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Background: Previous studies have shown that athletes accustomed to higher chronic workloads are less susceptible to injury than those exposed to lower chronic workloads. However, few studies have evaluated whether previous injury influences them. Therefore, this study investigated the impact of previous injuries on subsequent training loads, physical fitness, and injury rates in female youth basketball players.Methods: Training load, physical fitness, and injuries of 18 young female basketball players (age 16.8 ± 1.4 years) were monitored. Previous injury status was clustered using the K-means clustering algorithm to separate players into high-risk and low-risk groups. Linear mixed models were used to analyze the effects of previous injury status on subsequent training load and physical fitness. Meanwhile, the differences between the players’ injury groups were analyzed.Results: Previous injury status can significantly impact a player’s subsequent training loads, including acute loads, chronic loads, skill-based training loads, training monotony, and training strain (all p < 0.05). The two groups had no significant differences in physical fitness (all p > 0.05). Furthermore, the incidence of non-contact injuries was significantly higher in the high-risk group than low-risk group, which would result in more training time lost (all p < 0.05).Conclusion: This study identified the impact of previous injury status on subsequent training load, physical fitness, and injuries in youth female basketball players. These findings provide valuable insight for coaches to optimize training loads according to previous injury status, aiming to minimize the likelihood of subsequent injuries.Keywords: training load, physical fitness, injury, youth, basketball
1 INTRODUCTION
In recent years, there has been a growing emphasis on specialization in elite youth sports, leading to a level of competitiveness akin to adult sports (Bergeron et al., 2024). While this approach may help identify young athletes with the potential to become elite athletes, it is important to recognize that an overemphasis on early professional success may lead to a series of health problems. For example, Hall and colleagues found that female adolescents who engaged in early sports specialization exhibited a markedly higher risk of knee health problems (Hall et al., 2015). Additionally, previous experience has indicated that during periods of rapid growth, long bones lengthen more quickly than the muscle-tendon complex, which can create tension on the tendon apophysis and potentially lead to traction injuries on the growth plate (Nguyen and Caine, 2024). Consequently, these adverse outcomes not only hinder subsequent training and impede physical fitness development but also interfere with the healthy growth of youth athletes (Bahr, 2014).
High training volume, intensity, and competition frequency are critical to improving competitive performance in young athletes, but they also raise concerns about sports-related injuries (Visnes and Bahr, 2013). It is commonly believed that higher training loads lead to more injuries. However, recent research suggests that athletes accustomed to high training loads experience fewer injuries than those with lower training loads, which contradicts conventional wisdom (Hulin et al., 2016). For instance, Gabbett and colleagues found that rapid increases in training load significantly raised the likelihood of injuries in team sports (Gabbett et al., 2016). Then, they introduced the concept of the acute-to-chronic workload ratio (ACWR) to measure these rapid changes in training loads and proposed the training-injury prevention paradox (Gabbett, 2016). They suggest that players who experience high chronic loads have developed sports-matched physical fitness, which reduces the risk of injury associated with a sudden increase in training load. Despite the appeal of this paradox, the conflicting findings of the available investigations make determining the relationship between training load and injury remains an open question (Mohr et al., 2023; Impellizzeri et al., 2020). Consequently, these findings prompt the interesting question: “What factors contribute to individual differences in tolerance for rapid spikes in load? (Gabbett, 2020)”
Previous injury, which is a significant risk factor with strong evidence in elite youth sports, can lead to problems such as reduced muscle strength, altered muscle recruitment patterns and proprioceptive deficits (Fulton et al., 2014). For instance, Røksund and colleagues demonstrated that football players who experienced hamstring strains exhibited a significant decrease in speed during a repetitive sprint test (Røksund et al., 2017). Similarly, Buhmann and his team found that hamstring injury history was associated with long-term deficits in autonomic activation during maximal centrifugal contraction, stretch reflex, and tendon reflex amplitude (Buhmann et al., 2020). This evidence highlights that previous injuries can significantly alter internal risk factors, thereby directly or indirectly impacting an athlete’s training tolerance and physical fitness (Alonso-Muñoz et al., 2023; Steib et al., 2013). Although most existing research on previous injury history has investigated factors that may influence new injuries, such as changes in kinematics and motor skills, few studies have focused on the impact of previous injuries on subsequent training, which may blur the association between training load and injury (Sedeaud et al., 2020). Hence, it is necessary to investigate the impact of previous injuries on subsequent training.
With this in mind, this study utilizes metadata from previously published research to preliminarily investigate the effects of previous injuries on subsequent training load, physical fitness, and injury in young female basketball players (Huang et al., 2022). It was hypothesized that players with a higher injury burden would be characterized by an inability to withstand higher training loads (both accumulation and variability), poorer fitness, and a higher incidence of injuries than players with a lower injury burden.
