
منابع

Altini M, Kinnunen H (2021) The promise of sleep: a multi-sensor approach for accurate sleep stage detection using the Oura ring. 
Sensors (Basel) 21(13). https://doi.org/10.3390/s21134302

Bouchard C, Sarzynski MA, Rice TK, Kraus WE, Church TS, Sung YJ et al (2011) Genomic predictors of the maximal O(2) up-
take response to standardized exercise training programs. J Appl Physiol (1985) 110(5):1160-1170. https://doi.org/10.1152/jap-
plphysiol.00973.2010 Del Giudice M, Bonafiglia JT, Islam H, Preobrazenski N, Amato A, Gurd BJ (2020) Investigating the 
reproducibility of maximal oxygen uptake responses to high-intensity interval training. J Sci Med Sport 23(1):94-99. https://doi.
org/10.1016/j.jsams.2019.09.007

Düking P, Hotho A, Holmberg HC, Fuss FK, Sperlich B (2016) Comparison of non-invasive individual monitoring of the train-
ing and health of athletes with commercially available wearable technologies. Front Physiol 7:71. https://doi.org/10.3389/
fphys.2016.00071 Düking P, Giessing L, Frenkel MO, Koehler K, Holmberg HC, Sperlich B (2020) Wrist-worn wearables for 
monitoring heart rate and energy expenditure while sitting or performing light-to- vigorous physical activity: validation study. 
JMIR Mhealth Uhealth 8(5):e16716. https://doi. org/10.2196/16716

Duking P, Holmberg HC, Kunz P, Leppich R, Sperlich B (2020) Intra-individual physiological response of recreational runners to 
different training mesocycles: a randomized cross-over study. Eur J Appl Physiol. https://doi.org/10.1007/s00421-020-04477-4

Islam H, Bonafiglia JT, Del Giudice M, Pathmarajan R, Simpson CA, Quadrilatero J, Gurd BJ (2021) Repeatability of training-induced 
skeletal muscle adaptations in active young males. J Sci Med Sport 24(5):494-498. https://doi.org/10.1016/j.jsams.2020.10.016

Karavirta L, Hakkinen K, Kauhanen A, Arija-Blazquez A, Sillanpaa E, Rinkinen N, Hakkinen A (2011) Individual responses to com-
bined endurance and strength training in older adults. Med Sci Sports Exerc 43(3):484-490. https://doi.org/10.1249/MSS.0b013e-
3181f1bf0d

Kercher VM, Kercher K, Bennion T, Levy P, Alexander C, Amaral PC et al (2022) 2022 Fitness Trends from Around the Globe. 
ACSM’s Health Fitness J 26(1):21-37

Radnor JM, Lloyd RS, Oliver JL (2017) Individual response to different forms of resistance training in school-aged boys. J Strength 
Cond Res 31(3):787-797. https://doi.org/10.1519/JSC. 0000000000001527

Raeder C, Wiewelhove T, Schneider C, Döweling A, Kellmann M, Meyer T et al (2017) Effects of active recovery on muscle function 
following high-intensity training sessions in elite Olympic weightlifters. Adv Skeletal Muscle Funct Assess 1(1):3-12

Schelling X, Robertson S (2020) A development framework for decision support systems in high- performance sport. Int J Comput 
Sci Sport 19(1):1-23

Sperlich B (2019) Editorial. B&G - Bewegungstherapie & Gesundheitssport, 02/2019 Waldrop MM (2016) The chips are down for 
Moore’s law. Nature 530(7589):144-147. https://doi. org/10.1038/530144a

Wali Van Lohuizen CW (1986) Knowledge management and policymaking. Knowledge 8(1):12-38. https://doi.
org/10.1177/107554708600800102

Wiewelhove T, Thase C, Glahn M, Hessel A, Schneider C, Hottenrott L et al (2021) Repeatability of the individual response to the use 
of active recovery the day after high-intensity interval training: a double-crossover trial. Int J Sports Physiol Perform 16(8):1160-
1168. https://doi.org/ 10.1123/ijspp.2020-0671

Zinner C, Olstad DS, Sperlich B (2018) Mesocycles with different training intensity distribution in recreational runners. Med Sci 
Sports Exerc. https://doi.org/10.1249/MSS.0000000000001599

منابع
Altini M, Amft O (2016) HRV4Training: large-scale longitudinal training load analysis in uncon- strained free-living settings using a 

smartphone application. In 2016 38th Annual International Conference of the IEEE Engineering in Medicine and Biology Society 
(EMBC) 2016 Aug 16 (pp. 2610-2613). IEEE

Altini M, Plews D (2021) What is behind changes in resting heart rate and heart rate variability? A large-scale analysis of longi-
tudinal measurements acquired in free-living. Sensors 21(23):7932 Bellenger CR, Miller D, Halson SL, Roach G, Sargent C 
(2021) Wrist-based photoplethysmography assessment of heart rate and heart rate variability: validation of WHOOP. Sensors 
21(10):3571

Buchheit M (2014) Monitoring training status with HR measures: do all roads lead to Rome? Front Physiol 5:73
Buchheit M, Chivot A, Parouty J, Mercier D, Al Haddad H, Laursen PB, Ahmaidi S (2010) Monitoring endurance running perfor-

mance using cardiac parasympathetic function. Eur J Appl Physiol 108(6):1153-1167
Düking P, Zinner C, Trabelsi K, Reed JL, Holmberg HC, Kunz P, Sperlich B (2021) Monitoring and adapting endurance training on 

the basis of heart rate variability monitored by wearable technologies: a systematic review with meta-analysis. J Sci Med Sport 
24(11):1180–1192 Granero-Gallegos A, González-Quílez A, Plews D, Carrasco-Poyatos M (2020) HRV-based train- ing for 
improving VO2max in endurance athletes. A systematic review with meta-analysis. Int J Environ Res Public Health 17(21):7999

Hernando D, Roca S, Sancho J, Alesanco Á, Bailón R (2018) Validation of the apple watch for heart rate variability measurements 
during relax and mental stress in healthy subjects. Sensors 18(8): 2619

Javaloyes A, Sarabia JM, Lamberts RP, Moya-Ramon M (2019) Training prescription guided by heart-rate variability in cycling. Int 
J Sports Physiol Perform 14(1):23-32

Katona PG, McLean MA, Dighton DH, Guz AB (1982) Sympathetic and parasympathetic cardiac
control in athletes and nonathletes at rest. J Appl Physiol 52(6):1652–1657
Kiviniemi AM, Hautala AJ, Kinnunen H, Tulppo MP (2007) Endurance training guided individu- ally by daily heart rate variability 

measurements. Eur J Appl Physiol 101(6):743-751 Kokts-Porietis RL, Minichiello NR, Doyle-Baker PK (2020) The effect of the 
menstrual cycle on daily measures of heart rate variability in athletic women. J Psychophysiol 34:60-68 Mishica C, Kyröläinen 
H, Hynynen E, Nummela A, Holmberg HC, Linnamo V (2022) Evaluation of nocturnal vs. morning measures of heart rate indices 
in young athletes. PLoS One 17(1): e0262333



Nuuttila OP, Korhonen E, Laukkanen J, Kyröläinen H (2022) Validity of the wrist-worn polar vantage V2 to measure heart rate and 
heart rate variability at rest. Sensors 22(1):137 Pichot, V., Roche, F., Gaspoz, J. M., Enjolras, F., Antoniadis, A., Minini, P. & 
Barthelemy, J. C. (2000). Relation between heart rate variability and training load in middle-distance runners. Med Sci Sports 
Exerc, 32(10), 1729-1736

