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Introduction: The decisive movements that determine judo performance rely on anaerobic power. Currently, the optimum training protocol for increasing the anaerobic endurance of heavyweight judo athletes remains elusive due to tricky balance between training loads increase and injury prevention. This study investigated the impact of sprint interval climbing incorporated into the regular training on the anaerobic training load of heavyweight judo athletes.



Methods: Five judo athletes of the female +78 kg category from the Chinese national team (average age: 26.8 ± 2.8 years; height: 185.6 ± 5.7 cm; weight: 127.8 ± 5.8 kg; judo training experience: 15 ± 3.5 years) conducted only regular training from October to December 2019 while climbing training was added to regular training from January to March 2020. A climbing fitness test was performed once per month from January to March 2020. The anaerobic training loads in the training and simulated matches were monitored through blood lactate and heart rate metrics, the physical fitness of the subjects was monitored through blood metrics such as creatine kinase, and the internal load of the subjects was assessed using Omegawave Technology readiness scores.



Results: We found that sprint interval climbing increased the levels of blood lactate (P = 0.00) and heart rate metrics (P = 0.00) in the training and/or simulated matches and the performance in the fitness tests. Meanwhile, physiological parameters and the internal load remained comparable before and after climbing training.



Conclusions: These results suggested that sprint interval climbing increased anaerobic training load without obvious muscular damage or fitness decrease. Finally, lack of a control group due to limited availability of the subjects meeting the criteria and the need to maximize the performance of each subject in future matches was the major limitation of this study.
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Introduction

Although judo relies primarily on aerobic power, the decisive movements that determine its performance depend on the anaerobic power (1, 2). In addition, although the upper limbs' muscles are usually the most involved for certain techniques, e.g., kumi-kata in a judo combat, explosive and decisive actions are performed by the lower limbs (2, 3). Therefore, developing anaerobic endurance of both upper and lower limbs is central to judo training (4, 5). However, a widely accepted program for judo anaerobic endurance training seems to be lacking so far (2, 6). Besides, as judo generally serves as high-intensity interval exercise (2, 4), high-intensity interval training (HIIT) through running (7, 8) or ergometer cycling (4, 5) is widely applied in judo training.

Our team has been long involved in monitoring the training of the athletes of the female +78 kg category from the Chinese national judo team. These athletes generally weigh over 100 kg, which prevents them substantially from heavy load training. For instance, due to frequent occurrence of knee injury during high-intensity interval running (9, 10), the training load of these athletes have to be increased cautiously, which may affect the training effect. Although high-intensity interval ergometer cycling can serve as an alternative to reduce the pressure on athlete knees and thus probable knee injuries, it cannot simultaneously increase the anaerobic endurance training load on both upper and lower limbs (4, 5). Therefore, the optimum training protocol for increasing the anaerobic endurance of the judo athletes of the +78 kg class remains to be further explored.

Indoor simulated climbing using e.g., Versaclimber is constituted by impact free, smooth motions which can decrease the likeliness of injury to joints such as knees (11, 12). In addition, the arms and legs are being utilized in an alternating push-pull motion during Versaclimber training (13–15). This style not only trains both upper and lower limbs simultaneously, but also meets the technical requirement of the judo combat as push-pull motions frequently occur in this combat sport (1, 2). Moreover, interval training can also be achieved on Versaclimber by sprinting (13, 15). Considering the advantages mentioned above, interval Versaclimber sprinting was incorporated into the regular training of the female +78 kg athletes of the Chinese national judo team during their training before the Tokyo Olympics, and the impact of such a training on the anaerobic and aerobic training loads was investigated.