2 MATERIALS AND METHODS
2.1 Ethics statement
This study was conducted following the guidelines of the Declaration of Helsinki and was approved by the Fujian Provincial Basketball and Volleyball Sports Management Center (protocol number: FJBVSM2020101001).
2.2 Participants
Eighteen youth female basketball players (age: 16.8 ± 1.4 years, height: 175.7 ± 6.0 cm, weight: 66.1 ± 6.0 kg, training years: 3.4 ± 1.7 years) were recruited. Training load, physical fitness, and injury monitoring data were collected from participants over 20 weeks. The team’s weekly schedule consisted of 5–6 skill-based basketball sessions lasting 80–120 min, emphasizing skills development and game-based conditioning. Additionally, the participants engaged in 2–3 physical training sessions lasting 60–80 min per week, focusing on metabolic conditioning, strength/power, and agility development. Before the commencement of the study, all participants were provided with written and oral information about the study and were required to sign an informed consent form.
2.3 Training load
The Borg-10 ratings of perceived exertion (RPE) scale was used to monitor the perceived exertion experienced by the players following each training session, which has been confirmed for its validity (Foster et al., 1995; Chen et al., 2002). Then, the duration between the start and end of the training was recorded. The internal training load was quantified by calculating the session rating of perceived exertion (sRPE) using Equation 1.
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The unit of measurement for the duration was minutes, while the RPE was expressed in arbitrary units (AU). This study assessed the training load information of the athletes by calculating acute training load (ATL), chronic training load (CTL), acute chronic workload ratio (ACWR), monotony, and strain. ATL is the rolling average of sRPE or duration for the last week, and CTL is the rolling average of sRPE or duration for the past 4 weeks. The ACWR, monotony, and strain were calculated as shown in Equations 2–4.
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2.4 Physical fitness
This study used several field-based tests to assess physical fitness according to the testing protocols available in Sports Injury Management (Joyce and Lewindon, 2016). In detail, the squat one-repetition maximum (1 RM) test was utilized to assess the maximal strength of the lower extremities, while the bench press 1 RM test was employed to evaluate the maximal strength of the upper extremities. Agility was evaluated using the 5.8 m × 6 rounds shuttle run, and repeated sprint performance was measured through the 15 m × 17 rounds shuttle run. The run-up vertical jump (RVJ) test measured the explosive and jumping ability.
2.5 Injury surveillance
Injury was defined as an event during training or a match that resulted in the player’s absence from subsequent sessions, and injury data were collected according to a standardized collection procedure (Bahr et al., 2020; Fuller et al., 2006). The injury records included details on the injury’s location, nature, time loss, type, occurrence of injury (contact, non-contact), and diagnosis mode. According to the Strengthening the Reporting of Observational Studies in Epidemiology Sports Injury and Illness Surveillance (STROBE-SIIS), this study defined non-contact injuries as injuries caused by indirect contact mechanisms, including overuse and chronic injuries (Bahr et al., 2020). Among them, the upper extremity included the shoulder, upper arm, elbow, forearm, wrist, and hand; the lower extremity included the hips, thighs, knees, calves, ankles, and feet; the trunk included the chest, thoracic spine, lumbosacral, and abdomen. The injury incidence during the investigation was calculated using the following Equation 5:
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The injury record in the year before the research started was considered the previous injury. Six indicators were incorporated as analysis variables for the cluster, which encompassed the count of upper extremity injury (UEI), the count of lower extremity injury (LEI), the count of trunk injury (TI), loss of time due to upper extremity injuries (LT-UEIs), loss of time due to lower extremity injuries (LT-LEIs), and loss of time due to trunk injuries (LT-TIs).
2.6 Statistical analysis
In this study, the K-means clustering algorithm was used to analyze the previous injury history. Prior to clustering, scaling was performed using the median and interquartile range. The optimal number of clusters (k-value) is determined by silhouette coefficient maximization, where the k-value ranges from 2 to 5. Differences in categorical variables were analyzed using the Chi-squared test, while differences in continuous numerical variables were analyzed using Welch’s t-test or Welch’s analysis of variance (It depends on the optimal number of clusters). Linear mixed models were used to assess the effects of time and previous injury history status on dependent variables, treating time and group as fixed effects and player as a random effect. Since this investigation focused on the impact of previous injuries on each indicator of players, only the main and interaction effect of previous injury status on the dependent variable was reported. Post-hoc analyses with Bonferroni correction were conducted for statistically significant main and interaction effects. All hypothesis tests were two-tailed with a significance level (α) of 0.05, and p-values greater than 0.1 were considered insignificant, p-values less than 0.1 were marginally significant, and p-values less than 0.05 were considered significant. The data were analyzed using Jamovi software (version 1.8.1) and Python 3.6 programming environment.