Plews DJ, Laursen PB, Kilding AE, Buchheit M (2012) Heart rate variability in elite triathletes, is variation in variability the key to 
effective training? A case comparison. Eur J Appl Physiol 112(11):3729-3741

Plews DJ, Laursen PB, Stanley J, Kilding AE, Buchheit M (2013) Training adaptation and heart rate variability in elite endurance 
athletes: opening the door to effective monitoring. Sports Med 43(9):773-781

Plews, D.J., Laursen, P.B., Kilding, A.E., & Buchheit, M. (2014). Heart rate variability and training intensity distribution in elite 
rowers. Int J Sports Physiol Perform 9, 1026-1032

Plews DJ, Scott B, Altini M, Wood M, Kilding AE, Laursen PB (2017) Comparison of heart-rate- variability recording with smart-
phone photoplethysmography, Polar H7 chest strap, and elec- trocardiography. Int J Sports Physiol Perform 12(10):1324-1328

Pomeranz B, Macaulay RJ, Caudill MA, Kutz I, Adam D, Gordon DA, Kilborn KM, Barger AC, Shannon DC, Cohen RJ (1985) 
Assessment of autonomic function in humans by heart rate spectral analysis. Am J Phys Heart Circ Phys 248(1):H151-H153

Russo MA, Santarelli DM, O’Rourke D (2017) The physiological effects of slow breathing in the healthy human. Breathe 13(4):298–
309

Stanley, Jamie, Shaun D’Auria, and Martin Buchheit (2015) Cardiac parasympathetic activity and race performance: an elite triathlete 
case study. IJSPP 10.4

Stone JD, Ulman HK, Tran K, Thompson AG, Halter MD, Ramadan JH, Stephenson M, Finomore VS Jr, Galster SM, Rezai AR, 
Hagen JA (2021) Assessing the accuracy of popular commercial technologies that measure resting heart rate and heart rate vari-
ability. Front Sports Active Living 37

Vesterinen V, Nummela A, Heikura I, Laine T, Hynynen E, Botella J, Häkkinen K (2016) Individual endurance training prescription 
with heart rate variability. Med Sci Sports Exerc 48(7(

منابع 

Alcazar J, Cornejo-Daza PJ, Sanchez-Valdepenas J, Alegre LM, Pareja-Blanco F (2021) Dose- response relationship between velocity 
loss during resistance training and changes in the squat force-velocity relationship. Int J Sports Physiol Perform 16(12):1736-
1745. https://doi.org/10. 1123/ijspp.2020-0692

Andersen V, Paulsen G, Stien N, Baarholm M, Seynnes O, Saeterbakken AH (2021) Resistance training with different veloc-
ity loss thresholds induce similar changes in strength and hypertro- phy. J Strength Cond Res. https://doi.org/10.1519/
JSC.0000000000004067 Balsalobre-Fernandez C, Marchante D, Baz-Valle E, Alonso-Molero I, Jimenez SL, Munoz-Lopez M 
(2017) Analysis of wearable and smartphone-based technologies for the measurement of barbell velocity in different resistance 
training exercises. Front Physiol 8:649. https://doi.org/10. 3389/fphys.2017.00649

Balsalobre-Fernandez C, Marchante D, Munoz-Lopez M, Jimenez SL (2018) Validity and reliabil- ity of a novel iPhone app for the 
measurement of barbell velocity and 1RM on the bench-press exercise. J Sports Sci 36(1):64-70. https://doi.org/10.1080/02640
414.2017.1280610 Balsalobre-Fernandez C, Geiser G, Krzyszkowski J, Kipp K (2020) Validity and reliability of a computer-vi-
sion-based smartphone app for measuring barbell trajectory during the snatch. J Sports Sci 38(6):710-716. https://doi.org/10.10
80/02640414.2020.1729453

Banyard HG, Nosaka K, Sato K, Haff GG (2017) Validity of various methods for determining velocity, force, and power in the back 
squat. Int J Sports Physiol Perform 12(9):1170-1176. https://doi.org/10.1123/ijspp.2016-0627

Banyard HG, Nosaka K, Vernon AD, Haff GG (2018) The reliability of individualized load- velocity profiles. Int J Sports Physiol 
Perform 13(6):763-769. https://doi.org/10.1123/ijspp. 2017-0610

Banyard HG, Tufano JJ, Weakley JJS, Wu S, Jukic I, Nosaka K (2021) Superior changes in jump, sprint, and change-of-direction 
performance but not maximal strength following 6 weeks of velocity-based training compared with 1-repetition-maximum per-
centage-based training. Int J Sports Physiol Perform 16(2):232-242. https://doi.org/10.1123/ijspp.2019-0999

Beckham GK, Layne DK, Kim SB, Martin EA, Perez BG, Adams KJ (2019) Reliability and criterion validity of the Assess2Perform 
Bar Sensei. Sports (Basel) 7(11). https://doi.org/10. 3390/sports7110230

Conceicao F, Fernandes J, Lewis M, Gonzalez-Badillo JJ, Jimenez-Reyes P (2016) Movement velocity as a measure of exercise inten-
sity in three lower limb exercises. J Sports Sci 34(12): 1099-1106. https://doi.org/10.1080/02640414.2015.1090010

Dorrell HF, Smith MF, Gee TI (2020) Comparison of velocity-based and traditional percentage- based loading methods on maximal 
strength and power adaptations. J Strength Cond Res 34(1): 46-53. https://doi.org/10.1519/JSC.0000000000003089

Fahs CA, Blumkaitis JC, Rossow LM (2019) Factors related to average concentric velocity of four barbell exercises at various loads. 
J Strength Cond Res 33(3):597–605. https://doi.org/10.1519/ JSC.0000000000003043

Fernandes JFT, Lamb KL, Clark CCT, Moran J, Drury B, Garcia-Ramos A, Twist C (2021) Comparison of the FitroDyne and Gy-
mAware rotary encoders for quantifying peak and mean velocity during traditional multijointed exercises. J Strength Cond Res 
35(6):1760-1765. https://doi.org/10.1519/JSC.0000000000002952

Feuerbacher JF, Jacobs MW, Dragutinovic B, Goldmann J-P, Cheng S, Schumann M (2021) Validity and test-retest reliability of 
the Vmaxpro sensor for evaluation of movement velocity in the deep squat. J Strength Cond Res. https://doi.org/10.1519/
jsc.0000000000004207 Galiano C, Pareja-Blanco F, Hidalgo de Mora J, Saez de Villarreal E (2022) Low-velocity loss induc-
es similar strength gains to moderate-velocity loss during resistance training. J Strength Cond Res 36(2):340-345. https://doi.
org/10.1519/JSC.0000000000003487

Garcia-Ramos A, Haff GG, Pestana-Melero FL, Perez-Castilla A, Rojas FJ, Balsalobre-Fernandez- C, Jaric S (2018a) Feasibility 
of the 2-point method for determining the 1-repetition maximum in the bench press exercise. Int J Sports Physiol Perform 
13(4):474–481. https://doi.org/10. 1123/jspp.2017-0374

Garcia-Ramos A, Pestana-Melero FL, Perez-Castilla A, Rojas FJ, Haff GG (2018b) Differences in the load-velocity profile between 4 
bench-press variants. Int J Sports Physiol Perform 13(3): 326-331. https://doi.org/10.1123/ijspp.2017-0158



Gonzalez-Badillo JJ, Sanchez-Medina L (2010) Movement velocity as a measure of loading intensity in resistance training. Int J 
Sports Med 31(5):347-352. https://doi.org/10.1055/s- 0030-1248333

