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        Abstract


        The Brazilian Jiu-Jitsu (BJJ) is known for its efficiency and competitiveness, the modality has shown an increase in the practitioner's number and international level competitions, leading to worldwide popularization. Even with worldwide success and recognition, the number of studies on the modality did not follow this growth, which makes it difficult to categorize the sport and identify the factors related to injuries, which is essential to promote and plan interventions aiming at injury prevention. This study aimed to identify the factors related to injuries in competitors during a regional championship. This is a descriptive epidemiological cross-section, where the sample was selected for convenience. The sample was composed of 374 BJJ practitioners who competed in the regional championship, and they answered a questionnaire with 17 questions about the sports practice and injuries in BJJ. The competitors are in the adult and master categories according to age, in the light, medium, and super-heavy categories, based on weight, and they used to practice BJJ by hobby, between 3 and 4 times a week. Most participants (58.8%) reported already having been injured and the most injured structures were knee (32.7%) and shoulder (16.8%). The most-reported diagnoses were a ligament injury with (22.1%). According to with Odds Ratio analysis, the occurrence chance of injury is greater the longer the practice time in BJJ, when compared to those who practice less than 1 year, the chance of injury is 3 times greater in competitors who train 3-4 times a week than in competitors who train 1-2 times, and 6 times greater in competitors who train 5-6 times a week. The injury occurring chance is greater the longer the fighter practices the BJJ and the bigger the training frequency. The injury chance also increases in cases where the practitioner feels pain during warm-up. In contrast, the chance of injury is less as the duration of the warm-up period increases.
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        Introduction


        The Brazilian Jiu-Jitsu (BJJ) it's a grappling martial art, the word Jiu-Jitsu means gentle art and its purpose is to submit the opponent, which is to force them to give up the fight. This is achieved using techniques based on the levers system, by positioning a joint beyond the physiological limit of the range of motion [1,2].


        The literature has many papers on the benefits of physical activity for health [3], and about martial arts benefits [4]. As a physical activity, BJJ gives the practitioner access to a highly competitive modality that presents benefits for the body and mind, working large muscle groups, motor coordination, strength, balance, and self-confidence [5,6]. BJJ can be defined as an intermittent exercise, where it presents a high-intensity effort with a short rest period, with predominantly anaerobic lactic metabolism [7,8].


        The BJJ is known for its efficiency and competitiveness, the modality has shown an increase in the number of practitioners and competitions of international level, leading to the worldwide popularization of the BJJ [2,9,10]. The modality has gained characteristics of the sport, being practiced by individuals who aim to be athletes, but also by individuals who seek to improve their habits of life and work their body and mind [6,10].


        Another factor related to the worldwide recognition of BJJ is the growth of Mixed Martial Arts championships (MMA), where BJJ is one of the historical bases of the sport, and today, it is one of the main ways to compete in MMA [2,5]. In addition to having a historical representation in the biggest MMA tournament in the world, the Ultimate Fight Championship (UFC) [2,11]. BJJ techniques besides providing finalization can guide the fight for the knockout through takedowns, projections, and dominance positions on the ground.


        Even with the growth in the number of participants, worldwide success and recognition, the number of studies on the modality did not follow this growth, which makes it difficult to categorize the sport. The studies already define BJJ as a modality with high injury rates [1,12], but there is a gap in identifying which techniques are involved in the occurrence of injuries and relating them to the body part and the practitioner's experience.


        The injuries can be caused by intrinsic and extrinsic factors or both, the intrinsic factors are those related to the individual characteristics of the competitors, such as anthropometric characteristics, nutrition, and psychological factors. The extrinsic factors are those related to the environment, climate, equipment, training, and specificities of the modality [13]. The injury of the practitioner impairs the performance, which can lead to interruption of training and competition [14], and efforts should be made to avoid them, investigating the population is one of the most important factors for this [15].


        Considering the number of studies on the factors influencing the occurrence of injuries in BJJ, specifically in the population of competitors in Brazil, the present study aims to identify the factors related to injuries in competitors during a regional championship.