3 RESULTS
3.1 Previous injury grouping
The clustering results indicate that the maximum silhouette coefficient (0.398) was achieved when the number of clusters (k) was set to 2. As a result, this study divided the players into two clusters. The descriptive statistics for these two clusters are presented in Table 1. It is clearly seen that the two clusters are significantly different in terms of training years, LEI count, LT-LEIs, UEI count, and LT-UEIs (p < 0.05), while there were no significant differences in terms of position, age, height, weight, BMI, TI count, and LT-TIs (p > 0.05). Consequently, this study named the clusters as high-risk and low-risk groups.
TABLE 1 | The descriptions and differences in the basic information between the high-risk and low-risk groups.
[image: Table 1]3.2 Training load
The player’s previous injury status did not significantly affect their weekly fitness-based training load and skill-to-fitness training load ratio (p > 0.05). However, it did significantly reduce the player’s ATL (p = 0.033, Bonferroni corrected), CTL (p = 0.021, Bonferroni corrected), and total weekly skill-based training load (p = 0.031, Bonferroni corrected). Similar findings were also observed in the analysis of training duration, which showed that previous injury status would significantly decrease a player’s ATL (p = 0.034, Bonferroni corrected), CTL (p = 0.018, Bonferroni corrected) and total weekly skill-based training session duration (p < 0.001, Bonferroni corrected).
There was no significant interaction between previous injury status and time on training load indicators (p > 0.05). However, it is important to note that both training monotony (sRPE-based monotony: p = 0.004, Bonferroni corrected, duration-based monotony: p = 0.002, Bonferroni corrected) and training strain (sRPE-based strain: p = 0.008, Bonferroni corrected, duration-based strain: p = 0.001, Bonferroni corrected), which were calculated based on sRPE or duration, were significantly lower in the high-risk group (Table 2).
TABLE 2 | Linear mixed model results for the effect of previous injury status on training load and physical fitness.
[image: Table 2]3.3 Physical fitness
It was found that previous injury status had no significant main effect on the squat 1RM (p = 0.388), bench press 1RM (p = 0.629), 5.8 m × 6 rounds shuttle run (p = 0.168), and RVJ (p = 0.299). However, there was a slightly significant effect on the 15 m × 17 rounds shuttle run (p = 0.065). Further analysis revealed that the low-risk group performed significantly better than the high-risk group on the third (p = 0.034, MD = 1.41, 95% CI: 0.12–2.71) and fourth tests (p = 0.019, MD = 1.59, 95% CI: 0.30–2.88) of the 15 m × 17 rounds shuttle run. Additionally, no significant interaction was found between previous injury status and time on physical fitness indicators (p > 0.05).
3.4 Injuries
It was found that the incidence of injuries (p = 0.032, MD = 6.69, 95% CI: 0.68–12.70) and non-contact injuries (p = 0.034, MD = 6.11, 95% CI: 0.52–11.70) was significantly higher in the high-risk group (Table 3). There was no significant difference in the incidence of contact injury between the two groups (p > 0.05). Notably, players in the high-risk group were more prone to losing training time due to non-contact injuries (p = 0.026, MD = 4.46, 95% CI: 0.64–8.27).
TABLE 3 | The descriptions and differences in the incidence of injuries and time loss between the high-risk and low-risk groups.
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This study retrospectively investigated the impact of previous injuries on subsequent training loads, fitness, and injury. Our findings revealed the following characteristics among players classified in the high-risk group compared to the low-risk group: (i) ATL, CTL, skill-based training load, training monotony, and training strain were significantly lower in the high-risk group. (ii) Players in the high-risk group took longer to complete the 15 m × 17 rounds shuttle run test, but this difference did not reach statistical significance. (iii) Incidence of injury, particularly non-contact injury, was significantly higher in the high-risk group. Meanwhile, players in the high-risk group experienced more training time lost due to non-contact injury.
