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The present study investigated the effect of intense and tapering training periods using different exercise modalities (i.e., Randori – grip dispute practice without throwing technique, Uchi-komi – technique repetition training, and sprinting) on rating of perceived exertion (RPE), well-being indices, recovery state, and physical enjoyment in judo athletes. Sixty-one adolescent male and female judo athletes (age: 15 ± 1 years) were randomly assigned to one of three experimental or one control groups. Experimental groups (Randori, Uchi-komi, and running) trained four times per week for 4 weeks of intense training (in addition to their usual technical-tactical judo training; control group underwent only such a training) followed by 12 days of tapering. RPE, well-being indices [i.e., sleep, stress, fatigue, and delayed onset muscle soreness (DOMS)], total quality of recovery (TQR), and physical enjoyment were measured every session. RPE, sleep, stress, fatigue, DOMS, Hooper index (HI; sum of wellbeing indices), and TQR were lower in the tapering compared with the intensified training period (P < 0.001). Moreover, the running group showed better values for sleep (P < 0.001), stress (P < 0.001), fatigue (P = 0.006), DOMS (P < 0.001), and HI (P < 0.001) in comparison with the other training groups, indicating a more negative state of wellbeing. The Randori and Uchi-komi groups showed higher values for TQR and physical enjoyment (both P < 0.001) than the running group, whereas RPE was lower in the control compared with all training groups (P < 0.001). Coaches should use more specific training modalities (i.e., Randori and Uchi-komi) during intensified training and should monitor well-being indices, RPE, and TQR during training periods. Moreover, for all variables, 12 days tapering period are beneficial for improving wellbeing and recovery after 4 weeks of intense training.
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INTRODUCTION

Judo is a dynamic grappling combat sport characterized by high-intensity intermittent actions, requiring complex skills and tactical excellence for success (Franchini et al., 2011). It has been reported that judo athletes need to predominantly develop aerobic metabolism to supply sufficient energy throughout the 4-min judo match, whereas the high-intensity scoring and defensive actions are mainly supported by anaerobic high-energy phosphate and glycolytic energy systems (Julio et al., 2017). Each energy system responds best to different training stimuli, and each supports different physical components of judo matches. Therefore, many studies have been conducted to examine the effect of different training modes to enhance physiological aspects that are directly related to success in judo competition (Papacosta et al., 2013; Franchini et al., 2016a, b; Ouergui et al., 2019).

Among these modalities, high-intensity intermittent training (HIIT) has emerged as a training regimen commonly used for judoka athletes. This training modality has demonstrated efficacy in developing both aerobic and anaerobic performance (Franchini et al., 2016a, b). Although effective, HIIT imposes heavy training loads on athletes and therefore must be well controlled because an increase in training loads coupled with insufficient recovery between training sessions may cause non-functional overreaching and injury (Magnani Branco et al., 2017). Furthermore, it was reported that intensified training (i.e., increased training loads) is related to psychometric status in athletes, which can be influenced by workload, fatigue accumulation, imbalance between training and recovery, and training modality (Selmi et al., 2018b).

Intense training generally induces significant neuromuscular, physiological, and hormonal responses that lead to changes in well-being and recovery state (Hooper et al., 1995). Furthermore, tapering, or a brief period of reduced physical demands usually performed after an intense training period, is used across many sports and allows for manifestation of mental and physical performance improvements after being negatively affected by a previous intense training period (Papacosta et al., 2013). For that reason, markers of well-being and recovery state associated with intense training and tapering periods have received much attention in recent years (Papacosta et al., 2013; Selmi et al., 2019). However, well-being and recovery have not been examined during intense training and tapering periods in judo.

Self-report questionnaires are widely used in sport to determine perceived intensity, well-being, and recovery state and to monitor physiological and psychometric status of athletes (Selmi et al., 2019). To monitor well-being, Hooper and Mackinnon (1995) developed a set of scales to assess sleep quality, fatigue level, stress, and delayed onset muscular soreness (DOMS). These scales are sensitive to higher training loads and intensified training (i.e., high stress, poor sleep quality, fatigue, and higher DOMS; Moalla et al., 2016). Moreover, Kenttä and Hassmén (1998) developed the total quality recovery (TQR) scale to assess recovery state between training sessions. It was shown that TQR score can be influenced by increased training loads (Freitas et al., 2014), recovery state and muscular fatigue (Osiecki et al., 2015), and that athletic performance may be affected by the quality of recovery (Selmi et al., 2019).

