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The purpose of this study was to examine differences in lower-body neuromuscular performance characteristics between ACL-injured athletes and their healthy counterparts, including peak take-off and landing force asymmetries. Forty-four semi-professional male soccer players volunteered to participate in the present investigation, from which 16 had previously undergone ACL reconstruction procedures and 28 were healthy controls. Following the warm-up completion, athletes performed three non-consecutive drop jumps (30 cm) with no arm swing while landing on a uni-axial force plate system sampling at 1,000 Hz. The injured athletes were screened nine months post-operative procedures and all athletes were active members of their respective soccer teams. The dependent variables included the force-time metrics within both the eccentric and concentric phases of the drop jump. Independent t-tests or Mann–Whitney U-tests were used to examine statistically significant (p < 0.05) differences in each variable (ACL-injured vs. healthy controls). The results revealed that ACL-injured athletes tend to display significantly lower jump heights (39.4%), shorter eccentric duration (21.1%), and greater peak drive-off force asymmetries (50.6%) when compared to their non-injured counterparts. Also, despite not reaching the level of statistical significance and being small-to-moderate in magnitude, ACL-injured participants attained shorter contact times (8.8%) and greater peak impact force asymmetry (16.1%).
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1 Introduction

Soccer is one of the most popular international sports that entails high physical and physiological demands (1), with players covering approximately 10–12.5 km during a single match (2). Besides the total distance covered at various intensities, accelerations/decelerations, change-of-direction, and landing maneuvers are commonly embedded in the game of soccer (3, 4). For example, the most commonly performed movement preceding a goal is a forward sprinting motion followed by rapid deceleration and change-of-direction (4). However, these movement patterns have been positively associated with an increased incidence of anterior cruciate ligament (ACL) injury events in male soccer players (5). While the ACL injury mechanism has been well-documented over the last two decades (6), the overall injury risk in soccer has remained unchanged (7). So, when taking into account the long-term negative consequences of ACL injuries (1, 8), including the reinjury risk (9), a deeper understanding of physiological performance characteristics (e.g., neuromuscular performance) following ACL injury in soccer players is of critical importance.

Bilateral compensatory strategies are commonly observed in patients after ACL injuries, particularly during jump-landing maneuvers (10–13). For instance, more than 10% of bilateral asymmetries in vertical ground reaction forces were found within both concentric and eccentric phases of countermovement vertical jump (CMJ) (12, 13). Precisely, considerably lower vertical ground reaction forces were observed in the ACL-injured vs. non-injured limb within a cohort of collegiate athletes (12, 13). Similarly, in male soccer players, a significant reduction in vertical ground reaction force and impulse has been reported in the ACL-injured limb within both eccentric and concentric phases of the CMJ when compared to the non-injured limb, as well as when compared to a group of healthy non-injured counterparts (11). However, despite CMJ being a simple and widely utilized functional weight-bearing task to assess movement patterns and lower-body force and power-producing capabilities (14–16), recent findings suggest that the CMJ may not be sufficiently demanding to detect persistent lower-limb movement deficits in soccer players even more than 11 months post-operative procedures (17). In addition, ACL injuries frequently occur during sudden deceleration movements, which further emphasizes the importance of eccentric force-producing capabilities (5, 18). Thus, in an applied sport-specific setting, the drop jump has been proposed as a more appropriate task for assessing bilateral asymmetries in ACL patients, as it more closely replicates the rapid deceleration and landing maneuvers (e.g., eccentric muscle contraction) associated with ACL injury risk patterns observed in the game of soccer (10).