The findings of this study provide evidence supporting that previous injuries not only increase players’ susceptibility to subsequent injuries but also adversely affect their training tolerance, which aligns with the basic hypothesis of this study (Mandorino et al., 2023). It is widely acknowledged that players who maintain high chronic workloads usually achieve the necessary fitness for competition, reducing their likelihood of injury (Windt and Gabbett, 2017). Conversely, players with low chronic workloads may lack the fitness reserves needed to handle the demands of intense competition, resulting in a higher risk of injury (Gabbett, 2016; Windt et al., 2017). However, some investigations yielded conflicting findings, leading to ongoing debate (Mohr et al., 2023; Impellizzeri et al., 2020; Suarez-Arrones et al., 2020; Myers et al., 2020). It is important to note that existing research has ignored the impact of previous injuries on training load and injury, which could be a crucial factor in explaining these inconsistencies (Sedeaud et al., 2020). Our findings revealed that players with a higher burden of previous injuries exhibited lower training loads (both acute and chronic workloads) and a higher incidence of subsequent injuries. Meanwhile, these players had lower training monotony and strain, which may mean that they could not withstand rapid changes in training load. To our knowledge, training monotony and strain are strongly associated with increased risk of injury, overtraining syndromes, and illness (Curtis et al., 2021). For instance, Brink and colleagues identified a significant correlation between higher monotony and an increased likelihood of injury (Brink et al., 2010). Nevertheless, our findings observed that players with a higher injury burden generally had lower levels of monotony and strain, but still had a high incidence of subsequent injury. These findings prompt the question: Does frequent exposure to higher chronic workloads reduce players’ risk of non-contact injuries? We propose that players with lower chronic workloads may have higher injury burdens than those with higher chronic workloads, making them more susceptible to maladaptation due to training intolerance and compensatory movement patterns (Opar et al., 2012; Croisier, 2004; Blyton et al., 2023; Hodges and Tucker, 2011; Desai and Gruber, 2021). As Howe and colleagues found, exercise-induced fatigue can exacerbate compensatory strategies, elevating the risk of injury to the affected limb (Howe et al., 2021). This vulnerability increases the susceptibility of these players to non-contact injuries, perpetuating a detrimental cycle. The debate will continue as existing research remains insufficient to provide a simple and definitive answer to this question.
Contrary to expectations, this study did not find an effect of previous injuries on the players’ strength, agility, or jumping ability. In theory, previous injuries should impair a player’s motor function, especially proprioception and neuromuscular control, leading to poorer fitness (Mandorino et al., 2023; Ritzmann et al., 2022). For example, Areia and associates found deficits in muscle activity, proprioception, and functional asymmetry in individuals with a history of hamstring strain during eccentric testing (Areia et al., 2019). Similarly, Bramah and colleagues observed differences in running kinematics among male runners with recurrent calf muscle strain injuries, possibly due to neuromuscular deficits (Bramah et al., 2021). However, contrary to earlier findings, no effect of previous injury on physical fitness was detected. One possible explanation is that players who have experienced previous injuries can maintain their performance through compensatory movements. For instance, youth basketball players with a history of injury exhibited similar peak mean vertical ground reaction forces during jump landings compared to uninjured players (Louw et al., 2006). However, players with a history of injury demonstrated smaller hip and knee flexion angles and greater eccentric activity during landing. Another possible explanation is that variations in test selection may have led to inconsistent results. A recent systematic review found that inter-limb strength asymmetry, measured by isometric knee extensor strength testing, correlates with higher injury risk (Guan et al., 2022). However, this correlation was not observed in unilateral jump test measures (Brumitt et al., 2020). Therefore, future observations will take into account the differences between the tests.
Notably, this study found that previous injuries slightly affected players’ repetitive sprint performance, similar to earlier findings (Røksund et al., 2017). Since repeated sprinting ability is important for basketball success and demands a high level of neuromuscular resistance to fatigue (Gottlieb et al., 2021; Charron et al., 2020), it was speculated that players with higher injury burdens would be more susceptible to neuromuscular fatigue. The research by Norte and colleagues supports our speculation (Norte et al., 2018). They found that patients who had experienced anterior cruciate ligament reconstruction (ACLR) exhibited impaired quadriceps strength and corticospinal excitability at each time point of knee extension. Frank and others found that neuromuscular fatigue may influence the increased risk of future injuries in women with a history of ACLR by altering lower extremity biomechanics and postural control (Frank et al., 2014). Despite lacking clinical information on neuromuscular fatigue, our study revealed significant differences between high-risk and low-risk groups in the third and fourth tests. Considering the effect of training intensity schedules on physical fitness, training-induced neuromuscular fatigue could be crucial in the relationship between previous injuries and a player’s ability to repeat sprints.