Methods


Study design

The subjects of this study were five female +78 kg judo athletes of the Chinese national judo team. As this study was conducted during the training for the 2020 Tokyo Olympics, the training program needed to follow the schedule of the national team. In this study lasting half a year, the subjects conducted regular training from October to December 2019 while Versaclimber training was added to regular training from January to March 2020. The daily training time remained the same in this study. The subjects performed 2–3 simulated matches per week. In addition, they conducted a climbing fitness test once per month from January to March 2020. A regular diet and schedule were maintained for the subjects to prevent injuries and illnesses during this study. The anaerobic training load was monitored predominantly through blood lactate and heart rate metrics such as training impulse (TRIMP), the physical fitness of the subjects was monitored through metrics such as creatine kinase (CK) and blood testosterone (T), and the internal pressure of the subjects was assessed using Omegawave Technology readiness scores [(16), Omegawave Ltd., Espoo, Finland].



Subjects

This study recruited five top-level judo athletes of the female +78 kg category from the Chinese national judo team (average age: 26.8 ± 2.8 years; height: 185.6 ± 5.7 cm; weight: 127.8 ± 5.8 kg; judo training experience: 15 ± 3.5 years). The inclusion criteria were as follows: (a) the athlete had to be a member of the Chinese national judo team and performed training following the instructions of the team throughout the study; (b) the athlete had to be free of injury and healthy and complete all planned training sessions; (c) the athlete did not undergo climbing training before. Written consent was obtained from all participants after they were informed about the experimental design. This study has been approved by the Guangzhou Sport University Ethics Committee. All procedures were conducted in accordance with the Helsinki Declaration on Human studies.



Versaclimber training program

Three sprinting sessions on Versaclimber (CL-108SM, Santa Ana, CA) were added to the regular training on nonconsecutive days per week from January to March 2020, and the training volume/intensity remained the same during this period. Each session consisted of two 1-minute sprints, two 2-minute sprints and one 4-minute sprint with a 4-minute interval between each sprint. After sufficient warm-up, the subjects underwent climbing on Versaclimber with the “faster step” resistance mode. Earlobe blood was collected immediately, 1, 3, 5 min after the climbing and subjected to examination to determine the lactate level on a portable blood lactate meter (EKF Diagnostics, United Kingdom). Blood CK was examined after daily training through the DXC600 chemistry analyzer [Beckman Coulter Commercial Enterprise (China) Co., Ltd, China]. Blood urea was examined after daily training through Reflotron Plus Dry dry chemistry analyzer (Roche Diagnostics, Switzerland). Serum testosterone and cortisol (C) were examined before breakfast through DXI800 immunoassay analyzer [Beckman Coulter Commercial Enterprise (China) Co., Ltd., China]. Omegawave Technology readiness scores were examined when the subjects were in sedentary states in the morning once per month for each subject.



Simulated matches

Each match lasted 4 min. The combats were mediated according to official rules, and the opponents were selected randomly among the subjects. Earlobe blood was collected immediately, 1, 3, and 5 min after the combats to determine the lactate level on a portable EKF blood lactate meter as stated above. The anaerobic training load was also monitored through FirstBeat SPORT heart rate monitor (FirstBeat SPORT, Finland). Key metrics observed through FirstBeat included maximum heart rate percentage (%HRmax), heart rate zone, training effectiveness (TE), excess post-exercise oxygen consumption (EPOC) and TRIMP.



Climbing fitness test

After sufficient warm-up, the subjects wore a FirstBeat SPORT heart rate monitor and conducted a 2-minute sprint on the Versaclimber with the “faster step” resistance mode. Fitness was evaluated through the following metrics: climbing distance (m), average heart rate (average HR, beats/minute), maximum heart rate (HRmax, beats/minute), the time above 80% of the HRmax (seconds) and Fitness Score. Fitness Score = the time above 80% of the HRmax × 100/113. 113 (seconds) was from 120 s minus 7 s in which 120 s (2 min) was the time for the test while 7 s was the time for the subject's HR to get to 80% of her HRmax from the beginning of the test on the Versaclimber generally. Therefore, Fitness Score was equivalent to the time above 80% of the HRmax. This formula was provided by the General Administration of Sport of China. Scores over 100 were deemed to be 100.