Held S, Hecksteden A, Meyer T, Donath L (2021) Improved strength and recovery after velocity- based training: a randomized con-
trolled trial. Int J Sports Physiol Perform 16(8):1185-1193. https://doi.org/10.1123/jspp.2020-0451

Held S, Speer K, Rappelt L, Wicker P, Donath L (2022) The effectiveness of traditional vs. velocity-based strength training on 
explosive and maximal strength performance: a network meta-analysis. Front Physiol 13:926972. https://doi.org/10.3389/
fphys.2022.926972 Hill AV (1938) The heat of shortening and the dynamic constants of muscle. Proc R Soc Lond Ser B Biol Sci 
126(843):136-195

Jimenez-Reyes P, Castano-Zambudio A, Cuadrado-Penafiel V, Gonzalez-Hernandez JM, Capelo- Ramirez F, Martinez-Aranda LM, 
Gonzalez-Badillo JJ (2021) Differences between adjusted vs. non-adjusted loads in velocity-based training: consequences for 
strength training control and programming. PeerJ 9:e10942. https://doi.org/10.7717/peerj.10942

Kraemer, W. J., Ratamess, N. A., Fry, A. C., French, D. N., Maud, P. J., & Foster, C. C. (1995). Strength training: development and 
evaluation of methodology

Lake J, Augustus S, Austin K, Comfort P, McMahon J, Mundy P, Haff GG (2019) The reliability and validity of the bar-mounted 
PUSH Band(TM) 2.0 during bench press with moderate and heavy loads. J Sports Sci 37(23):2685-2690. https://doi.org/10.108
0/02640414.2019.1656703 Mayhew JL, Prinster JL, Ware JS, Zimmer DL, Arabas JR, Bemben MG (1995) Muscular endurance 
repetitions to predict bench press strength in men of different training levels. J Sports Med Phys Fitness 35(2):108-113. https://
www.ncbi.nlm.nih.gov/pubmed/7500624 Mayhew JL, Johnson BD, Lamonte MJ, Lauber D, Kemmler W (2008) Accuracy of 
prediction equations for determining one repetition maximum bench press in women before and after resistance training. J 
Strength Cond Res 22(5):1570-1577. https://doi.org/10.1519/JSC.

Ob013e31817b02ad
Mitter B, Holbling D, Bauer P, Stockl M, Baca A, Tschan H (2021) Concurrent validity of field- based diagnostic technolo-

gy monitoring movement velocity in powerlifting exercises. J Strength Cond Res 35(8):2170-2178. https://doi.org/10.1519/
JSC.0000000000003143 Pareja-Blanco F, Sanchez-Medina L, Suarez-Arrones L, Gonzalez-Badillo JJ (2017) Effects of veloc-
ity loss during resistance training on performance in professional soccer players. Int J Sports Physiol Perform 12(4):512-519. 
https://doi.org/10.1123/jspp.2016-0170 Pareja-Blanco F, Alcazar J, Sanchez-Valdepenas J, Cornejo-Daza PJ, Piqueras-Sanchiz 
F, Mora- Vela R, Sanchez-Moreno M, Bachero-Mena B, Ortega-Becerra M, Alegre LM (2020) Velocity loss as a critical variable 
determining the adaptations to strength training. Med Sci Sports Exerc 52(8):1752-1762. https://

mechanical capacities of lower-body muscles. J Sports Sci 36(12):1331-1339. https://doi.org/ 10.1080/02640414.2017.1376900
Perez-Castilla A, Piepoli A, Delgado-Garcia G, Garrido-Blanca G, Garcia-Ramos A (2019) Reli- ability and concurrent validity of 

seven commercially available devices for the assessment of movement velocity at different intensities during the bench press. J 
Strength Cond Res 33(5): 1258-1265. https://doi.org/10.1519/JSC.0000000000003118

Rodiles-Guerrero L, Cornejo-Daza PJ, Sanchez-Valdepenas J, Alcazar J, Rodriguez-Lopez C, Sanchez-Moreno M, Alegre LM, Le-
on-Prados JA, Pareja-Blanco F (2022) Specific adaptations to 0%, 15%, 25%, and 50% velocity-loss thresholds during bench 
press training. Int J Sports Physiol Perform 17(8):1231-1241. https://doi.org/10.1123/ijspp.2021-0481

de Sa EC, Ricarte Medeiros A, Santana Ferreira A, Garcia Ramos A, Janicijevic D, Boullosa D (2019) Validity of the iLOAD(R) app 
for resistance training monitoring. PeerJ 7:e7372. https:// doi.org/10.7717/peerj.7372

Sanchez-Medina L, Gonzalez-Badillo JJ (2011) Velocity loss as an indicator of neuromuscular fatigue during resistance training. Med 
Sci Sports Exerc 43(9):1725-1734. https://doi.org/10. 1249/MSS.0b013e318213f880

Sperlich B, Treff G, Boone J (2022) Training intensity distribution in endurance sports: time to consider sport specificity and waking 
hour activity. Med Sci Sports Exerc 54(7):1227-1228. https://doi.org/10.1249/MSS.0000000000002935

Suchomel TJ, Nimphius S, Stone MH (2016) The Importance of muscular strength in athletic performance. Sports Med 46(10):1419-
1449. https://doi.org/10.1007/s40279-016-0486-0 Suchomel TJ, Nimphius S, Bellon CR, Stone MH (2018) The importance of 
muscular strength:

training considerations. Sports Med 48(4):765-785. https://doi.org/10.1007/s40279-018-0862-z Suchomel TJ, Nimphius S, Bellon 
CR, Hornsby WG, Stone MH (2021) Training for muscular strength: methods for monitoring and adjusting training intensity. 
Sports Med 51(10): 2051-2066. https://doi.org/10.1007/s40279-021-01488-9

Thompson SW, Rogerson D, Dorrell HF, Ruddock A, Barnes A (2020) The reliability and validity of current technologies for mea-
suring barbell velocity in the free-weight back squat and power clean. Sports (Basel) 8(7). https://doi.org/10.3390/sports8070094 
Weakley J, Chalkley D, Johnston R, Garcia-Ramos A, Townshend A, Dorrell H, Pearson M, Morrison M, Cole M (2020) Cri-
terion validity, and interunit and between-day reliability of the FLEX for measuring barbell velocity during commonly used 
resistance training exercises. J Strength Cond Res 34(6):1519-1524. https://doi.org/10.1519/JSC.0000000000003592 Weakley J, 
Morrison M, Garcia-Ramos A, Johnston R, James L, Cole MH (2021) The validity and reliability of commercially available resis-
tance training monitoring devices: a systematic review. Sports Med 51(3):443-502. https://doi.org/10.1007/s40279-020-01382-
wdoi.org/10.1249/MSS.0000000000002295

Perez-Castilla A, Garcia-Ramos A, Padial P, Morales-Artacho AJ, Feriche B (2018) Effect of different velocity loss thresholds during 
a power-oriented resistance training program on the

منابع

Barton CJ, Bonanno DR, Carr J et al (2016) Running retraining to treat lower limb injuries: a mixed- methods study of current evi-
dence synthesised with expert opinion. Br J Sports Med 50:513– 526. https://doi.org/10.1136/bjsports-2015-095278

Berge HM, Clarsen B (2013) Sports injury prevention: Mission Possible! Br J Sports Med 47:467- 468. https://doi.org/10.1136/
bjsports-2013-092457