In summary, although previous injuries do not significantly affect the physical performance of young female basketball players, they can hinder training tolerance and increase the risk of further injuries. These findings suggest that coaches should adjust the training load composition based on previous injuries to improve players’ training tolerance and reduce the likelihood of additional injuries caused by neuromuscular fatigue, such as increasing the neuromuscular training, improving movement patterns and developing a fitness-fatigue model to manage the training load effectively (Paravlic et al., 2024; Šiupšinskas et al., 2019; Imbach et al., 2022). Nevertheless, given the information available, this study cannot offer more detailed recommendations for future training until the following limitations are addressed. Firstly, although the implemented sRPE-based training load quantification method is widely used in sports practice and research, it is a general indicator and does not differentiate between specific physiological response changes and intensity (Dhahbi et al., 2024). Secondly, this study was conducted within a sports management center, generalisations beyond this specific cohort should be treated with caution. While using data from a single centre can help avoid confounding factors such as youth maturity, coaching leadership styles, and match demands (whether in-season or off-season), it also limits the possibility that these findings can be extrapolated to all youth populations. Further research is needed to investigate the effects of the above-mentioned confounders on the findings (Silva et al., 2022; Giuriato et al., 2023). Finally, it would have been interesting to evaluate the effect of previous injury status on physiological responses following physical fitness testing, such as electromyography during strength testing and blood lactate during repetitive sprint performance testing (Kubo et al., 2019; Zebis et al., 2022).
5 CONCLUSION
The findings of this preliminary study revealed that while previous injuries do not substantially impact the physical fitness performance of young female basketball players during field-based assessments, they can impair subsequent training loads and lead to further injuries. These findings offer valuable insights into optimizing training loads based on previous injuries. Nevertheless, this study still has some flaws. Future research should include more comprehensive neuromuscular tests to investigate how previous injuries impact subsequent training loads and injuries, which could help develop injury prevention strategies based on training load management.
DATA AVAILABILITY STATEMENT
The original contributions presented in the study are included in the article/Supplementary Material, further inquiries can be directed to the corresponding author.
ETHICS STATEMENT
The studies involving humans were approved by Fujian Provincial Basketball and Volleyball Sports Management Center. The studies were conducted in accordance with the local legislation and institutional requirements. Written informed consent for participation in this study was provided by the participants’; legal guardians/next of kin.
AUTHOR CONTRIBUTIONS
YH: Conceptualization, Data curation, Methodology, Software, Writing–original draft, Writing–review and editing. SW: Conceptualization, Writing–original draft, Writing–review and editing. CL: Data curation, Resources, Writing–original draft, Writing–review and editing. YW: Methodology, Software, Writing–review and editing. ZB: Methodology, Software, Writing–review and editing. BL: Methodology, Writing–review and editing. YG: Data curation, Resources, Writing–review and editing. ZW: Conceptualization, Writing–original draft, Writing–review and editing.
FUNDING
The author(s) declare that no financial support was received for the research, authorship, and/or publication of this article.
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.
SUPPLEMENTARY MATERIAL
The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fphys.2025.1506611/full#supplementary-material
REFERENCES
 Alonso-Muñoz M. B., Calvache-Mateo A., Martín-Núñez J., López-López L., Navas-Otero A. Heredia-Ciuró A., et al. (2023). Musculoskeletal, functional and performance impairment in female overhead athletes with a previous shoulder injury. Healthc. Basel, Switz. 12 (1), 21. doi:10.3390/healthcare12010021
 Areia C., Barreira P., Montanha T., Oliveira J., Ribeiro F. (2019). Neuromuscular changes in football players with previous hamstring injury. Clin. Biomech. (Bristol, Avon) 69, 115–119. doi:10.1016/j.clinbiomech.2019.07.010