To date, several studies have investigated bilateral asymmetries during drop jumps following ACL injuries (10, 19, 20). For instance, more asymmetrical peak impact forces, smaller in magnitude, were found during the drop jump test in ACL-injured individuals compared to healthy controls (20). Also, ACL-injured adolescents demonstrated lower jump height, greater inter-limb force production asymmetry, and peak impact force in comparison to their healthy counterparts (10). However, no significant group differences have been observed in contact time or within the eccentric and concentric phases of CMJ (10). Moreover, previous research found no differences in peak impact force between ACL-injured and healthy individuals within a group of collegiate athletes (19). Therefore, the current inconsistencies among various populations highlight the need for a better understanding of drop jump performance in ACL-injured individuals, particularly in male soccer players who are predisposed to an increased incidence of ACL injury through their competitive career (21), to improve rehabilitation strategies and return-to-play assessments.

Based on the currently available scientific literature and the knowledge gap, the purpose of the present study was to examine differences in lower-body force-time metrics between ACL-injured semi-professional male soccer players and their healthy counterparts, including take-off (i.e., concentric) and landing (i.e., eccentric) asymmetries in force production during a drop jump activity. Based on the previously published literature, it is hypothesized that the drop jump test would provide a sufficient stimulus for detecting between-group performance differences.



2 Materials and methods


2.1 Participants

Forty-four semi-professional male soccer players volunteered to participate in the present investigation, from which 16 were ACL-injured (age = 24.1 ± 4.7 years; body mass = 81.6 ± 9.8 kg; height = 182.7 ± 5.7 cm) and 28 non-injured (age = 21.7 ± 3.5 years; body mass = 77.4 ± 10.7 kg; height = 179.4 ± 8.3 cm) healthy athletes (i.e., control group). Participants were included in this study if they met the following criteria: (i) aged 18–30 years, (ii) sustained a complete ACL tear, (iii) underwent ACL reconstruction, (iv) completed a standardized nine-month rehabilitation protocol, (v) cleared by medical staff to participate in team training activities. Exclusion criteria were as follows: (i) history of additional knee injuries beyond an ACL tear and (ii) prior knee surgery (e.g., meniscus or medial collateral ligament repair). The control group encompassed athletes competing at the same level of play with no history of knee injury (e.g., ACL tear) and were active members of the semi-professional soccer team. To ensure consistency in surgical procedures and rehabilitation protocols, all the data was obtained from the same clinic. The study was approved by the University's Institutional Review Board, and all participants provided written informed consent before participation.



2.2 Procedures

Prior to the start of the testing procedures, all athletes completed a standardized warm-up consisting of a low-intensity run on a treadmill (i.e., 3–5 min) and a set of dynamic stretching exercises (e.g., high-knees, butt-kicks, A-skip). Following completion of the warm-up protocol, the athlete stepped on a wooden box (30 cm) positioned directly above the uni-axial force plate (ForceDecks Max, VALD Performance, Brisbane, Australia), sampling at 1,000 Hz. On the “go” command (i.e., 3-2-1-go), the athlete stepped off the box onto the force plates, quickly absorbing the landing impact (i.e., eccentric action), and immediately transitioning into a maximal-effort vertical jump (i.e., concentric action). Also, the athletes were instructed to focus on attaining minimal ground contact time (e.g., jump off the ground as quickly as possible, like landing on a hot surface) (22). The athletes were instructed to jump and land at approximately the same spot on the force plates and keep their hands on their hips during the entire movement (i.e., no arm swing). Each athlete completed a total of three jump trials, with the average value being used for performance analysis purposes. To minimize the possible influence of fatigue, each jump was separated by a 30–45 s rest interval.

The force-time metrics of interest examined in the present study were the following: jump height (i.e., maximum vertical displacement of the center of mass between takeoff and landing), contact time, reactive strength index (i.e., jump height measured via flight time calculation divided by the contact time; RSI), eccentric and concentric duration, and peak impact and drive-off and landing force (i.e., relative to athlete's body mass). Based on previously published research reports, these variables have demonstrated strong levels of validity and reliability for assessing lower-body neuromuscular performance characteristics (15, 23–25). In addition, the inter-limb peak impact and drive-off force asymmetries were calculated (i.e., [(right limb-left limb)/ ½ (right limb + left limb)] × 100%) (26). The drop landing was determined when the system mass exceeded the 20N threshold. The peak impact force was represented as the greatest passive force on the impact from the box drop (30 cm). The start of the concentric phase was defined as the upward movement where the athlete quickly accelerated after a brief landing on the force plates by extending their legs and rapidly pushing off the ground. Lastly, the peak drive-off force was characterized as the maximal active force (contraction-based force) observed during the concentric phase of the jumping movement. If needed, the detailed explanation can be found at the following website: https://valdhealth.com/news/understanding-the-drop-jump.