Besier T (2018) The importance of measuring lower limb cumulative load in sport: a mechanobiological approach. IMU 1
Bowser BJ, Fellin R, Davis IS (2011) Kinematic Strategies Used by Runners to Reduce Tibial Shock Following Gait Retraining: 581: 



Board# 5 1:00 PM-3: 00 PM. Med Sci Sports Exerc 43 (5):15 Bowser BJ, Fellin R, Milner CE et al (2018) Reducing impact 
loading in runners: a one-year follow- up. Med Sci Sports Exerc 50:2500-2506. https://doi.org/10.1249/MSS.0000000000001710 
Cavanagh PR, Williams KR (1982) The effect of stride length variation on oxygen uptake during distance running. Med Sci 
Sports Exerc 14(1):30-35. https://doi.org/10.1249/00005768- 198201000-00006

Chan ZY, Zhang JH, Au IP et al (2018) Gait retraining for the reduction of injury occurrence in novice distance runners: 1-year fol-
low-up of a randomized controlled trial. Am J Sports Med 46: 388-395. https://doi.org/10.1177/0363546517736277

Clansey AC, Hanlon M, Wallace ES et al (2014) Influence of Tibial shock feedback training on impact loading and running economy. 
Med Sci Sports Exerc 46:973-981. https://doi.org/10. 1249/MSS.0000000000000182

De Clercq D, Leman M, Six J, et al (2018) WO 2020/002275 - Low Impact Running
Derie R, Van den Berghe P, Gerlo J et al (2022) Biomechanical adaptations following a music- based biofeedback gait retraining 

program to reduce peak tibial accelerations. Scand J Med Sci Sports 32:1142-1152. https://doi.org/10.1111/sms.14162

Derrick TR, van den Bogert AJ, Cereatti A et al (2020) ISB recommendations on the reporting of intersegmental forces and moments 
during human motion analysis. J Biomech 99:109533. https://doi.org/10.1016/j.jbiomech.2019.109533

Edwards WB (2018) Modeling overuse injuries in sport as a mechanical fatigue phenomenon. Exerc Sport Sci Rev 46:224-231. 
https://doi.org/10.1249/JES.0000000000000163 IMeasureU (2019) What is Bone Stimulus? In: IMU Res. Pap. https://support.
imeasureu.com/ article/21-what-is-bone-stimulus

Impellizzeri FM, Menaspà P, Coutts AJ et al (2020) Training load and its role in injury prevention, Part I: Back to the future. J Athl 
Train 55:885-892. https://doi.org/10.4085/1062-6050-500-19 James SL, Bates BT, Osternig LR (1978) Injuries to runners. Am J 
Sports Med 6:40-50. https://doi. org/10.1177/036354657800600202

Matijevich ES, Branscombe LM, Scott LR, Zelik KE (2019) Ground reaction force metrics are not strongly correlated with tibial bone 
load when running across speeds and slopes: implications for science, sport and wearable tech. PLoS One 14:1-19. https://doi.
org/10.1371/journal.pone. 0210000

van Mechelen W, Hlobil H, Kemper HCG (1992) Incidence, severity, actiology and prevention of sports injuries. Sport Med 14:82-99. 
https://doi.org/10.2165/00007256-199214020-00002 Moens B, Muller C, van Noorden L et al (2014) Encouraging spontaneous 
synchronisation with D-Jogger, an adaptive music player that aligns movement and music. PLoS One 9:e114234. https://doi.
org/10.1371/journal.pone.0114234

Napier C, Cochrane CK, Taunton JE, Hunt MA (2015) Gait modifications to change lower extremity gait biomechanics in runners: a 
systematic review. Br J Sports Med 49:1382-1388. https://doi.org/10.1136/bjsports-2014-094393

Nigg B, Baltich J, Hoerzer S, Enders H (2015) Running shoes and running injuries: mythbusting and a proposal for two new paradigms: 
‘preferred movement path’ and ‘comfort filter’. Br J Sports Med 49:1290-1294. https://doi.org/10.1136/bjsports-2015-095054

Shull PB, Jirattigalachote W, Hunt MA et al (2014) Quantified self and human movement: a review on the clinical impact of wearable 
sensing and feedback for gait analysis and intervention. Gait Posture 40:11-19

Sperlich B, Holmberg H-C (2017) Wearable, yes, but able...?: it is time for evidence-based
marketing claims! Br J Sports Med 51:1240-1240. https://doi.org/10.1136/bjsports- 2016-097295
Stanley K (2007) Evaluation of randomized controlled trials. Circulation 115:1819-1822. https:// doi.org/10.1161/CIRCULATION-

AHA.106.618603
Taylor W (2000) Change-point analysis: a powerful new tool for detecting changes. 1-19 Van den Berghe P, Six J, Gerlo J et al (2019) 

Validity and reliability of peak tibial accelerations as real-time measure of impact loading during over-ground rearfoot running at 
different speeds. J Biomech 86:238-242. https://doi.org/10.1016/j.jbiomech.2019.01.039

Van den Berghe P, Gosseries M, Gerlo J et al (2020) Change-point detection of peak tibial acceleration in overground running retrain-
ing. Sensors 20:1720. https://doi.org/10.3390/ $20061720

Van den Berghe P, Lorenzoni V, Derie R et al (2021) Music-based biofeedback to reduce tibial shock in over-ground running: a proof-
of-concept study. Sci Rep 11:4091. https://doi.org/10. 1038/s41598-021-83538-w

Van den Berghe P, Derie R, Bauwens P et al (2022a) Reducing the peak tibial acceleration of running by music-based biofeedback: a 
quasi-randomized controlled trial. Scand J Med Sci Sports 32:698-709. https://doi.org/10.1111/sms.14123

Van den Berghe P, Warlop L, Derie R et al (2022b) Foot strike determines the center of pressure behavior and affects impact severity 
in heel-toe running. J Sports Sci 40:808-820. https://doi. org/10.1080/02640414.2021.2019991

Videbæk S, Bueno AM, Nielsen RO, Rasmussen S (2015) Incidence of running-related injuries per 1000 h of running in different 
types of runners: a systematic review and meta-analysis. Sport Med

P. Van den Bergne
Willems TM, Witvrouw E, De Cock A, De Clercq D (2007) Gait-related risk factors for exercise- related lower-leg pain during shod 

running. Med Sci Sport Exerc 39:330–339. https://doi.org/ 10.1249/01.mss.0000247001.94470.21
Willy R (2018) Innovations and pitfalls in the use of wearable devices in the prevention and rehabilitation of running related injuries. 

Phys Ther Sport 29:26-33. https://doi.org/10.1016/j. ptsp.2017.10.003
Willy RW, Buchenic L, Rogacki K et al (2016) In-field gait retraining and mobile monitoring to address running biomechanics asso-

ciated with tibial stress fracture. Scand J Med Sci Sports 26: 197-205. https://doi.org/10.1111/sms.12413

منابع
Baron KG, Abbott S, Jao N, Manalo N, Mullen R (2017) Orthosomnia: are some patients taking the quantified self too far? J Clin 

Sleep Med 13(2):351–354
Baron KG, Duffecy J, Berendsen MA, Mason IC, Lattie EG, Manalo NC (2018) Feeling validated yet? A scoping review of the use of 

consumer-targeted wearable and mobile technol- ogy to measure and improve sleep. Sleep Med Rev 40:151–159
Bender AM, Lawson D, Werthner P, Samuels CH (2018) The clinical validation of the athlete sleep screening questionnaire: an instru-

ment to identify athletes that need further sleep assessment. Sports Med-Open 4(1):1-8
Caia J, Thornton HR, Kelly VG, Scott TJ, Halson SL, Cupples B, Driller MW (2017) Does self- perceived sleep reflect sleep estimated 

via activity monitors in professional rugby league athletes? J Sports Sci: 1-5. https://doi.org/10.1080/02640414.2017.1398885