Statistics

The data in this study were analyzed using Graphpad prism 9.0 and SPSS26.0, and the values were expressed as mean ± standard deviation (M ± SD). Data were tested for normality and homogeneity of variance using a Shapiro–Wilk and Levene's test, respectively. Student's t-test was used for pairwise comparison while one-way analyses of variance (ANOVAs) with Fisher's LSD post hoc tests were used to analyze and compare the climbing fitness test data. Partial eta-squared (η2p) was used to estimate effect size, and values were interpreted as no effect (η2p < 0.04), minimum effect (0.04 < η2p < 0.25), moderate effect (0.25 < η2p < 0.64), or strong effect (η2p > 0.64) (6). ANOVAs with Sidak or Tukey's post hoc tests were used to analyze and compare blood lactate concentrations after climbing training and simulated matches conducted from January to March 2020. P-values less than 0.05 were considered statistically significant.



Results


Anaerobic training load

As shown in Figure 1A, the levels of blood lactate upon climbing training were increased gradually from January to March 2020 (Mean difference for January vs. February: −2.740, 95% CI of difference = −4.344 to −1.136, p = 0.0081; Mean difference for February vs. March: −2.180, 95% CI of difference = −4.172 to −0.1880, p = 0.0376). In addition, the levels of blood lactate upon simulated matches displayed a similar trend from January to March 2020 although the increase was statistically insignificant (Figure 1A). Accordingly, while the level of blood lactate upon climbing training was lower than that upon simulated match in January (Mean difference for “after training” vs. “after matches” = −1.500, 95% CI of difference = −2.639 to −0.3605, p = 0.0126) or comparable to that in Feburay 2020, respectively, it became higher than that in March 2020 (Mean difference for “after training” vs. “after matches” = 2.700, 95% CI of difference = 0.2414–5.159, p = 0.0323; Figure 1A). Likewise, the level of blood lactate upon the three-month climbing training was higher than that upon the previous three-month period without climbing training (p = 0.0002, η2p = 0.6475, strong effect; Figure 1B).
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FIGURE 1
Blood lactate concentrations during the study. (A) Blood lactate concentrations were examined after climbing training or simulated matches conducted from January to March 2020 and two-way repeated measures ANOVAs with Sidak or Tukey post hoc tests were used to compare the data; (B) Blood lactate concentrations were examined after simulated matches conducted from October to December 2019 or from January to March 2020 and student's t-test was used for pairwise comparison. Data were expressed as mean ± SD. *, **, and *** denote a significant difference for interaction, main effect or between groups of P < 0.05, P < 0.01 and P < 0.001, respectively.


In addition to the blood lactate level, the training load of the athletes in the simulated matches was also monitored through the FirstBeat SPORT heart rate monitor system. As shown in Table 1, not only two core metrics TRIMP and EPOC but also three %HRmax-related parameters were all increased after the three-month climbing training. As the anaerobic energy system serves as the predominant source for energy when %HRmax is over 80% (17), the increased percentages of time spent in both 80%–90% and 90%–100% HRmax suggested that the anaerobic training load in the athletes might be increased in the simulated matches after the three-month climbing training.



TABLE 1 Parameters in the simulated matches monitored through FirstBeat SPORT heart rate monitor.



	FirstBeat parameters
	From October to December
	From January to March
	P-value





	%HRmax
	87 ± 4.8
	91 ± 3.8
	0.00



	Percentage of time spent in 80%–90% HRmax
	11.8 ± 8.7
	17.8 ± 10.0
	0.00



	Percentage of time spent in 90%–100% HRmax
	0.8 ± 1.9
	3.5 ± 4.4
	0.00



	TRIMP
	97.6 ± 41
	117.7 ± 26.4
	0.00



	EPOC
	41.9 ± 20
	73.0 ± 23.5
	0.00




	Data were expressed as mean ± SD. P < 0.05 indicated that the difference was statistically significant.









Versaclimber-based fitness test

As shown in Figure 2, while all the metrics were gradually increased from January to March 2020, the increase of the two metrics including time above 80%HRmax (p = 0.0002, η2p = 0.9405, strong effect; Figure 2D) and test score (p = 0.0002, η2p = 0.9349, strong effect; Figure 2E) was the most significant. Notably, the increases of average HR and HRmax suggested that the aerobic training load was also enhanced.