        Methods


        This is a descriptive epidemiological study, in which 374 Jiu-Jitsu practitioners of both sexes participated, with an average age of 24 ± 8 years, varying between 13 and 71 years. The sample was selected for convenience, during the "XIV Copa Leão Dourado de Jiu-Jitsu", a regional competition held by the Liga Brasileira de Jiu-Jitsu, held in the city of Betim, Minas Gerais, in 2011. All participants signed the informed consent form agreeing to participate in the research and answered a questionnaire composed of 17 questions (objective and discursive). Through an interview conducted by academics from the physiotherapy course at the Pontifical Catholic University of Minas Gerais.


        The questionnaire was developed and applied to BJJ practitioners by academics from the physiotherapy course of the Pontifical Catholic University of Minas Gerais - Brazil, under the guidance of experienced physiotherapist in research, and aimed to collect information to characterize the competitors practice in BJJ and injuries associated with it.


        A descriptive analysis was carried out to characterize the interviewees and their activities. The evaluation of the factors that influence the occurrence of injuries and the analysis of the injuries that occurred were made through the construction of a logistic regression model and by frequency tables, respectively. Hosmer and Lemeshow statistics were used to analyze the regression model. The level of significance used in the analyzes was 5% and the program used was the Statistical Package for the Social Sciences (SPSS) version 16.0. To verify the significance of the model, a Chi-Square analysis was applied.


        Results


        A total of 374 BJJ competitors were interviewed, the majority (93.6%) were males. The bodyweight of the competitors was on average 77.8 kilograms (kg), varying from 41 to 150 kg. A very low percentage of participants identified themselves as professional BJJ fighters (1.1%).


        Most BJJ practitioners (70.3%) perform some other physical activity, with weight training (32.1%) and soccer (13.6%) being the most frequent. Other fights (Muay Thai and Boxing) were also mentioned, but less frequently (4.8% and 2.1%, respectively)


        Considering the category by age, the majority of BJJ practitioners are in the categories Adult (47.3%) and Master (19.8%), totaling 67.1% of the sample. According to the weight, the interviewees are divided into categories, with the highest categories for the categories: middleweight (21.1%), light and super heavy (16.8% each), and medium-heavy (14.7%).


        The majority of the sample reported practicing sport by hobby (79.9%) and concerning practice time, most of them presented between 1 to 3 years (30.7%) and their graduation varied greatly (Table 1), the majority classified in the white (31.6%) and yellow (20.6%) belts, characterizing the sample as a beginner, which corroborates with the practice time previously presented, however, a considerable percentage is also pointed to the blue (16.8%), purple (11%) and black belt (10.2%).


        
          Table 1: Graduation in Jiu-Jitsu. View Table 1

        


        The sample was questioned on how many times they train BJJ in the week; most reported practicing the fight 3 to 4 times a week (51.6%), but a high percentage practiced 5 to 6 times (31%), presenting an average daily time of two hours of training and almost all (99.2%) perform some warmup before training, with an average duration of 30 minutes. The warming done by BJJ competitors is, in most cases, prepared by a graduated black belt (73.3%). Most of the interviewees (88%) didn't report pain or discomfort during warmup. However, those who reported pain reported most pain in the knees (42.2%) and in the shoulders (20%).


        When questioned if they were already injured practicing the modality, the majority (58.8%) reported already having been injured. Those who had already suffered an injury answered a series of questions. The characterization of the lesions is presented in Figure 1. For this part of the study will be considered the 220 competitors (those who reported having already suffered an injury), considering that each could have cited a maximum of three injuries.


        
          [image: ] Figure 1: Number of injuries practicing BJJ. View Figure 1

        


        As can be seen in Figure 1, most interviewees who were injured during the practice report having suffered one injury (67.3%), and most of them (39.4%) suffer the injury between 1 to 3 years. A total of 314 lesions involving several parts of the body were recorded. The most injured structures were knee (32.7%), shoulder (16.8%), ribs (9.2%), elbow (8.9%), and fingers (7.6%). The time since the occurrence of the lesion varies, but most competitors suffered injury one year or less before the study (55.1%). To visualize the relationship between injury, age, and graduation in the BJJ, a graph was constructed to present this relationship (Figure 2). In this figure it is possible to observe the distribution by age and how the longer the practice in sport increases the number of individuals who already suffered an injury. Concerning the situation in which the injury occurred, the majority reported having been injured during training (86.3%).