Caia J, Halson SL, Scott A, Kelly VG (2020) Obstructive sleep apnea in professional rugby league athletes: an exploratory study. J 
Sci Med Sport 23(11):1011–1015

Chinoy ED, Cuellar JA, Huwa KE, Jameson JT, Watson CH, Bessman SC, Hirsch DA, Cooper AD, Drummond SP, Markwald RR 
(2021) Performance of seven consumer sleep-tracking devices compared with polysomnography. Sleep 44(5):zsaa291

Chinoy ED, Cuellar JA, Jameson JT, Markwald RR (2022) Performance of four commercial wearable sleep-tracking devices tested 
under unrestricted conditions at home in healthy young adults. Nat Sci Sleep 14:493

Czeisler C, Klerman E (1999) Circadian and sleep-dependent regulation of hormone release in humans. Recent Prog Horm Res 
54:97-132

Depner CM, Cheng PC, Devine JK, Khosla S, De Zambotti M, Robillard R, Vakulin A, Drummond SP (2020) Wearable technologies 
for developing sleep and circadian biomarkers: a summary of workshop discussions. Sleep 43(2):zsz254

Driller M, McQuillan J, O’Donnell S (2016) Inter-device reliability of an automatic-scoring actigraph for measuring sleep in healthy 
adults. Sleep Sci 9(3):198–201

Driller MW, O’Donnell S, Tavares F (2017) What wrist should you wear your actigraphy device on? Analysis of dominant vs. 
non-dominant wrist actigraphy for measuring sleep in healthy adults. Sleep Sci 10(3):132

Driller MW, Mah CD, Halson SL (2018) Development of the athlete sleep behavior questionnaire: a tool for identifying maladaptive 
sleep practices in elite athletes. Sleep Sci 11(1):37-44 Dunican IC, Walsh J, Higgins CC, Jones MJ, Maddison K, Caldwell JA, 
David H, Eastwood PR (2019) Prevalence of sleep disorders and sleep problems in an elite super rugby union team. J Sports Sci 
37(8):950-957

Evenson KR, Goto MM, Furberg RD (2015) Systematic review of the validity and reliability of consumer-wearable activity trackers. 
Int J Behav Nutr Phys Act 12(1):1–22

Gavriloff D, Sheaves B, Juss A, Espie CA, Miller CB, Kyle SD (2018) Sham sleep feedback delivered via actigraphy biases daytime 
symptom reports in people with insomnia: implications for insomnia disorder and wearable devices. J Sleep Res 27(6):e12726

Lastella M, Memon AR, Vincent GE (2020) Global research output on sleep research in athletes from 1966 to 2019: a bibliometric 
analysis. Clocks Sleep 2(2):99-119

Lee J-M, Byun W, Keill A, Dinkel D, Seo Y (2018) Comparison of wearable trackers’ ability to estimate sleep. Int J Environ Res 
Public Health 15(6):1265

Lee XK, Chee NI, Ong JL, Teo TB, van Rijn E, Lo JC, Chee MW (2019) Validation of a consumer sleep wearable device with actig-
raphy and polysomnography in adolescents across sleep opportunity manipulations. J Clin Sleep Med 15(9):1337-1346

Mah CD, Mah KE, Kezirian EJ, Dement WC (2011) The effects of sleep extension on the athletic performance of collegiate basketball 
players. Sleep 34(7):943

Menghini L, Yuksel D, Goldstone A, Baker FC, de Zambotti M (2021) Performance of Fitbit Charge 3 against polysomnography in 
measuring sleep in adolescent boys and girls. Chronobiol Int 38(7):1010-1022

Miles KH, Clark B, Fowler PM, Miller J, Pumpa KL (2019) Sleep practices implemented by team sport coaches and sports science 
support staff: a potential avenue to improve athlete sleep? J Sci Med Sport 22(7):748-752

Miller DJ, Lastella M, Scanlan AT, Bellenger C, Halson SL, Roach GD, Sargent C (2020) A
validation study of the WHOOP strap against polysomnography to assess sleep. J Sports Sci 38(22):2631-2636
Nguyen QN, Le T, Huynh QB, Setty A, Vo TV, Le TQ (2021) Validation framework for sleep stage scoring in wearable sleep trackers 

and monitors with polysomnography ground truth. Clocks Sleep 3(2):274-288
Razjouyan J. Lee H, Parthasarathy S, Mohler J, Sharafkhaneh A, Najafi B (2017) Improving sleep
quality assessment using wearable sensors by including information from postural/sleep posi- tion changes and body acceleration: a 

comparison of chest-worn sensors, wrist actigraphy, and polysomnography. J Clin Sleep Med 13(11):1301-1310
Roberts DM, Schade MM, Mathew GM, Gartenberg D, Buxton OM (2020) Detecting sleep using heart rate and motion data from 

multisensor consumer-grade wearables, relative to wrist actigraphy and polysomnography. Sleep 43(7):zsaa045
Sargent C, Lastella M, Romyn G, Versey N, Miller DJ, Roach GD (2018) How well does a commercially available wearable device 

measure sleep in young athletes? Chronobiol Int 35(6):754-758
Scott H, Lack L, Lovato N (2020) A systematic review of the accuracy of sleep wearable devices for estimating sleep onset. Sleep 

Med Rev 49:101227
Svensson T, Chung U-i, Tokuno S, Nakamura M, Svensson AK (2019) A validation study of a consumer wearable sleep tracker com-

pared to a portable EEG system in naturalistic conditions. J Psychosom Res 126:109822
Teece AR, Argus CK, Gill N, Beaven M, Dunican IC, Driller MW (2021) Sleep and performance during a preseason in elite rugby 

union athletes. Int J Environ Res Public Health 18(9):4612 Tuomilehto H. Vuorinen V-P, Penttilä E, Kivimäki M, Vuorenmaa M, 
Venojärvi M, Airaksinen O. Pihlajamäki J (2017) Sleep of professional athletes: underexploited potential to improve health and 
performance. J Sports Sci 35(7):704-710

Verbeek I, Klip EC, Declerck AC (2001) The use of actigraphy revised: the value for clinical practice in insomnia. Percept Mot Skills 
92(3):852-856

Walsh NP, Halson SL, Sargent C, Roach GD, Nédélec M, Gupta L, Leeder J, Fullagar HH, Coutts AJ, Edwards BJ (2020) Sleep and 
the athlete: narrative review and 2021 expert consensus recommendations. Br J Sports Med

de Zambotti M, Claudatos S, Inkelis S, Colrain IM, Baker FC (2015) Evaluation of a consumer fitness-tracking device to assess sleep 
in adults. Chronobiol Int 32(7):1024-1028

de Zambotti M, Baker FC, Willoughby AR, Godino JG, Wing D, Patrick K, Colrain IM (2016) Measures of sleep and cardiac func-
tioning during sleep using a multi-sensory commercially- available wristband in adolescents. Physiol Behav 158:143–149