[image: Five bar graphs labeled A to E show monthly data comparisons. A: Climbing distance improves from January to March, significant difference between February and March (*p=0.0022). B: Average heart rate increases slightly, February and March differ significantly (*p=0.0173). C: Maximum heart rate is slightly increased across months, *p=0.0217. D: Time above 80% of maximum heart rate increases significantly each month, **p=0.0002. E: Score improves monthly with significant increases, **p=0.0002. Error bars show variability, and asterisks indicate significance levels.]
FIGURE 2
The parameters of the climbing fitness test. (A) Climbing distance; (B) Average heart rate; (C) Maximum heart rate (HRmax, beats/minute); (D) Time with at least 80% of the maximum heart rate; (E) Fitness Score. One-way ANOVAs with Fisher's LSD post hoc tests were used to analyze and compare the climbing fitness test data. Data were expressed as mean ± SD. *, **, and *** denote a significant difference between groups of P < 0.05, P < 0.01 and P < 0.001, respectively.




Physiological response and internal training load

To avoid overtraining after adding the climbing training to the regular training, several blood parameters other than lactate were also monitored throughout the study. As shown in Table 2, no significant differences were observed for CK, BU, T, C and T/C upon climbing training. In addition, the internal training load of the athlete during this period was also monitored through the Omegawave technology. As shown in Table 3, majority of the metrics did not change significantly upon climbing training except Metabolic Reaction Index and Anaerobic Readiness.



TABLE 2 Blood parameters.



	Blood parameters
	From October to December
	From January to March
	P-value





	Creatine kinase (CK, U/L)
	478.27 ± 108.17
	518.07 ± 164.47
	0.29



	Blood urea (mmol/L)
	7.65 ± 1.61
	7.96 ± 2.15
	0.49



	Testosterone (T, ng/dl)
	57.81 ± 6.95
	61.14 ± 8.9
	0.29



	Cortisol (C, ug/dl)
	14.93 ± 2.23
	16.02 ± 2.00
	0.19



	T/C
	3.95 ± 0.73
	3.86 ± 0.64
	0.72




	Data were expressed as mean ± SD. P < 0.05 indicated that the difference was statistically significant.









TABLE 3 Omegawave technology fitness scores.



	Omegawave parameters
	From October to December
	From January to March
	P-value





	Metabolic reaction index
	187.14 ± 44.06
	200.06 ± 22.51
	0.04



	Anaerobic readiness
	137.95 ± 2.83
	139.01 ± 2.36
	0.04



	Omegawave readiness
	6.00 ± 1.00
	6.22 ± 0.80
	0.12



	Cardiac system readiness
	6.31 ± 0.93
	6.5 ± 0.72
	0.30



	Central nervous system
	6.00 ± 0.84
	5.98 ± 1.14
	0.92




	Data were expressed as mean ± SD. P < 0.05 indicated that the difference was statistically significant.










Discussion

Judo athletes of different weight categories display divergent anthropometric and physiological parameters (1, 18), which warrants specific training programs for different weight categories (19, 20). However, previous studies pay more attention to adaptation to weight control (21, 22) while few explore adaptation to training programs for different weight categories so far. Recently, Kashiwagura et al. found that judo athletes of different weight categories display different preferences in gripping during attacks (20), which can help coaches to develop the best training strategies specific for different weight categories. However, few studies explored the strategies specific for various weight categories to enhance anaerobic or aerobic capacities in judo training. Particularly, as strength and body mass tend to be inversely related (1, 19), it's more mandatory to develop an effective strategy to further enhance the anaerobic capacity of the heaviest judo athletes. Meanwhile, heavyweight judo athletes are prone to suffer from more injuries, particularly knee injuries, than lightweight judo athletes (9, 10). As training load is one of the key aspect related to athlete injury (23, 24), it is mandatory to coordinate the training load of the heavyweight judo athletes to avoid injuries while increasing their performance. However, studies in which the training loads of heavyweight judo athletes were monitored were largely lacking so far. In this study, the load increase in the judo athletes of the female +78 weight category was verified or monitored through blood lactate or heart-rate-based metrics. Meanwhile, physiological parameters including T/C ratio, CK and BU remained comparable before and after climbing training. These results indicated that although the anaerobic training load imposed on the subjects during climbing training matched or even exceeded that during simulated matches, obvious muscular damage or fitness decrease seemed not to occur. This result suggested that the athletes had positive adaptation to the training load. Our observation was consistent with the study of Marques et al. in which the judo athletes display increases in judo-specific performance without significant changes in cortisol and testosterone concentrations during block periodization training (25).