2.3 Statistical analysis

Shapiro–Wilk tests and Q-Q plots were used to examine the assumption of normality. Independent t-tests (mean and standard deviation) or Mann–Whitney U-tests (mean and interquartile range) were used to examine statistically significant between-group differences (i.e., ACL-injured vs. healthy), depending on whether the variable met or violated the assumption of normality, respectively. For normally distributed variables the effect sizes (Hedges' g) were calculated by dividing the mean difference between the two groups with the pooled standard deviation (i.e., g < 0.2—small; g = 0.2–0.5—medium; g > 0.8 large) and for non-normally distributed variables the effect sizes were calculated by dividing the Z-statistic with the square root of the sample size (i.e., r = Z/√N; r < 0.3 small; r = 0.3–0.5—medium; r > 0.5—large) (27, 28). The percent difference between two values was calculated by determining the absolute difference, dividing it by the mean of the two values, and multiplying the result by 100. The α level of p < 0.05 was used as a criterion for statistical significance. All statistical analysis procedures were completed in SPSS (Version 28.0; Chicago, IL, USA).




3 Results

Descriptive data and statistical comparisons for each dependent variable, including the effect sizes, can be found in Table 1. Between-group statistically significant differences were found in jump height, eccentric duration, and peak drive-off force asymmetry. Healthy non-injured athletes attained considerably greater jump heights (39.4%) when compared to their ACL-injured counterparts, while displaying longer times (21.1%) spent within the eccentric phase of the drop jump movement. Also, peak drive-off asymmetry was pronounced to a considerably greater extent (50.6%) in ACL-injured athletes than within healthy athletes (control group). Additionally, no statistically significant difference between the groups was found in body mass (p = 0.294), stature (p = 0.303), and age (p = 0.143).



TABLE 1 Descriptive statistics, mean and standard deviation (x¯ ± SD) or median and interquartile range (M[IQR]), for drop jump performance variables.



	Variable [unit]
	Healthy
	ACL-injured
	p-value [ES]





	Jump height [cm]
	38.0 ± 5.9
	25.5 ± 8.7*
	<0.001 [1.778]



	Contact time [sec]
	0.379 ± 0.084
	0.347 ± 0.098
	0.282 [0.359]



	RSI [ratio]
	1.54 [0.50]
	1.55 [0.96]
	0.798 [0.039]



	Eccentric duration [sec]
	0.210 ± 0.045
	0.170 ± 0.040*
	0.004 [0.924]



	Concentric duration [sec]
	0.169 ± 0.041
	0.177 ± 0.065
	0.669 [0.157]



	Peak impact force [N/kg]
	46.8 [25.8]
	40.6 [20.0]
	0.558 [0.088]



	Peak drive-off force [N/kg]
	29.7 [9.8]
	34.2 [13.7]
	0.227 [0.182]



	Peak impact force ASY [%]
	17.7 ± 10.8
	20.8 ± 14.1
	0.378 [0.257]



	Peak drive-off force ASY [%]
	9.0 ± 6.3
	15.1 ± 10.4*
	0.048 [0.762]




	*Significantly different when compared to healthy group of athletes (p < 0.05).


	ES, effect size (Hedge's g); ACL, anterior cruciate ligament; RSI, reactive strength index.