 Bahr R. (2014). Demise of the fittest: are we destroying our biggest talents?Br. J. sports Med. 48 (17), 1265–1267. doi:10.1136/bjsports-2014-093832
 Bahr R., Clarsen B., Derman W., Dvorak J., Emery C. A. Finch C. F., et al. (2020). International olympic committee consensus statement: methods for recording and reporting of epidemiological data on injury and illness in sport 2020 (including strobe extension for sport injury and illness surveillance (Strobe-Siis)). Br. J. Sports Med. 54 (7), 372–389. doi:10.1136/bjsports-2019-101969
 Bergeron M. F., Côté J., Cumming S. P., Purcell R., Armstrong N. Basilico L., et al. (2024). Ioc consensus statement on elite youth athletes competing at the olympic games: essentials to a healthy, safe and sustainable paradigm. Br. J. sports Med. 58 (17), 946–965. doi:10.1136/bjsports-2024-108186
 Blyton S. J., Snodgrass S. J., Pizzari T., Birse S. M., Likens A. D., Edwards S. (2023). The impact of previous musculoskeletal injury on running gait variability: a systematic review. Gait and posture 101, 124–133. doi:10.1016/j.gaitpost.2023.01.018
 Bramah C., Preece S. J., Gill N., Herrington L. (2021). Kinematic characteristics of male runners with a history of recurrent calf muscle strain injury. Int. J. sports Phys. Ther. 16 (3), 732–740. doi:10.26603/001c.22971
 Brink M. S., Visscher C., Arends S., Zwerver J., Post W. J., Lemmink K. A. (2010). Monitoring stress and recovery: new insights for the prevention of injuries and illnesses in elite youth soccer players. Br. J. sports Med. 44 (11), 809–815. doi:10.1136/bjsm.2009.069476
 Brumitt J., Mattocks A., Loew J., Lentz P. (2020). Preseason functional performance test measures are associated with injury in female college Volleyball players. J. sport rehabilitation 29 (3), 320–325. doi:10.1123/jsr.2018-0179
 Buhmann R., Trajano G. S., Kerr G., Shield A. (2020). Voluntary activation and reflex responses after hamstring strain injury. Med. Sci. sports Exerc. 52 (9), 1862–1869. doi:10.1249/mss.0000000000002327
 Charron J., Garcia J. E. V., Roy P., Ferland P. M., Comtois A. S. (2020). Physiological responses to repeated running sprint ability tests: a systematic review. Int. J. Exerc. Sci. 13 (4), 1190–1205. doi:10.70252/NXQI1037
 Chen M. J., Fan X., Moe S. T. (2002). Criterion-related validity of the Borg ratings of perceived exertion scale in healthy individuals: a meta-analysis Journal of sports sciences. J. Sports Sci. 20 (11), 873–899. doi:10.1080/026404102320761787
 Croisier J. L. (2004). Factors associated with recurrent hamstring injuries. Sports Med. 34 (10), 681–695. doi:10.2165/00007256-200434100-00005
 Curtis R. M., Huggins R. A., Benjamin C. L., Sekiguchi Y., Lepley L. K. Huedo-Medina T. B., et al. (2021). Factors associated with noncontact injury in collegiate soccer: a 12-team prospective study of ncaa division I men's and women's soccer. Am. J. sports Med. 49 (11), 3076–3087. doi:10.1177/03635465211036447
 Desai G. A., Gruber A. H. (2021). Segment coordination and variability among prospectively injured and uninjured runners. J. Sports Sci. 39 (1), 38–47. doi:10.1080/02640414.2020.1804519
 Dhahbi W., Chaabene H., Pyne D. B., Chamari K. (2024). Standardizing the quantification of external load across different training modalities: a critical need in sport-science research. Int. J. sports physiology Perform. 19, 1173–1175. doi:10.1123/ijspp.2024-0366
 Foster C., Hector L. L., Welsh R., Schrager M., Green M. A., Snyder A. C. (1995). Effects of specific versus cross-training on running performance. Eur. J. Appl. Physiology 70 (4), 367–372. doi:10.1007/BF00865035
 Frank B. S., Gilsdorf C. M., Goerger B. M., Prentice W. E., Padua D. A. (2014). Neuromuscular fatigue alters postural control and sagittal plane hip biomechanics in active females with anterior cruciate ligament reconstruction. Sports Health 6 (4), 301–308. doi:10.1177/1941738114530950
 Fuller C. W., Ekstrand J., Junge A., Andersen T. E., Bahr R. Dvorak J., et al. (2006). Consensus statement on injury definitions and data collection procedures in studies of football (soccer) injuries. Clin. J. Sport Med. 16 (No.2), 97–106. doi:10.1097/00042752-200603000-00003
 Fulton J., Wright K., Kelly M., Zebrosky B., Zanis M. Drvol C., et al. (2014). Injury risk is altered by previous injury: a systematic review of the literature and presentation of causative neuromuscular factors. Int. J. sports Phys. Ther. 9 (5), 583–595.