        
          [image: ] Figure 2: Graph showing relationship between injury, age, and graduation in the BJJ. View Figure 2

        


        The BJJ competitors who have suffered injury were asked about the technique practiced at the time of injury and the data are shown in Table 2. There were several techniques cited, the most of the sample don't remember how the technique was practiced when they suffer an injury (37.6%), takedowns (18.5%) were the most damaging techniques followed by armbar (6.4%). Injuries occurred practicing other techniques and variations represent 18.5%.


        
          Table 2: Techniques practiced when injuries occurred. View Table 2

        


        When questioned about the impact on injury in training, 20.4% of the competitors stayed away for 15 days, and for 24.5% they remained from 1 to 6 months without training because of the injury suffered. Most of the competitors who suffered injuries, 197 (62.7%), sought medical attention, and received a diagnosis. However, 131 (41.7%) didn't know/didn't remember the diagnosis. Among those who were able to respond, the most reported diagnoses were a ligament injury with 69 cases reported (22.1%), luxation/subluxation with 37 (11.8%), and fracture with 29 cases (9.20%). Of the 314 registered injuries, the majority (89.5%) received some type of treatment, where physiotherapy (22.6%), medication (22.3%), and ice (11.5%) were the most cited.


        Factors that impact on injury occurrence


        From the information obtained through the application of the questionnaire to the interviewees, some variables were chosen for the initial analysis, which will indicate whether there is a relationship between it and the occurrence of injury. Each variable was tested individually to verify its significance. For these analyzes, the Wald test was used, and the level of significance considered was p-value < 0.05. The results are shown in Table 3. Only the variables used (p-value less than 0.05) were included in the complete model.


        
          Table 3: Result of the individual models with each variable. View Table 3

        


        The model where there was the greatest explanation of the data variability and the best fit for the case is shown in Table 4. This model involves the variables: "Time of practicing jiu-jitsu", "Weekly practice of jiu-jitsu", "Duration of warm-up" and "Pain or discomfort during warm-up".


        
          Table 4: Results of the statistical model. View Table 4

        


        The variables contained in Table 4 are shown to be necessary to the model, given that the p-value of the tests is less than or close to 0.05 (the variables whose p-value was close to 0.05 were maintained in the analysis). The test presented in Table 5 indicates the significance of the final model built.


        
          Table 5: Omnibus test for model coefficients. View Table 5

        


        According to the Exp (B) (Odds Ratio) value shown in Table 4, it can be said that:


        1- The chance of injury occurring is greater the longer the interviewee practices jiu-jitsu when compared to the interviewees who practice less than 1 year.


        2- The chance of injury occurring is 3 times higher in practitioners who train 3-4 times a week than in practitioners who train 1-2 times. This value increases to 6 times in practitioners who train 5-6 times a week.


        3- The longer the duration of the warm-up, the less chance of injury.


        4- When the interviewee feels some pain or discomfort while warming up, the chance of having an injury is 2 times greater than that of someone who does not feel the pain or discomfort while warming up.


        Table 6 shows the percentage of correct classifications made using the constructed model. It is observed that 66.9% of the observations were correctly classified concerning the occurrence of injury.


        
          Table 6: Percentage of correct classifications made using the constructed model. View Table 6

        


        The result of the Hosmer-Lemeshow test (chi-square = 5.778; p-value = 0.672) indicates a good fit of the model built to relate the factors associated with the occurrence of injuries in BJJ practitioners.


        Discussion


        Brazilian jiu-jitsu is a sport of physical contact that, despite its general health benefits, involves techniques that predispose its practitioners to injuries [5,7,12,16-19], as also found in the present study, in which the majority of the competitors (58.8%) reported having been injured as a result of practicing the sport. Many factors can be associated with the occurrence of these injuries; in the present study, sports experience and training frequency are among the main causes of injuries.