4 Discussion

The purpose of the present study was to examine differences in lower-body neuromuscular performance characteristics between ACL-injured semi-professional male soccer players and their healthy counterparts (i.e., control group). The findings generally supported the aforementioned hypothesis as multiple between-group differences in force-time metrics were observed. Specifically, significantly lower jump height (39.4%), shorter eccentric duration (21.1%), and greater peak drive-off force asymmetry (50.6%) were found in ACL-injured than healthy athletes. Also, while not reaching the level of statistical significance, it is worth noting that small-to-moderate effect size differences (g = 0.257–0.325) were observed in contact time and peak impact force asymmetry. The ACL-injured participants attained shorter contact times (8.8%) and greater peak impact force asymmetry (16.1%).

In an applied sport setting, drop jump and its variations (e.g., bilateral or unilateral) have been widely used as a valid and reliable field-based test for the assessment of ACL-injury risk and athletes' return-to-play readiness status (29–35). For example, Kostifaki et al. (31) found that jump height was significantly lower in injured than non-injured athletes, which aligns with the results obtained in the present investigation. Similarly, when studying a cohort of collegiate athletes, Lem et al. (19) found that participants who underwent ACL reconstruction attained 21.6% lower jump heights than their non-injured teammates matched by activity level, age, sex, and anthropometric characteristics. Also, the presence of this post-operative performance decrement in drop jump height was noted in multiple research reports, especially within the 7–10-month period (19, 30, 32), which matches with the testing timeline implemented in this study (i.e., nine months post-ACL reconstruction). However, previous research has also found that the decrease in jump height was commonly accompanied by a reduction in RSI (30–32). These findings are contradictory to the results obtained in the present investigation, as no difference in RSI between injured and non-injured semi-professional soccer players was noted (<1%). While further research is warranted on this topic, this discrepancy could be attributed to the complexity of the drop jump testing procedures (e.g., unilateral vs. bilateral jumps and box height), training status (e.g., recreational active individuals vs. athletes), as well as the sex-specific biomechanical differences (e.g., increased knee valgus and higher ground reaction forces) (36–38).

The aforementioned biomechanical differences could also contribute to shorter eccentric durations (21.1%) observed within ACL-injured athletes compared to their healthy counterparts (33, 39, 40). For instance, during the eccentric phase of the drop jump movement, the muscles are actively lengthening to absorb the impact, which lasts from the initial contact with the ground until the body reaches zero velocity (40, 41). Previous research has found that female athletes who underwent ACL reconstruction tend to display altered landing kinematics than their non-injured teammates (35). Specifically, ACL-injured athletes had a significant reduction in peak knee flexion (62.0 vs. 69.5 deg) and adduction (3.0 vs. 8.9 deg) compared to non-injured athletes (35). Thus, we can assume that these biomechanical alterations did not allow athletes to adequately absorb the landing impact (e.g., stiffer landing), which ultimately resulted in shorter time spent within the eccentric phase of the jumping movement (11). Also, similar changes in jump kinematics were observed in soccer players who did not even sustain an ACL tear but had a history of lower-body injury, resulting in increased knee valgus angle and decreased knee flexion (33). In addition, despite not reaching the level of statistical significance, it should be noted that overall contact times observed in the present study were slightly longer (8.8%) in healthy than in ACL-injured athletes. When considering that trivial between-group differences were observed in concentric duration, we can assume that the decrease in eccentric duration caused by alterations in landing biomechanics could be one of the key factors that caused this slight decrement in the overall contact time.

Besides being focused on analyzing the jump height, RSI, and contraction times, asymmetries in force production need to be incorporated into the analysis procedures to obtain a comprehensive insight into athletes' readiness or return-to-play status. For example, a recently published study indicated that individuals after ACL reconstruction displayed asymmetries in relative muscle contribution 10 months post-operative procedures, implying altered muscle coordination strategies (31). While asymmetries are prevalent in team sports such as basketball, volleyball, and handball, they do not seem to impair an athlete's performance (42). Still, certain asymmetries and alterations in movement patterns that seem to be absent before injury and tend to appear in response to the injury (e.g., knee-extension moment) could be an issue if they remain unresolved (39, 42). These research reports align with the findings obtained in the present investigation. For example, the asymmetries in peak impact force were present in both ACL-injured and healthy athletes and were not significantly different between the groups (16.1%). However, when examining the asymmetries in peak drive-off force during the concentric phase of the drop jump, notable differences were observed, with ACL-injured athletes demonstrating greater asymmetry magnitudes (50.6%). While further research is warranted on this topic, a possible explanation can be the implementation of compensatory offloading strategies used to protect the injured limb during various athletic performance tasks such as drop jump (11). Also, it has been found that these asymmetries in force-producing capabilities may persist even after nine-month-long rehabilitation programs, which further solidifies the importance of longitudinal athlete tracking and obtaining baseline data (i.e., pre-injury data) to objectively quantify the athletes' progress over time (11, 43).