منابع
Alzueta E et al (2022) Tracking sleep, temperature, heart rate, and daily symptoms across the menstrual cycle with the oura ring in 

healthy women. Int J Women’s Health 14:491-503. https:// doi.org/10.2147/JWH.S341917
Ansdell P, Thomas K, Hicks KM, Hunter SK, Howatson G, Goodall S (2020) Physiological sex differences affect the integrative 

response to exercise: acute and chronic implications. Exp Physiol 105:2007-2021. https://doi.org/10.1113/EP088548
Baker FC, Colrain IM, Trinder J (2008) Reduced parasympathetic activity during sleep in the symptomatic phase of severe premen-



strual syndrome. J Psychosom Res 65:13-22. https://doi. org/10.1016/j.jpsychores.2008.04.008
Bambaeichi E, Reilly T, Cable NT, Giacomoni M (2004) The isolated and combined effects of menstrual cycle phase and time-of-day 

on muscle strength of eumenorrheic females. Chronobiol Int 21:645-660. https://doi.org/10.1081/cbi-120039206
Bunt JC (1990) Metabolic actions of estradiol: significance for acute and chronic exercise. responses. Med Sci Sports Exerc 22:286-

290
Charkoudian N, Johnson JM (2000) Female reproductive hormones and thermoregulatory control of skin blood flow. Exerc Sport Sci 

Rev 28:108-112
Costello JT, Bieuzen F, Bleakley CM (2014) Where are all the female participants in Sports and Exercise Medicine research? Eur J 

Sport Sci 14:847-851. https://doi.org/10.1080/17461391. 2014.911354
Duking P, Zinner C, Reed JL, Holmberg HC, Sperlich B (2020) Predefined vs data-guided training prescription based on autonomic 

nervous system variation: a systematic review. Scand J Med Sci Sports 30:2291-2304. https://doi.org/10.1111/sms. 13802
Duking P, Zinner C, Trabelsi K, Reed JL, Holmberg HC, Kunz P, Sperlich B (2021) Monitoring and adapting endurance training on 

the basis of heart rate variability monitored by wearable technologies: a systematic review with meta-analysis. J Sci Med Sport 
24:1180-1192 Foryst-Ludwig A, Kintscher U (2010) Metabolic impact of estrogen signalling through ERalpha and ERbeta. J 
Steroid Biochem Mol Biol 122:74-81. https://doi.org/10.1016/j.jsbmb.2010. 06.012

Hardy JD, DuBois EF (1938) The technic of measuring radiation and convection. J Nutr 15:461- 475. https://doi.org/10.1093/
jn/15.5.461

Hymczak H et al (2021) Core temperature measurement-principles of correct measurement, problems, and complications. Int J En-
viron Res Public Health 18

Janse de Jonge X, Thompson B, Han A (2019) Methodological recommendations for menstrual cycle research in sports and exercise. 
Med Sci Sports Exerc 51:2610-2617. https://doi.org/10. 1249/MSS.0000000000002073

Lebrun CM (1994) The effect of the phase of the menstrual cycle and the birth control pill on athletic performance. Clin Sports Med 
13:419-441

Maijala A, Kinnunen H, Koskimaki H, Jamsa T, Kangas M (2019) Nocturnal finger skin tempera- ture in menstrual cycle tracking: 
ambulatory pilot study using a wearable Oura ring. BMC Womens Health 19:150. https://doi.org/10.1186/s12905-019-0844-9

Phillips SK, Sanderson AG, Birch K, Bruce SA, Woledge RC (1996) Changes in maximal voluntary force of human adductor pollicis 
muscle during the menstrual cycle. J Physiol 496 (Pt 2):551–557. https://doi.org/10.1113/jphysiol. 1996.sp021706

Pitchers G. Elliot-Sale K (2019) Considerations for coaches training female athletes Prof Strength Cond: 19-30
Reilly T (2000) The menstrual cycle and human performance: an overview. Biol Rhythm Res 31: 29-40
Reis E, Frick U, Schmidtbleicher D (1995) Frequency variations of strength training sessions triggered by the phases of the menstrual 

cycle. Int J Sports Med 16:545-550. https://doi.org/ 10.1055/s-2007-973052
Roossien CC, Hodselmans AP, Heus R, Reneman MF, Verkerke GJ (2021) Evaluation of a wearable non-invasive thermometer for 

monitoring ear canal temperature during physically demanding (outdoor) work. Int J Environ Res Public Health 18:4896
Sarwar R, Niclos BB, Rutherford OM (1996) Changes in muscle strength, relaxation rate and fatiguability during the human menstru-

al cycle. J Physiol 493(Pt 1):267–272. https://doi.org/10. 1113/jphysiol. 1996.sp021381
Shakalio S, Haine Scheller C, Gronwald T (2020) Menstruationszyklus-basiertes Training im Leistungssport Leistungssport 51:28-31
Shilaih M, Clerck V, Falco L, Kubler F, Leeners B (2017) Pulse rate measurement during sleep using wearable sensors, and its 

correlation with the menstrual cycle phases, a prospective observational study. Sci Rep 7:1294. https://doi.org/10.1038/s41598-
017-01433-9

Shilaih M, Goodale BM, Falco L, Kubler F, De Clerck V, Leeners B (2018) Modern fertility awareness methods: wrist wearables 
capture the changes in temperature associated with the menstrual cycle. Biosci Rep 38:BSR20171279

Sung E, Han A, Hinrichs T, Vorgerd M, Manchado C, Platen P (2014) Effects of follicular versus luteal phase-based strength training 
in young women. Springerplus 3:668. https://doi.org/10. 1186/2193-1801-3-668

Wikstrom-Frisen L, Boraxbekk CJ, Henriksson-Larsen K (2017) Effects on power, strength and lean body mass of menstrual/oral con-
traceptive cycle based resistance training. J Sports Med Phys Fitness 57:43-52. https://doi.org/10.23736/S0022-4707.16.05848-5

Zhu TY et al (2021) The accuracy of wrist skin temperature in detecting ovulation compared to basal body temperature: prospective 
comparative diagnostic accuracy study. J Med Internet Res 23:e20710. https://doi.org/10.2196/20710

منابع
Academy, U.S.S. (2018) Pep Guardiola and Manchester City, 2017-2018: a case study. Sport J, 27 September. Available from https://

thesportjournal.org/article/pep-guardiola-and-manchester- city-2017-2018-a-case-study/ (Accessed: 27 April 2022)
Ade J, Fitzpatrick J, Bradley PS (2016) High-intensity efforts in elite soccer matches and associated movement patterns, techni-

cal skills and tactical actions. Information for position-specific training drills. J Sports Sci 34(24):2205-2214. https://doi.
org/10.1080/02640414.2016. 1217343

Akyildiz Z et al (2022) Variations in the physical demands and technical performance of profes- sional soccer teams over three con-
secutive seasons. Sci Rep 12(1):2412. https://doi.org/10. 1038/s41598-022-06365-7

Altmann S et al (2021) Match-related physical performance in professional soccer: position or player specific? PLoS One 16(9):1-13. 
https://doi.org/10.1371/journal.pone.0256695 Andrienko G et al (2017) Visual analysis of pressure in football. Data Min Knowl 
Disc 31(6, SI):1793-1839. https://doi.org/10.1007/s10618-017-0513-2

Aquino R et al (2019) Comparisons of ball possession, match running performance, player prominence and team network properties 
according to match outcome and playing formation during the 2018 FIFA World Cup. Int J Perform Anal Sport 19(6):1026-1037. 
https://doi.org/ 10.1080/24748668.2019.1689753

Arjol-Serrano JL et al (2021) The influence of playing formation on physical demands and technical-tactical actions according to 
playing positions in an elite soccer team. Int J Environ Res Public Health 18(8), https://doi.org/10.3390/ijerph18084148

Baptista I et al (2018) Position specific player load during match-play in a professional football club. PLoS One 13(5):1-10. https://
doi.org/10.1371/journal.pone.0198115

