficit in this coordinative capacity would have some influence on agility. In this sense, our findings indicate that a greater symmetry in the CS of the YBT of the left leg (greater balance of the left leg) is related to a better performance in the T-test (less time to carry out the test), which suggests that the balance has some influence on the volleyball players’ performance.



Finally, the moderate negative interrelation found between the performance tests logically indicates that a shorter time spent in the T-test is related to a longer flight time in AJ (r = −0.65; p = 0.006). The same happens between the T-test and the flight time of the CMJ (r = −0.55; p = 0.01). This may be because all of these tests require the same type of muscle fibers, IIx.



According to our knowledge, this is the first research that addresses the problem of muscle symmetry using a large battery compose of ten tests that covers all of the conditional capacities of the volleyball player, trying to determine which tests can provide better information to detect muscle asymmetries. However, there is no doubt that the findings obtained with this work should be taken with prudence. In the first place, the number of participants limits the generalizability of the results, which in itself was not the aim of this work. It would also be necessary to include more athletes from other volleyball teams, which would allow us to use the type of mechanical performance model as a factor of discrimination. In addition, years of experience should also be taken into account as a factor that gradually, because of specialization, can increase lateral asymmetry. Although, Seminati et al. [64] determined that the most trained subjects showed the highest level of kinematic symmetry during running, so perhaps the performance lever factor is more appropriate than simply the years of experience.



On the other hand, it seems necessary to refine the evaluation in several tests. The T-test could be more suited to the performance model of each sport, or the EMG-AJ test. where it seems appropriate to explore another way of adjusting the EMG signal to the player’s movement and determining more concrete phases to calculate the RMS of the biosignal. Finally, establishing the compensation training experience (strength and flexibility) as an inclusion or exclusion criteria will allow for having a more homogeneous profile of the players.




5. Conclusions


In conclusion, the testing of the bilateral symmetry test battery, together with the performance tests, indicate that the bilateral symmetry tests of AKE, LS (obtained through tensiomyography), and YBT have a better relative and absolute reproducibility than the rest of the studied tests. This would allow us to establish the bilateral symmetry with reliability, in terms of mobility, dynamic flexibility, and the contractile properties of the muscular structures analyzed. On the bilateral symmetry tests of force production, a greater symmetry in the THTD seems to also indicate a greater lateral symmetry in 1RMSL, so both could be included in the bilateral force symmetry evaluation model. Finally, a greater symmetry in the composite score of the YBT in both legs seems to indicate a higher performance in the CMJ and in AJ test, that is, it seems that performance in the bilateral vertical jump tests, in volleyball players, is influenced by the lower limbs’ stability at the moment of force application.
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Figure 1. Volleyball player in the supine position with the knee joint fixed at 40° knee flexion angle for the evaluation of knee extensors. Positioning of the tensiomyography electrodes and sensor on the rectus femoris. 
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Figure 2. Sequence of the different phases of the attack jump in the Optojump™. 
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Figure 3. Lateral symmetry by tensiomyography graph of both of an athlete’s biceps femoris, where the absolute differences between the maximum radial displacement (Dm), contraction time (Tc), and delay time (Td) of the right and left leg can be viewed. Biceps femoris of the right leg shows a greater maximum radial muscle belly displacement, as well a greater reaction and contraction time than the left leg. 
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Figure 4. Superposition of two root mean square graphs of the rectus femoris of two-flight time measurement of a same athlete. 
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Table 1. Intraclass correlation coeficients (ICC), confidence interval, and coefficient of variations (CV) of six symmetry tests and three performance tests.






Table 1. Intraclass correlation coeficients (ICC), confidence interval, and coefficient of variations (CV) of six symmetry tests and three performance tests.





	
Test

	
Intraclass Correlation

	
95% Confidence Interval

	
CV (%)






	
Symmetry Test

	

	

	

	

	




	
YBT 1

	
Anterior RH 2

	
0.748

	
0.525

	
-

	
0.891

	
7.3




	
Posterolateral RH 3

	
0.847

	
0.641

	
-

	
0.941

	
5.2




	
Posteromedial RH 4

	
0.816

	
0.642

	
-

	
0.922

	
8.2




	
Anterior LH 5

	
0.757

	
0.550

	
-

	
0.894

	
9.9




	
Posterolateral LH 6

	
0.881

	
0.758

	
-

	
0.951

	
3.6




	
Posteromedial LH 7

	
0.780

	
0.581

	
-

	
0.905

	
5.4




	
AKE 8

	
Right

	
0.932

	
0.855

	
-

	
0.972

	
2.6




	
Left

	
0.926

	
0.849

	
-

	
0.969

	
1.7




	
THTD 9

	
Right

	
0.489

	
0.197

	
-

	
0.751

	
8.5




	
Left

	
0.761

	
0.518

	
-

	
0.903

	
8.7




	
SLSJ 10

	
Right

	
0.832

	
0.642

	
-

	
0.939

	
14.1




	
Left

	
0.922

	
0.817

	
-

	
0.973

	
12.3




	
LS by TMG

	
0.985

	
0.973

	
-

	
0.992

	
3.8




	
MEA-AJ 11

	
RMSRH 12

	
Take-off 13

	
0.697

	
0.443

	
-

	
0.847

	
38.2




	
Flight 14

	
0.456

	
0.107

	
-

	
0.705

	
60.3




	
Landing 15

	
0.822

	
0.652

	
-

	
0.914

	
40.6




	
RMSLH 16

	
Take-off 13

	
0.751

	
0.529

	
-

	
0.876

	
30.6




	
Flight 14

	
0.102

	
-0.270

	
-

	
0.452

	
128.8




	
Landing 15

	
0.656

	
0.380

	
-

	
0.825

	
78.5




	
Performance test

	

	

	

	

	




	
T-test

	
0.659

	
0.222

	
-

	
0.872

	
2.4




	
CMJ 17

	
0.870

	
0.730

	
-

	
0.948

	
4.4




	
AJ 18

	
0.823

	
0.244

	
-

	
0.950

	
2.8








1 Y-Balance Test; 2 anterior plane with right leg; 3 posterolateral plane with right leg; 4 posteromedial plane whit right leg; 5 anterior plane with left leg; 6 posterolateral plane with left leg; 7 posteromedial plane with left leg; 8 active knee extension; 9 triple hop test for distance; 10 single-leg squat jump; 11 muscular electrical activity during the attack jump; 12 root mean square right leg; 13 take-off phase; 14 flight phase; 15 landing phase; 16 root mean square left leg; 17 counter-movement jump; 18 attack jump.
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