While providing a deeper insight into the difference in lower-body neuromuscular performance characteristics between ACL-injured and healthy semi-professional soccer players, this study is not without limitations. The lack of pre-injury data for each athlete (e.g., baseline) is one of the main limitations of this investigation, as this type of data could provide detailed pre-post-performance assessment on a within-subject basis. Also, the cohort of participants was relatively uniform, comprising only semi-professional soccer players competing at a similar level of play. So, further research is warranted to explore whether these findings are consistent across different competitive levels (e.g., collegiate, professional) and various team and individual sports (e.g., basketball, tennis), as well as if they are sex-specific.

In conclusion, the results of the present study revealed that ACL-injured athletes tend to display significantly lower jump heights (39.4%), shorter eccentric duration (21.1%), and greater peak drive-off force asymmetry (50.6%) when compared to their healthy non-injured counterparts. Overall, these findings highlight the effectiveness of the drop jump test performed on a dual uni-axial force plate system as a simple and non-invasive testing method that can provide a deeper insight into athletes' lower-body neuromuscular performance characteristics, including force-producing asymmetry measures. This can help coaches, sports scientists, and strength and conditioning practitioners identify performance deficiencies that may predispose athletes to greater injury risk as well as help optimize post-injury recovery progress and return-to-play readiness.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The studies involving humans were approved by University of Iceland Institutional Review Board. The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study.



Author contributions

DiC: Conceptualization, Investigation, Methodology, Writing – original draft, Writing – review & editing. DaC: Conceptualization, Investigation, Methodology, Writing – original draft, Writing – review & editing. YS: Writing – original draft, Writing – review & editing. AF: Writing – original draft, Writing – review & editing. TG: Writing – original draft, Writing – review & editing. MP: Conceptualization, Investigation, Methodology, Writing – original draft, Writing – review & editing.



Funding

The author(s) declare that no financial support was received for the research and/or publication of this article.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Generative AI statement

The author(s) declare that no Generative AI was used in the creation of this manuscript.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References


	1. Rekik RN, Tabben M, Eirale C, Landreau P, Bouras R, Wilson MG, et al. ACL injury incidence, severity and patterns in professional male soccer players in a middle eastern league. BMJ Open Sport Exerc Med. (2018) 4(1):e000461. doi: 10.1136/bmjsem-2018-000461


	2. Bradley PS, Carling C, Diaz AG, Hood P, Barnes C, Ade J, et al. Match performance and physical capacity of players in the top three competitive standards of English professional soccer. Hum Mov Sci. (2013) 32(4):808–21. doi: 10.1016/j.humov.2013.06.002


	3. Bloomfield J, Polman R, O'Donoghue P. Turning movements performed during FA premier league soccer matches. J Sports Sci Med. (2007) 6(10):9–10.