Barnes C et al (2014) The evolution of physical and technical performance parameters in the english premier league. Int J Sports Med 
35(13):1095-1100. https://doi.org/10.1055/s-0034-1375695 Barris S, Button C (2008) A review of vision-based motion analysis 



in sport. Sports Med (Auckland, NZ) 38(12):1025-1043. https://doi.org/10.2165/00007256-200838120-00006 Bradley PS (2020) 
Football decoded - using match analysis & context to interpret the demands. Amazon Fulfillment, Wroclaw

Bradley PS, Noakes TD (2013) Match running performance fluctuations in elite soccer: indicative of fatigue, pacing or situational 
influences? J Sports Sci 31(15):1627-1638. https://doi.org/10. 1080/02640414.2013.796062

Bradley PS et al (2011) The effect of playing formation on high-intensity running and technical profiles in English FA Premier League 
soccer matches. J Sports Sci 29(8):821-830. https://doi. org/10.1080/02640414.2011.561868

Buchheit M, Simpson BM (2017) Player-tracking technology: half-full or half-empty glass? Int J Sports Physiol Perform 12(Suppl 
2):S235-S241. https://doi.org/10.1123/ijspp.2016-0499 Buchheit M et al (2014) Integrating different tracking systems in football: 
multiple camera semi- automatic system, local position measurement and GPS technologies. J Sports Sci 32(20): 1844-1857. 
https://doi.org/10.1080/02640414.2014.942687

Bush MD et al (2015a) Evolution of match performance parameters for various playing positions in the English Premier League. 
Human Movement Sci 39(1):1-11. https://doi.org/10.1016/j. humov.2014.10.003

Bush MD et al (2015b) Factors influencing physical and technical variability in the English Premier League. Int J Sports Physiol 
Perform 10(7):865-872. https://doi.org/10.1123/ijspp. 2014-0484 Dellal A et al (2011) Comparison of physical and technical 
performance in European professional soccer match-play: The FA Premier League and La LIGA. Eur J Sport Sci 11(1):51-59. 
https:// doi.org/10.1080/17461391.2010.481334

DFL (2022) Bundesliga Match Facts schaffen noch tiefere Einblicke in das Spielgeschehen, 18 March. Available from https://www.
dfl.de/de/hintergrund/spieldaten/bundesliga-match- facts-schaffen-noch-tiefere-einblicke-in-das

Di Salvo V et al (2010) Sprinting analysis of elite soccer players during European Champions League and UEFA Cup matches. J 
Sports Sci 28(14):1489-1494. https://doi.org/10.1080/ 02640414.2010.521166

Dijkhuis TB, Kempe M, Lemmink KAPM (2021) Early prediction of physical performance in elite soccer matches a machine learning 
approach to support substitutions. Entropy 23(8). https:// doi.org/10.3390/e23080952

Dolci F et al (2020) Physical and energetic demand of soccer: a brief review. Strength Condition J 42(3):70-77. https://doi.org/10.1519/
SSC.0000000000000533

Escher T (2020) Der Schlüssel zum Spiel wie moderner Fußball funktioniert. Originalausgabe. Hamburg: Rowohlt Taschenbuch 
Verlag. Available from https://rds-blb.ibs-bw.de/link?kid=1 665734698

Faude O, Koch T, Meyer T (2012) Straight sprinting is the most frequent action in goal situations in professional football. J Sports Sci 
30(7):625-631. https://doi.org/10.1080/02640414.2012. 665940

Fitzpatrick J, Linsley A, Musham C (2019) Running the curve: a preliminary investigation into curved sprinting during football 
match-play

Forcher L et al (2021) The “Hockey” assist makes the difference - validation of a defensive disruptiveness model to evaluate passing 
sequences in Elite Soccer. Entropy 23(12):1607. https://doi.org/10.3390/e23121607

Forcher L, Altmann S, Forcher L et al (2022a) The use of player tracking data to analyze defensive play in professional soccer - a 
scoping review. Int J Sports Sci Coach:17479541221075734. https://doi.org/10.1177/17479541221075734

Forcher L, Forcher L, Jekaue D et al (20226) Center backs work hardest when playing in a back three: the influence of tactical forma-
tion on physical and technical match performance in professional soccer. PLoS One 17(3):1-17. https://doi.org/10.1371/journal.
pone.0265501 Forcher L, Forcher L, Härtel S et al (2022c) Does technical match performance in professional soccer depend on 
the positional role or the individuality of the player? Front Psychol [Preprint]. https://doi.org/10.3389/fpsyg.2022.813206

Forcher L, Forcher L, Wäsche H et al (2022d) The influence of tactical formation on physical and technical match performance in 
male soccer: a systematic review. Int J Sports Sci Coach:1-30. https://doi.org/10.1177/17479541221101363

Goes F, Kempe M, Lemmink KAPM (2019a) Predicting match outcome in professional Dutch football using tactical performance 
metrics computed from position tracking data, in Confer- ence: MathSport International. Athens, Greece

Goes FR et al (2019b) Not every pass can be an assist: a data-driven model to measure pass effectiveness in professional soccer 
matches. Big Data 7(1):57-70. https://doi.org/10.1089/big. 2018.0067

Goes F et al (2021a) A risk-reward assessment of passing decisions: comparison between positional roles using tracking data from 
professional men’s soccer. Sci Med Football:1-9. https://doi.org/ 10.1080/24733938.2021.1944660

Goes FR et al (2021b) Unlocking the potential of big data to support tactical performance analysis in professional soccer: a systematic 
review. Eur J Sport Sci 21(4):481-496, https://doi.org/10. 1080/17461391.2020.1747552

Hands DE, de Jonge XJ (2020) Current time-motion analyses of professional football matches in top-level domestic leagues: a sys-
tematic review. Int J Perform Anal Sport 20(5):747-765. https://doi.org/10.1080/24748668.2020.1780872

Harper DJ et al (2021) Elite football of 2030 will not be the same as that of 2020: what has evolved and what needs to evolve? Scand 
J Med Sci Sports 31(2):493-494. https://doi.org/10.1111/sms. 13876

Henseling M. Maric R (2018) Fußball durch Fußball. Das Trainingshandbuch von Spielverlagerung.de. Die Werkstatt, Göttingen
Hoppe MW et al (2018) Validity and reliability of GPS and LPS for measuring distances covered and sprint mechanical properties in 

team sports. PLoS One 13(2):e0192708. https://doi.org/10. 1371/journal.pone.0192708
Immler S et al (2021) Guardiola, Klopp, and Pochettino: The purveyors of what? The use of passing network analysis to identify 

and compare coaching styles in professional football. Front Sports Active Living. 3. Available from https://www.frontiersin.org/
article/10.3389/fspor.2021.72 5554 (Accessed: 27 April 2022)

Ju W et al (2022) Contextualised high-intensity running profiles of elite football players with reference to general and specialised 
tactical roles. Biol Sport:291–301. https://doi.org/10.5114/ biolsport.2023.116003

Kai T et al (2021) A new approach to quantify angles and time of changes-of-direction during soccer matches. PLoS One 
16(5):e0251292. https://doi.org/10.1371/journal.pone.0251292 Kempe M et al (2014) Possession vs. direct play: evaluating tac-
tical behavior in elite soccer. Int J Sports Sci 4(6A):35-41. https://doi.org/10.5923/s.sports.201401.05

Lago-Peñas C et al (2022) Evolution of physical and technical parameters in the Spanish LaLiga 2012-2019. Sci Med Football:1-6. 
https://doi.org/10.1080/24733938.2022.2049980 Lepschy H, Wäsche H, Woll A (2020) Success factors in football: an analysis of 
the German Bundesliga. Int J Perform Anal Sport 20:1-15. https://doi.org/10.1080/24748668.2020. 1726157

Lepschy H, Woll A, Wäsche H (2021) Success factors in the FIFA 2018 World Cup in Russia and FIFA 2014 World Cup in Brazil. 
Front Psychol 12:1-9. https://doi.org/10.3389/fpsyg.2021. 638690

Link D, Lang S, Seidenschwarz P (2016) Real time quantification of dangerousity in football using spatiotemporal tracking data. 