In this report, we used Omegawave technology to monitor internal training load in the athlete before and during the introduction of climbing training (16). The three key metrics of the Omegawave technology including Omegawave Readiness, Cardiac System Readiness and Central Nervous System (Table 3) did not change significantly upon climbing training. This result suggested that the internal training loads remained generally unchanged and further supported that the athletes had positive adaptation to the training loads. This result was consistent with a previous study in which the judo athletes displayed no difference in the internal training load over 4 weeks of HIIT added to regular judo training although the internal training load was investigated through subjective rating of perceived exertion (RPE) in this study (5). Besides, two metrics of the Omegawave technology metabolic reaction index and anaerobic readiness were also increased upon climbing training, further supporting the increased anaerobic training load.

This study aimed at increasing the anaerobic training load in the judo athletes of the female +78 weight category, which was validated by the increased level of blood lactate, the direct marker of the anaerobic glycolytic system, during and upon the climbing training. This observation was consistent with previous studies (5, 26). However, notably, the level of blood lactate is not increased in certain other studies in which anaerobic exercise is also introduced into the regular training of judo athletes (4, 6). These different results may be attributed to different levels of stress onanaerobic metabolism conferred by different training protocols (2), different durations of training periods (26), or different movement efficiency achieved upon different training protocols (6) in different subjects (2, 6). In addition, interestingly, although the levels of blood lactate upon simulated matches tended to increase in the three-month climbing training, the increase was statistically insignificant and much less than that of the levels of blood lactate upon climbing training. This difference suggested a dilemma that although the anaerobic power of the subjects might be enhanced as revealed by the increased blood lactate upon the climbing training, this enhancement was not displayed significantly in the blood lactate level upon the simulated matches. This may be concerned with the difference between the climbing training protocol and the time-motion situation in the simulated matches. In this study, longer time (≥1 min) for each set was used in the training as did in certain HIIT judo training studies (27–30) while simulated matches were actually constituted by combat-pause cycles of shorter time (around 20 s per combat with an interval around 10 s) (2, 31). Therefore, it was possible that the overall workload of the anaerobic glycolytic system in the simulated matches might not be as high as that in the climbing training, which may help to explain the less increased lactate level upon the simulated matches. On the other hand, notably, the lactate levels in certain judo HIIT training studies (4, 32) in which less time were used for each set (20–30 s for a training set with a 5–10-s interruption) were not increased significantly, suggesting that the overall training load may not be high enough. Therefore, an equilibrium between increasing the blood lactate level and meeting the time-motion of the judo match in training protocol still awaited further exploration in future studies.

Like many other HIIT studies (4, 8), the HIIT protocol in this study aimed to increase anaerobic load might also increase aerobic load in the athletes as revealed by the fitness test, although the increase was not as significant as that of the anaerobic load. However, notably, certain interval training studies in judo displayed only marked increases in anaerobic parameters in the athletes without increases in aerobic ones (6, 7). Like the differences on the lactate level mentioned above, this difference may be attributed to different levels of stress on aerobic metabolism conferred by different training protocols or different durations of the same protocol in different subjects. For instance, Franchini et al., found that the subjects display an increase in upper-body maximal aerobic power upon 4-week upper-body HIIT training on the cycle-ergometer while Kim et al., demonstrate that elite judoists display no significant changes in aerobic performance upon 4-week or even 8-week sprint interval running on a treadmill (7). However, Kim's protocol seems to lead to improvement in aerobic performance after 12 weeks' training in the same subjects (8). The precise mechanism for different outcomes on aerobic performance remains unknown. Clarification of this issue may necessitate quantification of the stress on and of the adaptation of the aerobic energy system.