	4. Martinez-Hernandez D, Quinn M, Jones P. Linear advancing actions followed by deceleration and turn are the most common movements preceding goals in male professional soccer. Sci Med Footb. (2023) 7(1):25–33. doi: 10.1080/24733938.2022.2030064


	5. Della Villa F, Buckthorpe M, Grassi A, Nabiuzzi A, Tosarelli F, Zaffagnini S, et al. Systematic video analysis of ACL injuries in professional male football (soccer): injury mechanisms, situational patterns and biomechanics study on 134 consecutive cases. Br J Sports Med. (2020) 54(23):1423–32. doi: 10.1136/bjsports-2019-101247


	6. Dai B, Mao D, Garrett WE, Yu B. Anterior cruciate ligament injuries in soccer: loading mechanisms, risk factors, and prevention programs. J Sport Health Sci. (2014) 3(4):299–306. doi: 10.1016/j.jshs.2014.06.002


	7. Walden M, Hagglund M, Magnusson H, Ekstrand J. ACL Injuries in men’s professional football: a 15-year prospective study on time trends and return-to-play rates reveals only 65% of players still play at the top level 3 years after ACL rupture. Br J Sports Med. (2016) 50(12):744–50. doi: 10.1136/bjsports-2015-095952


	8. Poulsen E, Goncalves GH, Bricca A, Roos EM, Thorlund JB, Juhl CB. Knee osteoarthritis risk is increased 4–6 fold after knee injury—a systematic review and meta-analysis. Br J Sports Med. (2019) 53(23):1454. doi: 10.1136/bjsports-2018-100022


	9. Kamath GV, Murphy T, Creighton RA, Viradia N, Taft TN, Spang JT. Anterior cruciate ligament injury, return to play, and reinjury in the elite collegiate athlete: analysis of an NCAA division-I cohort. Am J Sports Med. (2014) 42(7):1638–43. doi: 10.1177/0363546514524164


	10. Bakal DR, Morgan JJ, Lyons SM, Chan SK, Kraus EA, Shea KG. Analysis of limb kinetic asymmetry during a drop vertical jump in adolescents post anterior cruciate ligament reconstruction. Clin Biomech. (2022) 100:105794. doi: 10.1016/j.clinbiomech.2022.105794


	11. Read PJ, Michael Auliffe S, Wilson MG, Graham-Smith P. Lower limb kinetic asymmetries in professional soccer players with and without anterior cruciate ligament reconstruction: nine months is not enough time to restore “functional” symmetry or return to performance. Am J Sports Med. (2020) 48(6):1365–73. doi: 10.1177/0363546520912218


	12. Song Y, Li L, Jensen MA, Dai B. Jump-landing kinetic asymmetries persisted despite symmetric squat kinetics in collegiate athletes following anterior cruciate ligament reconstruction. Sports Biomech. (2023):1–14. doi: 10.1080/14763141.2023.2207552


	13. Song Y, Li L, Jensen MA, Dai B. Using trunk kinematics to predict kinetic asymmetries during double-leg jump-landings in collegiate athletes following anterior cruciate ligament reconstruction. Gait Posture. (2023) 102:80–5. doi: 10.1016/j.gaitpost.2023.03.003


	14. Cabarkapa D, Philipp N, Cabarkapa D, Eserhaut D, Fry A. Comparison of force-time metrics between countermovement vertical jump with and without an arm swing in professional basketball players. Int J Strength Cond. (2023) 3(1):1–7. doi: 10.47206/ijsc.v3i1.197


	15. Cabarkapa D, Johnson QR, Cabarkapa DV, Philipp NM, Eserhaut DA, Fry AC. Changes in countermovement vertical jump force-time metrics during a game in professional male basketball players. J Strength Cond Res. (2024) 38(7):1326–9. doi: 10.1519/JSC.0000000000004795


	16. Philipp N, Cabarkapa D, Eserhaut D, Cabarkapa D, Fry A. Countermovement jump force-time metrics and maximal horizontal deceleration performance in professional male basketball players. J Appl Sports Sci. (2022) 6:11–27. doi: 10.37393/JASS.2022.02.2


	17. Cabarkapa D, Cabarkapa DV, Fry AC, Song Y, Gisladottir T, Petrovic M. Comparison of vertical jump force–time metrics between acl-injured and healthy semi-professional male and female soccer players. Sports. (2024) 12(12):339. doi: 10.3390/sports12120339