 Gabbett T. J. (2016). The training-injury prevention paradox: should athletes Be training smarter and harder?Br. J. Sports Med. 50 (5), 273–280. doi:10.1136/bjsports-2015-095788
 Gabbett T. J. (2020). The training-performance puzzle: how can the past inform future training directions?J. Athl. Train. 55 (9), 874–884. doi:10.4085/1062/6050.422.19
 Gabbett T. J., Hulin B. T., Caputi P., Lawson D. W., Sampson J. A. (2016). Low chronic workload and the acute: chronic workload ratio are more predictive of injury than between-match recovery time: a two-season prospective cohort study in elite rugby league players. Br. J. sports Med. 50 (No.16), 1008–1012. doi:10.1136/bjsports-2015-095364
 Giuriato M., Pellino V. C., Lovecchio N., Codella R., Vandoni M. Talpey S., et al. (2023). Anthropometrics and leg muscle qualities influence repeated change of direction performance in adolescent boys and girls?Biol. sport 40 (4), 1033–1038. doi:10.5114/biolsport.2023.123322
 Gottlieb R., Shalom A., Calleja-Gonzalez J. (2021). Physiology of basketball - field tests. Review article. J. Hum. Kinet. 77, 159–167. doi:10.2478/hukin-2021-0018
 Guan Y., Bredin S. S. D., Taunton J., Jiang Q., Wu N., Warburton D. E. R. (2022). Association between inter-limb asymmetries in lower-limb functional performance and sport injury: a systematic review of prospective cohort studies. J. Clin. Med. 11 (2), 360. doi:10.3390/jcm11020360
 Hall R., Foss K. B., Hewett T. E., Myer G. D. (2015). Sport specialization's association with an increased risk of developing anterior knee pain in adolescent female athletes. J. sport rehabilitation 24 (1), 31–35. doi:10.1123/jsr.2013-0101
 Hodges P. W., Tucker K. (2011). Moving differently in pain: a new theory to explain the adaptation to pain. PAIN 152 (3, Suppl. ment), S90–S98. doi:10.1016/j.pain.2010.10.020
 Howe L., North J. S., Waldron M., Bampouras T. M. (2021). Restrictions in ankle dorsiflexion range of motion alter landing kinematics but not movement strategy when fatigued. J. sport rehabilitation 30 (6), 911–919. doi:10.1123/jsr.2020-0429
 Huang Y., Huang S., Wang Y., Li Y., Gui Y., Huang C. (2022). A novel lower extremity non-contact injury risk prediction model based on multimodal fusion and interpretable machine learning. Front. Physiology 13, 937546. doi:10.3389/fphys.2022.937546
 Hulin B. T., Gabbett T. J., Lawson D. W., Caputi P., Sampson J. A. (2016). The acute:chronic workload ratio predicts injury: high chronic workload may decrease injury risk in elite rugby league players. Br. J. sports Med. 50 (4), 231–236. doi:10.1136/bjsports-2015-094817
 Imbach F., Sutton-Charani N., Montmain J., Candau R., Perrey S. (2022). The use of fitness-fatigue models for sport performance modelling: conceptual issues and contributions from machine-learning. Sports Med. - open 8 (1), 29. doi:10.1186/s40798-022-00426-x
 Impellizzeri F. M., Tenan M. S., Kempton T., Novak A., Coutts A. J. (2020). Acute:Chronic workload ratio: conceptual issues and fundamental pitfalls. Int. J. sports physiology Perform. 15 (6), 907–913. doi:10.1123/ijspp.2019-0864
 Joyce D., Lewindon D. (2016). Sports injury prevention and rehabilitation: integrating medicine and science for perfomance solution. Edition s. London, 464. 
 Kubo Y., Watanabe K., Nakazato K., Koyama K., Hakkaku T. Kemuriyama S., et al. (2019). The effect of a previous strain injury on regional neuromuscular activation within the rectus femoris. J. Hum. Kinet. 66, 89–97. doi:10.2478/hukin-2018-0066
 Louw Q., Grimmer K., Vaughan C. (2006). Knee movement patterns of injured and uninjured adolescent basketball players when landing from a jump: a case-control study. BMC Musculoskelet. Disord. 7, 22. doi:10.1186/1471-2474-7-22
 Mandorino M., Figueiredo A. J., Gjaka M., Tessitore A. (2023). Injury incidence and risk factors in youth soccer players: a systematic literature review. Part Ii: intrinsic and extrinsic risk factors. Biol. sport 40 (1), 27–49. doi:10.5114/biolsport.2023.109962
 Mohr P. A., Matias T. S., de Lucas R. D. (2023). Association between internal training load and muscle injuries in Brazilian professional soccer players. Biol. sport 40 (3), 675–679. doi:10.5114/biolsport.2023.119285
 Myers N. L., Mexicano G., Aguilar K. V. (2020). The association between noncontact injuries and the acute-chronic workload ratio in elite-level athletes: a critically appraised topic. J. sport rehabilitation 29 (1), 127–130. doi:10.1123/jsr.2018-0207