This study demonstrated the introduction of a protocol of sprint interval training on Versaclimber to the regular training of five elite female +78 kg judo athletes, resulting in significant improvements in the anaerobic training load without obvious muscular damage or fitness decrease. This protocol can be potentially applied to the training of anaerobic power of heavyweight judo athletes who need to manage their anaerobic training load and prevent from probable joint injuries.

Finally, two limitations of this study had to be acknowledged. First of all, lack of a control group was the major limitation of this study. As only the top-level female +78 kg judo athletes in the national team were subjected to comprehensive training mornitoring, we were not able to recruit more than five subjects, nor a control group. However, because the subjects had similar competition levels and training histories, we observed similar physiological parameters among them and similar response to the sprint climbing training. Besides, since this study was conducted during the training period before the Tokyo 2020 Summer Olympics, the subjects needed a uniform intervention for a fair competition, which made us unable to set a control group. Regardless, future studies with a bigger sample size and a control group are warranted. Secondly, as the climbing training was conducted during the intervals of regular training, the resulting effects of the climbing training may result cumulatively from the climbing and regular training, although numerous training load markers included in this report showed uniformed increases after the climbing training was introduced into the regular training. Whether similar results could be observed with the exclusive application of climbing training over a three-month period remains to be further elucidated. It cannot be excluded that more frequent or intensive training may be warrant to observe the effect described in this report.



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 Guangzhou Sport University Ethics Committee. 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

LH: Conceptualization, Project administration, Validation, Writing – original draft, Writing – review & editing. HY: Data curation, Formal analysis, Investigation, Writing – original draft. XW: Funding acquisition, Writing – original draft. HC: Conceptualization, Methodology, Supervision, Writing – original draft, Writing – review & editing.



Funding

The author(s) declare that financial support was received for the research and/or publication of this article. This research was conducted with financial support from the Department of Education of Guangdong Province of China (2023WCXTD011).



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. Franchini E, Del Vecchio FB, Matsushigue KA, Artioli GG. Physiological profiles of elite judo athletes. Sports Med. (2011) 41:147–66. doi: 10.2165/11538580-000000000-00000


	2. Da Silva LS, Neto NRT, Lopes-Silva JP, Leandro CG, Silva-Cavalcante MD. Training protocols and specific performance in judo athletes: a systematic review. J Strength Cond Res. (2021) 00:1–12. doi: 10.1519/JSC.0000000000004015


	3. Monteiro L, Massuça LM, Ramos S, Garcia-Garcia J. Neuromuscular performance of world-class judo athletes on bench press, prone row and repeated jump tests. Appl Sci. (2024) 14(7):2904. doi: 10.3390/app14072904


	4. Franchini E, Julio UF, Panissa VL, Lira FS, Gerosa-Neto J, Branco BH. High-Intensity intermittent training positively affects aerobic and anaerobic performance in judo athletes independently of exercise mode. Front Physiol. (2016) 7:268. doi: 10.3389/fphys.2016.00268


	5. Magnani Branco BH, Lopes-Silva JP, Da Silva Santos JF, Ferreira Julio U, Leme Gonçalves Panissa V, Franchini E. Monitoring training during four weeks of three different modes of high-intensity interval training in judo athletes. Arch Budo. (2017) 13:51–62.