	18. Hughes G, Musco P, Caine S, Howe L. Lower limb asymmetry after anterior cruciate ligament reconstruction in adolescent athletes: a systematic review and meta-analysis. J Athl Train. (2020) 55(8):811. doi: 10.4085/1062-6050-0244-19


	19. Lem HW, Cheng SC, Chang HY, Hung MH, Yeh WL. Single leg drop jump performance identifies functional deficit in collegiate athletes who have returned to sports after ACL reconstruction: a case-control study. Medicine (Baltimore). (2022) 101(49):e31790. doi: 10.1097/MD.0000000000031790


	20. Paterno MV, Schmitt LC, Ford KR, Rauh MJ, Myer GD, Hewett TE. Effects of sex on compensatory landing strategies upon return to sport after anterior cruciate ligament reconstruction. J Orthop Sports Phys Ther. (2011) 41(8):553–9. doi: 10.2519/jospt.2011.3591


	21. Agel J, Rockwood T, Klossner D. Collegiate ACL injury rates across 15 sports: national collegiate athletic association injury surveillance system data update (2004–2005 through 2012–2013). Clin J Sport Med. (2016) 26(6):518–23. doi: 10.1097/JSM.0000000000000290


	22. Pedley JS, Lloyd RS, Read P, Moore IS, Oliver JL. Drop jump: a technical model for scientific application. Strength Cond J. (2017) 39(5):36–44. doi: 10.1519/SSC.0000000000000331


	23. Collings TJ, Lima YL, Dutaillis B, Bourne MN. Concurrent validity and test-retest reliability of VALD ForceDecks’ strength, balance, and movement assessment tests. J Sci Med Sport. (2024) 27(8):572–80. doi: 10.1016/j.jsams.2024.04.014


	24. Cabarkapa D, Cabarkapa DV, Nagy D, Szabo K, Balogh L, Safar S, et al. Differences in anthropometric and vertical jump force-time characteristics between U16 and U18 female basketball players. Front Sports Act Living. (2024) 6:1425475. doi: 10.3389/fspor.2024.1425475


	25. Merrigan JJ, Strang A, Eckerle J, Mackowski N, Hierholzer K, Ray NT, et al. Countermovement jump force-time curve analyses: reliability and comparability across force plate systems. J Strength Cond Res. (2024) 38(1):30–7. doi: 10.1519/JSC.0000000000004586


	26. Bell DR, Sanfilippo JL, Binkley N, Heiderscheit BC. Lean mass asymmetry influences force and power asymmetry during jumping in collegiate athletes. J Strength Cond Res. (2014) 28(4):884–91. doi: 10.1519/JSC.0000000000000367


	27. Hasan S. Effects of plyometric vs. Strength training on strength, sprint, and functional performance in soccer players: a randomized controlled trial. Sci Rep. (2023) 13(1):4256. doi: 10.1038/s41598-023-31375-4


	28. Cohen J. Statistical Power Analysis for the Behavioral Sciences. New York, NY: Routledge Academic (1988).


	29. Redler LH, Watling JP, Dennis ER, Swart E, Ahmad CS. Reliability of a field-based drop vertical jump screening test for ACL injury risk assessment. Phys Sports Med. (2016) 44(1):46–52. doi: 10.1080/00913847.2016.1131107


	30. Giacomazzo Q, Picot B, Chamu T, Samozino P, Pairot de Fontenay B. Impaired symmetry in single-leg vertical jump and drop jump performance 7 months after ACL reconstruction. Orthop J Sports Med. (2024) 12(8):23259671241263794. doi: 10.1177/23259671241263794


	31. Kotsifaki A, Van Rossom S, Whiteley R, Korakakis V, Bahr R, Sideris V, et al. Single-leg vertical jump performance identifies knee function deficits at return to sport after ACL reconstruction in male athletes. Br J Sports Med. (2022) 56(9):490–8. doi: 10.1136/bjsports-2021-104692