Furthermore, the level of perceived physical enjoyment during training influences training adherence. When intensified training is perceived as enjoyable, it may produce positive mood states, improved vigor, and increased motivation in athletes (Selmi et al., 2018b). Recent studies reported that exercise mode affects perceived enjoyment, but enjoyment is not necessarily associated with physiological demands of training session, subjective training intensity, or recovery quality (Thum et al., 2017; Selmi et al., 2019). Training monitoring studies have indicated that young judo athletes (cadets and juniors) cope well with increased effort when a periodized training program is used (Agostinho et al., 2015, 2017) but studies verifying the effects of intensified training and a subsequent tapering period on rating of perceived exertion (RPE), well-being indices and recovery state, and physical enjoyment are lacking. Such studies may help coaches and strength and conditioning professionals to better understand the impact of intensified training in these athletes, allowing for improved training monitoring and prescription.

To the authors’ knowledge, no previously published study has investigated the changes in well-being indices and recovery state during intense training and tapering periods in judo athletes. These athletes’ recovery status is very important within their health and performance management. Coaches need to optimize recovery achievement by carefully controlling training load (Bromley et al., 2018). Thus, the aim of this study was to investigate the effect of intense and tapering training periods using different exercise modalities on RPE, well-being indices, recovery state, and physical enjoyment in judo athletes.



MATERIALS AND METHODS


Participants

Sixty-one judo athletes (male, n = 35; and female, n = 26) volunteered to participate in the study. Using an effect size of 0.3 based on the study of Franchini et al. (2016b) and the software G∗Power with α and power fixed at 0.05 and 0.95, respectively, the resulting a priori sample size was 40. The athletes were randomly assigned to either a Randori [viz. grip dispute practice without throwing technique, RG, males n = 8 and females n = 6, age 16 ± 1 years, height 171.0 ± 0.8 cm, and body mass 58.4 ± 7.4 kg (mean ± SD)], Uchi-komi (i.e., technique repetition training, UG, males n = 10 and females n = 6, age 15 ± 1 years, height 164.2 ± 0.8 cm, and body mass 58.9 ± 8.3 kg), running (RuG, male n = 9 and female n = 8, age 15 ± 1 years, height 162.5 ± 1.1 cm, and body mass 55.8 ± 3.2 kg), or a control group (CG, males n = 6 and females n = 6, age 15 ± 1 years, height 159.2 ± 0.5 cm, and body mass 56.8 ± 5.4 kg). Randomization was performed using a random assignments Excel spreadsheet (Excel 2007, Microsoft Office, Microsoft, Redmond, WA, United States). The control group performed regular judo training consisting of a technical-tactical judo training routine. Experimental groups were administered HIIT sessions, twice per week. Additionally, participants of all groups trained four sessions per week (1 h 30 min/session) and had more than 7 years of experience in judo practice, participating regularly in regional and national competitions for at least 2 years prior to the enrolment in the study. Athletes reported no medical restrictions during the experimental period. The study was conducted according to the Declaration of Helsinki for human experimentation (World Medical Association, 2013) and the protocol was fully approved by the local research ethics committee before the start of the study. All the athletes, their parents, and coaches gave written informed consent after a detailed explanation of the aims and risks involved in the investigation.



Methodology

One week before the beginning of the experimental period, athletes were familiarized with the testing procedures including all scales and questionnaires. Athletes were randomly assigned either to a control group (CG) or to one of three experimental groups: Randori (RG), Uchi-komi (UG), and running (RuG; Figure 1). In order to control main growth variables, height and body mass were compared among different groups. Athletes in experimental groups completed HIIT training in their assigned training modality twice a week during a 4-week intense training period in addition to their usual technical-tactical judo training. The control group executed only the usual judo training without additional HIIT. Following the intense training period, athletes completed 12 days of tapering where HIIT volume was reduced. Before each training session, perceived recovery was assessed by the TQR scale and well-being indices scores (i.e., stress, sleep quality, fatigue, and DOMS). Then, athletes completed a 15-min standardized warm-up consisting of jogging, dynamic stretching, and specific skills (e.g., technique entrance). Following the warm-up, athletes carried out their assigned training for that day. After each training session, athletes indicated their RPE for that session. Moreover, physical enjoyment was assessed at the ends of the intensified and tapering training periods using the physical activity enjoyment scale (PACES). Training sessions and all measures were conducted at the same time of day and the study took place during the competitive period of the season.
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FIGURE 1. Schematic representation of study design. RPE, rating of perceived exertion; TQR, total quality of recovery; DOMS, delayed onset muscle soreness; PACES, physical activity enjoyment scale.