        Sports-related injuries can result from intrinsic and extrinsic factors, being associated to overuse; direct contact, and lack of conditioning and soft tissue insufficiency [13,20]. In the case of BJJ specifically, overuse and direct contact factors can be the main causes of injuries in its practitioners. The dynamics and especially the techniques of the BJJ fight generate overloads in the joints (mainly in the joints of the upper and lower limbs) by forcing them to the extreme range of motion, often overcoming the tolerance of the tissues, which can result in microtrauma and, consequently, pain (approximately 12% of respondents reported the presence of pain associated with BJJ). This overload can occur during a single episode of the execution of a certain movement or due to repetitive movements [13,21].


        In the present study, knees (32.7%) and shoulders (16.8%) were the joints most cited as injured by the interviewees. Ligament injuries (22.1%) and dislocation/subluxation (11.8%) were the most common, with takedowns (18.5%) and armlock (6.4%) being the most cited techniques as the cause of these injuries.


        Injuries to the knee joint can be caused by a direct attack, as a kneebar (2.9%) or by transitions, like guard pressure (4.8%), sweeps (3.8%) and takedowns (18.5%) [9,22]. This probably occurred due to a body rotating around a fixed knee that is bearing weight, common to happen on takedowns, guard pressure, and sweeps, causing knees sprains [9,22,23]. Tegner [24] reports that throws and forward roll, when poorly executed, can cause trauma to the shoulders and lateral side of the knee, and that the anterior face of this joint can also be injured against the ground when the practitioner is over the opponent. Additionally, some sweeping techniques or joint attacks (kneebar), put the knee in flexion and internal rotation against the opponent's strength and knee extension, respectively. There is a relationship between this joint overload and the occurrence of ligament injuries [9]. According to Gurgel [25], in the execution of sweeps, a movement in which the BJJ practitioner is under the opponent and aims to unbalance him to invert the positions, the knee joint is often placed in a position of maximum extension against a load equivalent to the weight of the fighter, which makes the knee vulnerable to trauma.


        Regarding shoulder injuries, the results found in the present study contradict other studies that report the elbow as the most affected joint [5,9]. However, the difference observed between the number of injuries between shoulders and elbows is low in other studies [12,18]. This fact can probably be related to the different techniques used in throws and armlocks, which can affect the shoulders and elbows separately or simultaneously in a single stroke [9,26]. The armbar aims to cause hyperextension of the opponent's elbow [9] and to defend this attack, it is common to perform a lock with the hands (hadaka) and simultaneously a turn in the opposite direction to that of the attacked arm; a failure to defend the attack and/or a delay to signal the withdrawal from the fight can damage not only the elbow but also the anterior shoulder capsule [1]. Carpeggiani [27] reports that the force applied by the fighter during the blow is only interrupted with the opponent's withdrawal, which is usually due to some exacerbated painful stimulus. This can be secondary to an immediate trauma (dislocations, for example) or due to a pre-existing injury to the joint structures due to overuse. In the specific case of competitors. Pocceco, et al. [22] concluded that luxation and joint sprains are more prevalent among adult athletes and competitors, as they have higher levels of muscle strength.


        According to the literature, falls and armlocks are the most common injury mechanisms among competitors [1,9], while in individuals who practice sport as a hobby, the injury is more often caused by armlocks [12]. This difference may be because, normally, in competitions, the fight starts in the standing position, which is not always the case in training situations. Competitors normally train their takedown techniques more than non-competitors, as the competition rule rewards a takedown with points [28,29]. Even if there is a variation between competitors and non-competitors, the moment when the injury occurs is the same, the training. The injuries can lead to time loss, the competitor being unable to take a full part in training and/or competition [24]. In this study, who suffers an injury as a result of being away from sports practice at least for 1 month, similar to other findings [1,12]. Most of the participants reported practicing sport by hobby (79.9%). Therefore, a serious injury occurred during training can impact activities of daily living and employment, serious injuries are not common in martial arts [30], but in BJJ 34% of injuries are considered serious [1], which can lead to a high impact on the practitioner's life.