	32. Ohji S, Aizawa J, Hirohata K, Ohmi T, Kawasaki T, Koga H, et al. Relationship between single-leg vertical jump and drop jump performance and return to sports after primary anterior cruciate ligament reconstruction using hamstring graft. Int J Sports Phys Ther. (2024) 19(10):1204. doi: 10.26603/001c.123479


	33. Daoukas S, Malliaropoulos N, Maffulli N. ACL Biomechanical risk factors on single-leg drop-jump: a cohort study comparing football players with and without history of lower limb injury. Muscles Ligaments Tendons J. (2019) 9(1):70–5. doi: 10.32098/mltj.01.2019.16


	34. Kotsifaki R, Sideris V, King E, Bahr R, Whiteley R. Performance and symmetry measures during vertical jump testing at return to sport after ACL reconstruction. Br J Sports Med. (2023) 57(20):1304–10. doi: 10.1136/bjsports-2022-106588


	35. Delahunt E, Sweeney L, Chawke M, Kelleher J, Murphy K, Patterson M, et al. Lower limb kinematic alterations during drop vertical jumps in female athletes who have undergone anterior cruciate ligament reconstruction. J Orthop Res. (2012) 30(1):72–8. doi: 10.1002/jor.21504


	36. Maloney SJ, Richards J, Fletcher IM. A comparison of bilateral and unilateral drop jumping tasks in the assessment of vertical stiffness. J Appl Biomech. (2018) 34(3):199–204. doi: 10.1123/jab.2017-0094


	37. Pappas E, Hagins M, Sheikhzadeh A, Nordin M, Rose D. Biomechanical differences between unilateral and bilateral landings from a jump: gender differences. Clin J Sport Med. (2007) 17(4):263–8. doi: 10.1097/JSM.0b013e31811f415b


	38. Peng HT, Kernozek TW, Song CY. Quadricep and hamstring activation during drop jumps with changes in drop height. Phys Ther Sport. (2011) 12(3):127–32. doi: 10.1016/j.ptsp.2010.10.001


	39. Lepley AS, Kuenze CM. Hip and knee kinematics and kinetics during landing tasks after anterior cruciate ligament reconstruction: a systematic review and meta-analysis. J Athl Train. (2018) 53(2):144–59. doi: 10.4085/1062-6050-334-16


	40. Philipp NM, Cabarkapa D, Eserhaut DA, Yu D, Fry AC. Repeat sprint fatigue and altered neuromuscular performance in recreationally trained basketball players. PLoS One. (2023) 18(7):e0288736. doi: 10.1371/journal.pone.0288736


	41. Turner AN, Jeffreys I. The stretch-shortening cycle: proposed mechanisms and methods for enhancement. Strength Cond J. (2010) 32(4):87–99. doi: 10.1519/SSC.0b013e3181e928f9


	42. Afonso J, Pena J, Sa M, Virgile A, García-de-Alcaraz A, Bishop C. Why sports should embrace bilateral asymmetry: a narrative review. Symmetry. (2022) 14(10):1993. doi: 10.3390/sym14101993


	43. Thomson A, Einarsson E, Hansen C, Bleakley C, Whiteley R. Marked asymmetry in vertical force (but not contact times) during running in ACL reconstructed athletes <9 months post-surgery despite meeting functional criteria for return to sport. J Sci Med Sport. (2018) 21(9):890–3. doi: 10.1016/j.jsams.2018.02.009







OPS/images/cover.jpg
, frontiers ‘ Frontiers Sports and Active Living

Drop jump performance
differences between ACL-injured
and healthy semi-professional
male soccer players








OPS/images/crossmark.jpg
(®) Check for updates.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Drop jump performance differences between ACL-injured and healthy semi-professional male soccer players

		1 Introduction



		2 Materials and methods



		2.1 Participants



		2.2 Procedures



		2.3 Statistical analysis











		3 Results



		4 Discussion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Generative AI statement



		Publisher's note



		References



















OPS/images/logo.jpg
, frontiers ‘ Frontiers in Sports and Active Living