Measures


High-Intensity Intermittent Training Program

During the intense training period, each HIIT training session lasted 14 min 40 s, not including warm-up and cool-down phases. The workouts were composed of two blocks of 4 min 50 s of HIIT exercises (10 × 20-s efforts separated by 10-s rest breaks). Athletes recovered for 5 min between blocks (Franchini et al., 2016a, b). During the tapering period, HIIT volume was reduced to only one block. Athletes performed each session using their assigned training modality at an “all-out” intensity (Franchini et al., 2016b). For the Randori group, athletes were grouped by weight categories and asked to spar in a standing combat phase ensuring the Kumi-kata (i.e., grip dispute) with attempts to execute techniques without throwing. For the Uchi-komi group, athletes were asked to perform repetitive technical entrance without throwing, with a single partner from the same weight category. Uchi-komi refers to the repeated practice of executing the technique without throwing and with a single partner in stationary position. For the running group, athletes were asked to run back and forth as fast as possible between two lines separated by 6 m as used in a specific judo fitness test (Sterkowicz et al., 1999). Regular judo training was carried out after HIIT during both training periods.



Subjective Well-Being and Recovery State

Athletes completed the well-being questionnaire (Hooper and Mackinnon, 1995) and TQR scale 15 min before each training session to assess well-being and recovery state. The well-being questionnaire consists of four items (stress, sleep quality, fatigue, and DOMS) and sum of these four variables’ scores was used to calculate the Hooper index (HI). Higher scores indicate more stress, fatigue, and DOMS, worse sleep quality, and poorer overall recovery. TQR scale was used to assess athletes’ recovery state and was reflective of the response to the preceding training day (Kenttä and Hassmén, 1998). Higher TQR scores reflect better recovery.



Rating of Perceived Exertion

Rating of perceived exertion was recorded 15–30 min after each training session using the Borg CR-10 RPE scale (adapted by Foster et al., 2001).



Physical Activity Enjoyment Scale

The PACES questionnaire was used to assess physical enjoyment (Kendzierski and DeCarlo, 1991). This scale contains 18 items and the overall physical activity enjoyment score was generated by summing the individual item scores.



Statistical Analysis

Data are presented as mean ± standard deviation. Statistical analyses were performed using SPSS 20.0 statistical software (SPSS Inc., Chicago, IL, United States). Normality of data sets was verified using the Kolmogorov–Smirnov test. Sphericity was tested using the Mauchly test. A two-way (group × time-point) analysis of variance (ANOVA) with repeated measures on time-point was used. A Bonferroni post hoc test was applied to detect the location of any main or interaction effects. Standardized effect size (Cohen’s d) analysis was used to interpret magnitude of differences between variables and classified according to Hopkins1. Moreover, upper and lower 95% confidence intervals of the difference (95% CIds) were calculated for the corresponding variation. Significance level was set at P ≤ 0.05.



RESULTS

Regarding height, there was a significant difference among groups (F3,55 = 465.07 and P < 0.001), with Randori athletes taller than Uchi-komi ones (P = 0.0017). Uchi-komi athletes were taller than running and control ones (P < 0.001 for both comparisons). Likewise, running athletes were taller in comparison with control ones (P < 0.001). Differently, body mass was not different among groups (F3,55 = 0.8026 and P = 0.4978).