PLoS One 11(12):1-16. https://doi.org/10.1371/journal.pone. 0168768
Linke D, Link D, Lames M (2018) Validation of electronic performance and tracking systems EPTS under field conditions. PLoS One 

13(7):e0199519. https://doi.org/10.1371/journal.pone. 0199519
Liu H et al (2015) Technical performance and match-to-match variation in elite football teams. J Sports Sci 34. https://doi.org/10.10

80/02640414.2015.1117121
Lucey P et al (2015) “Quality vs Quantity”: improved shot prediction in soccer using strategic features from spatiotemporal data
Mackenzie R, Cushion C (2013) Performance analysis in professional soccer: player and coach perspectives. Performance analysis 

of sport IX. pp 10-16
Malone JJ et al (2017) Unpacking the black box: applications and considerations for using GPS devices in sport. Int J Sports Physiol 

Perform 12(Suppl 2):S218-$226. https://doi.org/10.1123/ ijspp.2016-0236
Maneiro R et al (2019) Offensive transitions in high-performance football: differences between UEFA Euro 2008 and UEFA Euro 

2016. Front Psychol 10:1230-1240, https://doi.org/10.3389/ fpsyg.2019.01230
Martínez Hernández D, Quinn M, Jones P (2022) Linear advancing actions followed by decelera- tion and turn are the most common 

movements preceding goals in male professional soccer. Sci Med Football, (just-accepted) [Preprint]
Memmert D, Raabe D (2019) Revolution im Profifußball: Mit Big Data zur Spielanalyse 4.0. 2., aktualisierte und erweiterte Aufl. 

2019 Edition. Berlin: Springer
Mohr M, Krustrup P, Bangsbo J (2003) Match performance of high-standard soccer players with special reference to development of 

fatigue. J Sports Sci 21(7):519-528. https://doi.org/10. 1080/0264041031000071182
Moura FA et al (2012) Quantitative analysis of Brazilian football players’ organisation on the pitch. Sports Biomech 11(1):85–96. 

https://doi.org/10.1080/14763141.2011.637123
Nassis GP et al (2020) Elite football of 2030 will not be the same as that of 2020: preparing players,
coaches, and support staff for the evolution. Scand J Med Sci Sports 30(6):962-964. https://doi. org/10.1111/sms.13681
Nedelec M et al (2014) The influence of soccer playing actions on the recovery kinetics after a soccer match. J Strength Cond Res 

28(6):1517-1523. https://doi.org/10.1519/JSC. 0000000000000293
Palucci Vieira LH et al (2019) Match running performance in young soccer players: a systematic review. Sports Med (Auckland, NZ) 

49(2):289–318. https://doi.org/10.1007/s40279-018- 01048-8
Paul DJ, Bradley PS, Nassis GP (2015) Factors affecting match running performance of elite soccer players: shedding some light on 

the complexity. Int J Sports Physiol Perform 10(4):516–519. https://doi.org/10.1123/jspp.2015-0029
Power P et al (2017) Not all passes are created equal: objectively measuring the risk and reward of passes in soccer from tracking 

data, in Proceedings of the 23rd ACM SIGKDD International Conference on Knowledge Discovery and Data Mining. New York, 
NY, USA: Association for Computing Machinery (KDD ‘17), pp. 1605-1613. https://doi.org/10.1145/3097983.3098051 Rehha-
gel J (2011) Entwicklung einer Testbatterie zur Diagnostik und Steuerung der Schnelligkeit im Sportspiel Fußball. Dissertation 
German Sports University Cologne [Preprint] Rein R, Memmert D (2016) Big data and tactical analysis in elite soccer: future 
challenges and opportunities for sports science. Springerplus 5. https://doi.org/10.1186/s40064-016-3108-2 Rein R, Raabe D, 
Memmert D (2017) “Which pass is better?” Novel approaches to assess passing effectiveness in elite soccer. Human Movement 
Sci 55:172-181. https://doi.org/10.1016/j. humov.2017.07.010

Rey E et al (2020) Elite Soccer players do not cover less distance in the second half of the matches when game interruptions are con-
sidered. J Strength Condition Res, Publish Ahead of Print. https://doi.org/10.1519/JSC.0000000000003935

Rico-González M et al (2022) Players’ performance during worst-case scenarios in professional soccer matches: a systematic review. 
Biol Sport 39:695-713. https://doi.org/10.5114/biolsport. 2022.107022

Robinson G, O’Donoghue P, Wooster B (2011) Path changes in the movement of English Premier League soccer players. J Sports 
Med Phys Fitness 51(2):220-226

Sarmento H et al (2014) Match analysis in football: a systematic review. J Sports Sci 32(20): 1831-1843. https://doi.org/10.1080/02
640414.2014.898852

Sarmento H et al (2018) What performance analysts need to know about research trends in association football (2012-2016): a system-
atic review. Sports Med 48(4):799-836. https://doi. org/10.1007/s40279-017-0836-6

Scott MTU, Scott TJ, Kelly VG (2016) The validity and reliability of global positioning systems in team sport: a brief review. J 
Strength Cond Res 30(5):1470-1490. https://doi.org/10.1519/JSC. 0000000000001221

Stølen T et al (2005) Physiology of soccer: an update. Sports Med (Auckland, NZ) 35(6):501-536. https://doi.org/10.2165/00007256-
200535060-00004

Szczepanski L, McHale I (2016) Beyond completion rate: evaluating the passing ability of footballers. JR Statist Soc Ser A Statist Soc 
179(2):513–533. https://doi.org/10.1111/rssa. 12115

Trewin J et al (2017) The influence of situational and environmental factors on match-running in soccer: a systematic review. Sci Med 
Football 1(2):183-194. https://doi.org/10.1080/24733938. 2017.1329589

Unkelbach C, Memmert D (2010) Crowd noise as a cue in referee decisions contributes to the home advantage. J Sport Exerc Psychol 
32(4):483–498. https://doi.org/10.1123/jsep.32.4.483 Vigh-Larsen JF, Dalgas U, Andersen TB (2017) Position-specific acceler-
ation and decelaration profiles in elite youth and senior soccer players. J Strength Condition Res 32(3):1114-1122. https://doi.
org/10.1519/JSC.0000000000001918

Vilamitjana JJ et al (2021) High-intensity activity according to playing position with different team formations in soccer. Acta Gymni-
ca 51(1). https://doi.org/10.5507/ag.2021.003

Vilar L et al (2013) Science of winning soccer: emergent pattern-forming dynamics in association football. J Syst Sci Complex 
26(1):73-84. https://doi.org/10.1

Waldron M et al (2011) Concurrent validity and test-retest reliability of a global positioning system (GPS) and timing gates to assess 
sprint performance variables. J Sports Sci 29:1613-1619. https://doi.org/10.1080/02640414.2011.608703

Wallace J, Norton K (2013) Evolution of World Cup soccer final games 1966-2010: Game structure, speed and play patterns. J Sci 
Med Sport/Sports Med Aust 17. https://doi.org/10. 1016/j.jsams.2013.03.016