        According to the Odds Ratio analysis, the chance of injury occurrence is greater the longer the practice time in BJJ, when compared to those interviewed who practice less than 1 year, the chance of injury is 3 times greater in competitors who train 3-4 times a week than in competitors who train 1-2 times, and 6 times greater in competitors who train 5-6 times a week. Also, Odds Ratio findings with the majority of injuries occurring during training (86.3%), probably the BJJ injuries are related to extrinsic factors [13], when the high volume of training, many drills of the same technique, can lead to an overuse injury, direct blows to a joint (eg, armbar drills) can cause stretching of ligaments beyond the normal physiological range and permanent deformation [23], when multiple accumulative bouts of energy transfer could result in this kind of injury [29]. Another extrinsic factor can be related to injuries in BJJ, such as strength and conditioning programs and the use of protective equipment, like a thicker mat to reduce the impact on takedowns [31].


        The Odds Ratio suggests that longer warm-up time, leads to a lower chance of injury, perhaps the warm-up prepares the body for the jiu-jitsu practice, despite the literature don't have a consensus about the relationship between warm-up and injury prevention [32]. When the practitioner feels some pain or discomfort during warm-up, the chance of having an injury is 2 times greater than that of those who do not feel it during warm-up, which reinforces the possibility that extrinsic factors are deeply related to injuries in the BJJ.


        The findings in that study make it clear that BJJ is a sport with a high injury rate. Such Injuries can lead the fighter to develop joint instabilities more easily; therefore, it is suggested the inclusion of joint protection work as a way of preventing injuries in BJJ practitioners. According to the findings, competitors who warm-up before training suffer fewer injuries, the warm-up can evoke temperature, metabolic, neural, and psychology-related effects [23,33], but the type of warm-up carried out is very varied between teachers from different teams. As reported by 73.3% of the competitors, the person responsible for the warm-up is the black belt, which is recommended, but the black belt formation is not focused on injury prevention exercises but BJJ techniques. Therefore, it is recommended that the uniformity of this warm-up by a health professional, not to replace the teacher, but to train him for this task, mainly since most injuries occurred at the time of BJJ training. The professor needs to understand that a lower incidence of injury increases the permanence of students in the gym who only want to practice a sport and also increases the chance of success for the athletes and the team.


        In this sense, we believe that neuromuscular training and proprioception training can be effective in preventing injuries, due to the ability to prepare and strengthen the body for the specific demands of the sport [34,35] and to be carried out for at least 30 minutes. Also, neuromuscular and proprioception training can be performed in the form of a drill, which would not hinder anything because it is a common exercise in BJJ training. Further studies must investigate how is the BJJ warm-up and preconize an injury prevention protocol [10], as already has been well done in soccer [36], the most popular sport in Brazil and the world.


        An important point to be highlighted is that in the present study, individuals aged 13 to 71 years were included, that is, the model did not rely only on data from adults. The age showed a correlation with the chance of injury, but only for the master category, which again reinforces the issue of extrinsic factors related to injury, probably related to chronic unbalances leading to injuries. After realizing the analysis of the data and compare to the literature, no study was found related to the practice of BJJ in children, related to injury or not. The time of practice of BJJ influences the occurrence of injury, but it would be interesting to study the effects on those who practice since childhood and those who started practicing in adulthood.


        Conclusion


        About the occurrence of injuries, it is concluded that the chance of injury occurring is greater the longer the fighter practices the BJJ and the longer the number of training days. The chance of injury also increases in cases where the practitioner feels pain during warm-up. In contrast, the chance of injury is less as the duration of the warm-up period increases. The authors know the limitations of linear analysis used in the present study, however, know the factors related to injuries prevalence it's the first step to prepare a specific protocol. Besides, authors encourage competitors and professors, to monitor these variables in the training plan, all aiming for the reduction in the incidence of injury in BJJ competitors.
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