Rating of perceived exertion differed between groups (F3,1254 = 31.354 and P < 0.001, Table 1), with lower values for control compared with Randori (P < 0.001), Uchi-komi (P < 0.001), and running (P < 0.001)2. There was also a time-point effect (F21,1254 = 7.109 and P < 0.001), with higher values for 1st in comparison with 18th (P = 0.001), 19th (P = 0.002), 20th (P < 0.001), 21st (P < 0.001, respectively), and 22nd (P = 0.011) training sessions; higher values for 3rd in comparison with 18th training session (P = 0.006); higher values for 2nd (P = 0.0032), 8th and 9th (P = 0.01 and P = 0.023, respectively), and 15th and 16th (P = 0.01 and 0.006, respectively) in comparison with 20th training session. Moreover, there were higher values for 10th and 11th in comparison with 18th (P = 0.001), 19th (P = 0.005 and P < 0.001, respectively), 20th (P < 0.001 for both comparisons), 21st (P < 0.001 for both comparisons), and 22nd (P = 0.0027 and P < 0.001, respectively) training sessions; higher values for 12th and 14th in comparison with 18th (P = 0.002 and P = 0.001, respectively), 19th (P = 0.003 and P = 0.002, respectively), 20th (P < 0.001 for both comparisons), 21st (P < 0.001 for both comparisons), and 22nd (P < 0.001 and P = 0.013, respectively) training sessions.


TABLE 1. Total quality of recovery and perceived exertion measured during intensified training and tapering periods in Randori (RG), Uchi-komi (UG), running (RuG), and control (CG) groups (mean ± SD; RG n = 14; UG n = 16; RuG n = 17; and CG n = 12).

[image: Table 1]Sleep quality was different between groups (F3,1254 = 6.164 and P < 0.001, Table 2). Higher values (i.e., poorer sleep quality) were observed for running than for Randori (P < 0.001) and control (P = 0.038). Moreover, there was a time-point effect (F21,1254 = 1.599 and P = 0.042) with higher values for 1st compared with 7th (P = 0.002) and 8th training sessions (P = 0.012).


TABLE 2. Well-being indices measured during intensified training and tapering periods in Randori (RU), Uchi-komi (UG), running (RuG), and control (CG) groups (mean ± SD; RG n = 14; UG n = 16; RuG n = 17; and CG n = 12).

[image: Table 2]Stress was different between groups (F3,1254 = 46.299 and P < 0.001). Lower values were observed for Randori (P < 0.001 for both comparisons) and Uchi-komi (P < 0.001 for both comparisons) compared with running and control groups. Moreover, a time-point effect was detected (F21,1254 = 3.005 and P < 0.001), with higher values for 1st compared with the 6th, 7th, 8th, 9th (P = 0.002, 0.002, 0.014, and 0.042, respectively), 21st (P = 0.028), and 22nd (P = 0.001) training sessions; higher values for 2nd compared with 7th training session (P = 0.036) and for 6th compared with 10th training session (P = 0.009).

Fatigue was different between groups (F3,1254 = 4.199 and P = 0.006). Higher values were observed for running than for Randori (P = 0.046) and control (P = 0.01) groups. Fatigue was also different across time-points (F21,1254 = 3.223 and P < 0.001), with higher values in 1st compared with 3rd (P = 0.003), 6th (P < 0.001), 7th (P < 0.001), 8th (P = 0.028), 19th (P = 0.012), 20th (P = 0.017), and 22nd training sessions (P = 0.002) and lower values in 6th compared with 13th (P = 0.004) and 14th training sessions (P = 0.027).

Delayed onset muscle soreness was different between groups (F3,1254 = 11.006 and P < 0.001). Higher values were observed for Randori, Uchi-komi, and running groups than for controls (P < 0.001, P = 0.001, and P < 0.001, respectively). A time-point effect was revealed (F21,1254 = 3.249 and P < 0.001), with lower values in 21st compared with 5th training session (P = 0.004), lower values in 21st and 22nd compared with 10th training session (P = 0.007 and P = 0.0013, respectively), lower values in 20th, 21st, and 22nd compared with 13th (P = 0.001, 0.001, and 0.001, respectively), and 18th training sessions (P = 0.009, 0.001, and 0.001, respectively).