	6. Kamandulis S, Dudeniene L, Snieckus A, Kniubaite A, Mickevicius M, Lukonaitiene I, et al. Impact of anaerobic exercise integrated into regular training on experienced judo athletes: running vs. repetitive throws. J Strength Cond Res. (2024) 38:e489–95. doi: 10.1519/JSC.0000000000004829


	7. Kim J, Lee N, Trilk J, Kim EJ, Kim SY, Lee M, et al. Effects of sprint interval training on elite judoists. Int J Sports Med. (2011) 32:929–34. doi: 10.1055/s-0031-1283183


	8. Lee N, Kim J, Hyung GA, Park JH, Kim SJ, Kim HB, et al. Training effects on immune function in judoists. Asian J Sports Med. (2015) 6:e24050. doi: 10.5812/asjsm.24050


	9. Kim KS, Park KJ, Lee J, Kang BY. Injuries in national Olympic level judo athletes: an epidemiological study. Br J Sports Med. (2015) 49:1144–50. doi: 10.1136/bjsports-2014-094365


	10. Blach W, Smolders P, Rydzik L, Bikos G, Maffulli N, Malliaropoulos N, et al. Judo injuries frequency in Europe's top-level competitions in the period 2005–2020. J Clin Med. (2021) 10(4):852. doi: 10.3390/jcm10040852


	11. Dillingham MF, King WD. Treatment and rehabilitation of cruciate and collateral ligament injuries in the knee. J Back Musculoskelet Rehabil. (1992) 2:42–53. doi: 10.3233/BMR-1992-2107


	12. Patel S, Amirhekmat A, Le R, Williams Iii RJ, Wang D. Osteochondral allograft transplantation in professional athletes: rehabilitation and return to play. Int J Sports Phys Ther. (2021) 16:941–58. doi: 10.26603/001c.22085


	13. Lee B, Deitrick R. Cardiorespiratory responses to versa climber and treadmill exercise testing in healthy individuals. J Cardiopulm Rehabil. (1994) 14:166–72.


	14. Brahler CJ, Blank SE. Versaclimbing elicits higher VO2max than does treadmill running or rowing ergometry. Med Sci Sports Exerc. (1995) 27:249–54. doi: 10.1249/00005768-199502000-00015


	15. Mermier CM, Robergs RA, Mcminn SM, Heyward VH. Energy expenditure and physiological responses during indoor rock climbing. Br J Sports Med. (1997) 31:224–8. doi: 10.1136/bjsm.31.3.224


	16. Heishman AD, Curtis MA, Saliba E, Hornett RJ, Malin SK, Weltman AL. Noninvasive assessment of internal and external player load: implications for optimizing athletic performance. J Strength Cond Res. (2018) 32:1280–7. doi: 10.1519/JSC.0000000000002413


	17. Edwards S. High performance training and racing. In: Edwards S, editor. The Heart Rate Monitor Book. Sacramento, CA: Fleet Feet Press (1993). p. 113–23.


	18. Casals C, Huertas JR, Franchini E, Sterkowicz-Przybycien K, Sterkowicz S, Gutierrez-Garcia C, et al. Special judo fitness test level and anthropometric profile of elite Spanish judo athletes. J Strength Cond Res. (2017) 31:1229–35. doi: 10.1519/JSC.0000000000001261


	19. Sterkowicz-Przybycien K, Miarka B, Fukuda DH. Sex and weight category differences in time-motion analysis of elite judo athletes: implications for assessment and training. J Strength Cond Res. (2017) 31:817–25. doi: 10.1519/JSC.0000000000001597


	20. Kashiwagura DB, Courel-Ibáñez J, Kashiwagura FB, Agostinho MF, Franchini E. Differences in judo attack systems between weight categories. J Sci Sport Exerc. (2022) 5:263–73. doi: 10.1007/s42978-022-00179-9


	21. Koral J, Dosseville F. Combination of gradual and rapid weight loss: effects on physical performance and psychological state of elite judo athletes. J Sports Sci. (2009) 27:115–20. doi: 10.1080/02640410802413214


	22. Escobar-Molina R, Rodriguez-Ruiz S, Gutierrez-Garcia C, Franchini E. Weight loss and psychological-related states in high-level judo athletes. Int J Sport Nutr Exerc Metab. (2015) 25:110–8. doi: 10.1123/ijsnem.2013-0163