Hooper index was different between groups (F3,1254 = 13.757 and P < 0.001). Higher values were observed for running compared with Randori (P = 0.002), Uchi-komi (P = 0.002) and control (P = 0.002) training groups. A time-point effect was detected (F21,1254 = 3.268 and P < 0.001), with higher values in 1st compared with 7th (P < 0.001), 8th (P < 0.001), 19th, 20th, 21th, and 22nd (P = 0.0027, 0.007, 0.002, and 0.002, respectively) training sessions, lower values for 7th in comparison with 10th and 13th (P = 0.0031 and 0.0038, respectively) training sessions.

Total quality recovery was different between groups (F3,1254 = 7.075 and P < 0.001, Table 3). Lower values were observed for running compared with Randori (P = 0.004), Uchi-komi (P = 0.001), and control groups (P = 0.002). A time-point effect was found (F21,1254 = 3.239 and P < 0.001), with higher values at last compared with 1st (P = 0.006), 3rd (P = 0.005), 5th (P = 0.045), 10th (P = 0.002), 13th (P = 0.028), and 17th (P = 0.004) training sessions. Additionally, the 8th session values were higher than those at 10th (P = 0.038), whereas 10th training session values were lower than 18th (P = 0.033) and 21st (P = 0.0038) training sessions.


TABLE 3. Physical enjoyment values [arbitrary unit] measured before and after intensified training and tapering periods (mean ± SD; RG n = 14; UG n = 16; RuG n = 17; and CG n = 12).

[image: Table 3]Enjoyment was different between groups (F3,171 = 30.021 and P < 0.001). Lower values were observed for running compared with control (P < 0.001), Randori (P < 0.001), and Uchi-komi (P < 0.001) training groups. No significant time-point effect was observed for enjoyment.



DISCUSSION

The present study is the first to investigate the effects of intensified training followed by a tapering period using different training modalities on RPE, well-being, and physical enjoyment among young judo athletes. The main findings were that RPE was lower and well-being indices and recovery state were improved during the tapering period compared with the intense training period in all groups. Moreover, sleep quality, stress, fatigue, DOMS, and overall well-being (HI) was better in the Randori and Uchi-komi groups than in the running training group. Likewise, specific judo training modalities elicited higher values for TQR and physical enjoyment compared with running, whereas RPE did not differ across experimental groups.

Rating of perceived exertion represents a subjective tool used to inform and tailor workload during judo training (Magnani Branco et al., 2017). In the present study, RPE values decreased during the tapering period compared with the intense training period. This finding confirms that fatigue was reduced during the tapering phase, likely due to reduced training load. Moreover, subjective intensity measured by RPE was similar between running, Randori, and Uchi-komi groups, indicating a similar level of effort exerted regardless of training modality. Similar RPE between training modalities was previously observed in a study comparing Uchi-komi and upper- and lower-body cycle ergometer exercises (Magnani Branco et al., 2017). It is likely that the instruction to exert all-out effort, activation of large muscle groups, and the same time-structure for all training modalities contributed to similar subjective intensity among exercise modes.

Well-being indices (i.e., sleep, stress, fatigue, and DOMS) are used to monitor training and to avoid negative signs of intense training (Selmi et al., 2019). The results of present study indicated that sleep quality was worse at the beginning of training compared with the middle of the intense training period and was not different between training periods. Although HIIT volume was reduced during tapering, it appears that the changes in training load throughout the study did not substantially alter sleep quality of judo athletes. Similar results were recently observed by Lastella et al. (2018). In that study, sleep behavior was not affected by training load variation during a 14-day training camp in adolescent female elite basketball players. However, training modality may have a greater effect on sleep than training load. For example, Kölling et al. (2016) showed that HIIT resulted in sleep disturbances, whereas strength training group did not alter participants’ reported sleep quality. Similar outcomes were observed in the present study, where the poorest sleep quality was reported in the running group, and this was significantly lower than in the Randori and control groups. It is possible that non-sport-specific training impairs sleep quality to a greater degree than sport-specific training.

The results of present study showed that stress scores decreased across sessions, which may reflect a psychometric adaptation to training. Moreover, stress levels were lower during the tapering period. Similarly, Hooper et al. (1999) reported that the reduced training load during tapering reduced stress in athletes. Furthermore, lower stress scores were observed with Randori and Uchi-komi training in the present study, which suggests that the two types of judo-specific training modalities induced same amount of subjective stress, whereas intense non-sport-specific athletic training (running) resulted in increased psychological disturbance. Other studies examining psychometric responses to different training modalities in team sports athletes also found that intense general athletic exercise induced mood disturbances and stress (Saanijoki et al., 2015; Selmi et al., 2018b). The judo athletes in the present study were likely more motivated by combat opposition and technical creativity involved in sport-specific Randori and Uchi-komi training, possibly contributing to the low stress scores observed for these groups. When asked to attribute pleasure scores to exercises used in their training routine, Olympic judo athletes reported high values for judo-specific exercises, which were their main training activities (Franchini and Takito, 2014). Additionally, the results of the present study are consistent with those of Selmi et al. (2020) which reported that high-intensity training leads to positive affective responses when using sport-specific exercise modalities (i.e., small-sided games in soccer players) compared with a non-specific training modality. Therefore, it is likely that sport-specific exercises are preferred by and more motivating for athletes, resulting in lower stress scores compared with non-sport-specific exercises.

Fatigue decreased across training sessions, suggesting that athletes adapted to intensified training. Furthermore, fatigue recorded during the tapering period was lower than during intense training, indicating that reducing training volume successfully reduced fatigue. It was previously reported that decreasing training frequency may interact with other training variables such as volume and intensity (Bosquet et al., 2007). Likewise, the results of present study are consistent with findings of Papacosta et al. (2013) showing decreased fatigue and improved total mood scores during a 2-week tapering period in judo athletes. Reduced fatigue scores during tapering may reflect positive adaptive responses resulting from a physical performance enhancement as reported by Flatt et al. (2017). These authors reported that fatigue score returned to baseline values during a tapering period after intensified training leading to successful competition in swimmers. In the present study, fatigue was higher in the running versus the Randori and control groups, suggesting that running produced greater muscle fatigue. It is possible this increased fatigue was due to the novelty of running training since athletes were more familiar with other training modalities. Randori and Uchi-komi are sport-specific judo exercises performed for technical-tactical preparation as well as physical conditioning (Franchini and Takito, 2014).

Delayed onset muscle soreness scores were higher during the intensified training period and decreased during the tapering period, showing that muscle damage decreased with reduced training load (i.e., training volume). The results of the present study are in agreement with those of Papacosta et al. (2013) who found that muscle soreness was reduced by decreased training volume during tapering reflected by decreased in plasma creatine kinase (CK) activity (Papacosta et al., 2013). Furthermore, higher DOMS scores were recorded for all HIIT groups versus control in the present study. High-intensity or prolonged exercises lead to elevation of inflammatory responses, including during judo-specific training (Detanico et al., 2017). Moreover, judo is a dynamic sport that incorporates a variety of movements, such as eccentric muscle contractions and high impact forces, that can induce a high degree of muscle damage (Papacosta et al., 2013; Detanico et al., 2015). Thus, increase of muscle soreness in all HIIT groups may have resulted from high-intensity training sessions added to the regular judo training regimen. Franchini et al. (2016b) showed that muscle damage markers [i.e., CK, lactate dehydrogenase (LDH), aspartate aminotransferase (AST), and alanine aminotransferase (ALT)], assessed before and after four bouts of the Wingate test, increased only after upper- and lower-body high-intensity intermittent protocols were performed compared with pre-test values. Similarly, Franchini et al. (2016a) reported that CK, LDH, AST, and ALT increased after match simulations and that CK concentrations were the same for lower-body and Uchi-komi and decreased for upper-body (i.e., smaller quantity of active muscle mass) training group. In the present study, HI measured during tapering was lower than during the intense training period. HI is sensitive to variation in training load, where lower scores are associated with reduced workload (Fessi et al., 2016). The pattern of decrease in HI was similar to that of fatigue, suggesting that reduced fatigue due to decrease in volume and training frequency may have driven the reduction in HI during tapering. Results also indicated that HI for the running group was higher than that of the other groups. This finding suggests that increased HI during running training may be a sign of participants’ psychometric disruption (Selmi et al., 2018b). It has been reported that a poor (high) HI negatively influences athlete activity and produces emotional disturbances during training (Nedelec et al., 2014). Moreover, Hooper et al. (1995) indicated that HI can be used to detect excessive training stress. HI may also be used to avoid potential maladaptive physical and psychometric effects and is strongly associated with exercise performance and positive mood (Selmi et al., 2018b). Thus, higher DOMS and fatigue values recorded for running may drive higher HI ones compared with other training modalities.