	23. Eckard TG, Padua DA, Hearn DW, Pexa BS, Frank BS. The relationship between training load and injury in athletes: a systematic review. Sports Med. (2018) 48:1929–61. doi: 10.1007/s40279-018-0951-z


	24. Kalkhoven JT, Watsford ML, Coutts AJ, Edwards WB, Impellizzeri FM. Training load and injury: causal pathways and future directions. Sports Med. (2021) 51:1137–50. doi: 10.1007/s40279-020-01413-6


	25. Marques L, Franchini E, Drago G, Aoki MS, Moreira A. Physiological and performance changes in national and international judo athletes during block periodization training. Biol Sport. (2017) 34:371–8. doi: 10.5114/biolsport.2017.69825


	26. Miura M, Umeda T, Nakaji S, Liu Q, Tanabe M, Kojima A, et al. Effect of 6 months’ training on the reactive oxygen species production capacity of neutrophils and serum opsonic activity in judoists. Luminescence. (2005) 20:1–7. doi: 10.1002/bio.777


	27. Yamamoto Y, Nakaji S, Umeda T, Matsuzaka M, Takahashi I, Tanabe M, et al. Effects of long-term training on neutrophil function in male university judoists. Br J Sports Med. (2008) 42:255–9. doi: 10.1136/bjsm.2007.032011


	28. Koga T, Umeda T, Kojima A, Tanabe M, Yamamoto Y, Takahashi I, et al. Influence of a 3-month training program on muscular damage and neutrophil function in male university freshman judoists. Luminescence. (2013) 28:136–42. doi: 10.1002/bio.2352


	29. Papacosta E, Gleeson M, Nassis GP. Salivary hormones, IgA, and performance during intense training and tapering in judo athletes. J Strength Cond Res. (2013) 27:2569–80. doi: 10.1519/JSC.0b013e31827fd85c


	30. Bonato M, Rampichini S, Ferrara M, Benedini S, Sbriccoli P, Merati G, et al. Aerobic training program for the enhancements of HR and VO2 off-kinetics in elite judo athletes. J Sports Med Phys Fitness. (2015) 55:1277–84.25359131


	31. Miarka B, Cury R, Julianetti R, Battazza R, Julio UF, Calmet M, et al. A comparison of time-motion and technical-tactical variables between age groups of female judo matches. J Sports Sci. (2014) 32:1529–38. doi: 10.1080/02640414.2014.903335


	32. Franchini E, Julio U, Panissa V, Lira FS, Agostinho M, Branco B. Short-term low-volume high-intensity intermittent training improves judo-specific performance. Archives of Budo. (2016) 12:219–29.






OPS/images/fspor-07-1581361-g002.jpg
o)

=

<

0.0022

P=

L

>

=)

g

>

Il

&

o o =3 o

o n o n

: 2 8
(unwysyeaq) xewrdy

[

=

g

[l

[}

LY

o o o o

o n o n

8 B 2

(uiwysyeaq) yH abesany

L

=3 o o
0 =] o
=

(w) asueysip buiqun

0

o

P=10.0002
Hk

ek

®© ¥ «

100
80

21008

(S) XewyH%08 dA0qe dwi ]





OPS/images/fspor-07-1581361-g001.jpg
Blood lactate (mmol/L)

0

Time & Scene**

Time ***
ok

e

* %

F

January Feburary

March

El After training
=3 After matches

=

Blood lactate (mmol/L)






OPS/xhtml/Nav.xhtml




Contents





		Cover



		Sprint interval climbing increases anaerobic training load in elite female +78 kg judo athletes

		Introduction



		Methods



		Study design



		Subjects



		Versaclimber training program



		Simulated matches



		Climbing fitness test











		Statistics



		Results



		Anaerobic training load



		Versaclimber-based fitness test



		Physiological response and internal training load











		Discussion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Generative AI statement



		Publisher's note



		References




















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

Sprint interval climbing increases
anaerobic training load in elite
female +78 kg judo athletes








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





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