Total quality of recovery is an easy and useful tool for monitoring recovery status of athletes (Kenttä and Hassmén, 1998). To the authors’ current knowledge, the impact of different training modalities, especially in combat sport athletes, on TQR has not yet been examined. The present study showed that TQR scores during the intense training period were lower than those measured during tapering, indicating that recovery status is positively related to training volume and frequency reduction. Similarly, Selmi et al. (2018b) reported that recovery state was strongly associated with reduced fatigue, low HI, and athletic training performance. Moreover, in the present study, TQR score was lower in running compared with other groups. One possible explanation is that quality of recovery is sensitive to well-being and emotional state of athletes as various emotional states can either interfere with or enhance the process of recovery (Sonnentag and Fritz, 2007; Nedelec et al., 2014). Furthermore, the repetition of high-intensity running with change of direction may have induced greater neuromuscular fatigue and impaired recovery to a greater degree than the sport-specific training modalities. The sport-specific modalities were based on maximizing technical capacities (i.e., Uchi-komi) or offensive and defensive skills (i.e., Randori), which appear to be more motivating. This may have positively affected the athletes’ emotional state, thereby enhancing their perceived recovery (Lundqvist and Kenttä, 2010).

Finally, selecting specific and motivating exercises is critically important for athletes, as physical enjoyment is strongly related to athlete motivation and is a key factor in commitment and performance (Selmi et al., 2018a). The results of the PACES questionnaire in the present study showed that judo athletes did not enjoy running as much as the other training modalities (i.e., Randori, Uchi-komi, and control groups). It is possible that running was perceived as less motivating and monotonous, which may have negatively affected mood and emotional state (Selmi et al., 2018a). For athletes, running training appears to be unpleasant, negatively perceived, and discouraging, which may explain lower physical enjoyment scores (Saanijoki et al., 2015). In contrast, specific judo training (i.e., Randori and Uchi-komi) elicited higher physical enjoyment. Previously, performing technical actions and specific combat skills produced better emotional responses compared with running training in Olympic judo athletes (Franchini and Takito, 2014). Furthermore, a recent study in soccer players demonstrated that exercise based on technical actions (e.g., small sided games) was perceived to be more enjoyable than general athletic training (Selmi et al., 2020). Altogether, physical enjoyment appears to reflect attitude, sport preference, and intrinsic motivation and varies according to exercise modality.

Although the present study has direct and considerable practical implications, some limitations should be highlighted. Firstly, participants’ maturation status was not controlled. In spite of being homogeneous in terms of chronological age, investigated 14–17 years old participants were still in the process of growth and maturation and that could have interfered with their perceived exertion, well-being, and recovery measures. Indeed, there were some height differences among groups in favor of experimental groups, in particular Randori and Uchi-komi, suggesting some growth differences. Future studies should pay more attention to participants homogeneity. Secondly, physical and physiological measures were not performed. Future studies should investigate changes in physical performance and physiological responses during intense training and tapering periods and their relationship with changes in psychometric state.



CONCLUSION

The present study demonstrated that RPE was lower and well-being and recovery state improved during tapering following an intense training period. Moreover, running induced greater sleep disturbances, stress, fatigue, DOMS, and poorer well-being compared with sport-specific training groups. In contrast, Judo athletes enjoyed Randori and Uchi-komi more than running and perceived better recovery during sport-specific training. These differences cannot be explained by level of effort since RPE did not differ across groups. The results of present study suggest that coaches should monitor well-being indices, perceived exertion, and recovery state during different judo training periods. These variables are generally associated with performance of judo athletes. Moreover, to enhance motivation and engagement, it is recommended that coaches use specific judo exercises for athletes’ physical conditioning when practical. Finally, psychometric and recovery state adaptation to training occurred over 12 days of tapering and thus coaches should be aware that 12 days of tapering after 4 weeks of intensified training are effective during the competitive phase in judo.
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