 Nguyen J. C., Caine D. (2024). Youth soccer players: patterns of injury involving the primary growth plates of epiphyses. Skelet. Radiol. doi:10.1007/s00256-023-04541-y
 Norte G. E., Hertel J., Saliba S. A., Diduch D. R., Hart J. M. (2018). Quadriceps neuromuscular function in patients with anterior cruciate ligament reconstruction with or without knee osteoarthritis: a cross-sectional study. J. Athl. Train. 53 (5), 475–485. doi:10.4085/1062-6050-102-17
 Opar D. A., Williams M. D., Shield A. J. (2012). Hamstring strain injuries: factors that lead to injury and Re-injury. Sports Med. 42 (3), 209–226. doi:10.2165/11594800-000000000-00000
 Paravlic A. H., Bakalár P., Puš K., Pišot S., Kalc M. Teraž K., et al. (2024). The effectiveness of neuromuscular training warm-up program for injury prevention in adolescent male basketball players. J. sports Sci. 42 (22), 2083–2092. doi:10.1080/02640414.2024.2415215
 Ritzmann R., Strütt S., Torreno I., Riesterer J., Centner C., Suarez-Arrones L. (2022). Neuromuscular characteristics of agonists and antagonists during maximal eccentric knee flexion in soccer players with a history of hamstring muscle injuries. PloS one 17 (12), e0277949. doi:10.1371/journal.pone.0277949
 Røksund O. D., Kristoffersen M., Bogen B. E., Wisnes A., Engeseth M. S. Nilsen A. K., et al. (2017). Higher drop in speed during a repeated sprint test in soccer players reporting former hamstring strain injury. Front. physiology 8, 25. doi:10.3389/fphys.2017.00025
 Sedeaud A., De Larochelambert Q., Moussa I., Brasse D., Berrou J. M. Duncombe S., et al. (2020). Does an optimal relationship between injury risk and workload represented by the “sweet spot” really exist? An example from elite French soccer players and pentathletes. Front. physiology 11, 1034. doi:10.3389/fphys.2020.01034
 Silva R. M., Clemente F. M., González-Fernández F., Nobari H., Haghighi H., Cancela Carral J. M. (2022). Does maturity estimation, 2d:4d and training load measures explain physical fitness changes of youth football players?BMC Pediatr. 22 (1), 726. doi:10.1186/s12887-022-03801-5
 Šiupšinskas L., Garbenytė-Apolinskienė T., Salatkaitė S., Gudas R., Trumpickas V. (2019). Association of pre-season musculoskeletal screening and functional testing with sports injuries in elite female basketball players. Sci. Rep. 9 (1), 9286. doi:10.1038/s41598-019-45773-0
 Steib S., Zech A., Hentschke C., Pfeifer K. (2013). Fatigue-induced alterations of static and dynamic postural control in athletes with a history of ankle sprain. J. Athl. Train. 48 (2), 203–208. doi:10.4085/1062-6050-48.1.08
 Suarez-Arrones L., De Alba B., Röll M., Torreno I., Strütt S. Freyler K., et al. (2020). Player monitoring in professional soccer: spikes in acute:chronic workload are dissociated from injury occurrence. Front. sports Act. living 2, 75. doi:10.3389/fspor.2020.00075
 Visnes H., Bahr R. (2013). Training volume and body composition as risk factors for developing jumper's knee among young elite Volleyball players. Scand. J. Med. and Sci. sports 23 (5), 607–613. doi:10.1111/j.1600-0838.2011.01430.x
 Windt J., Gabbett T. J. (2017). The workload-injury aetiology model. Br. J. sports Med. 51 (21), 1559. doi:10.1136/bjsports-2016-096653
 Windt J., Gabbett T. J., Ferris D., Khan K. M. (2017). Training load--injury paradox: is greater preseason participation associated with lower in-season injury risk in elite rugby league players?Br. J. sports Med. 51 (8), 645–650. doi:10.1136/bjsports-2016-095973
 Zebis M. K., Aagaard P., Andersen L. L., Hölmich P., Clausen M. B. Brandt M., et al. (2022). First-time anterior cruciate ligament injury in adolescent female elite athletes: a prospective cohort study to identify modifiable risk factors. Knee Surg. sports traumatology, Arthrosc. official J. ESSKA 30 (4), 1341–1351. doi:10.1007/s00167-021-06595-8
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.
Copyright © 2025 Huang, Wang, Li, Wang, Bai, Lv, Gui and Wei. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/images/math_2.gif
@





OPS/images/math_3.gif
Averageof wee¥y traimig 0ac__ ()
Standard deviation of weekly training load






OPS/images/fphys-16-1506611-t003.jpg
High risk 95% Cl of MD Cohen'’s d effect size

Injury Incidence (per 1,000 training hours) 1170 + 6.01 501 +563 0.032* 6.690 0.682 to 12.697 1150
NCI Incidence (per 1,000 training hours) 938 £ 632 327 + 480 0.034* 6.110 0517 to 11.703 1.090
ClI Incidence (per 1,000 training hours) 232 £240 174 £ 1.89 0577 1.017 [ ~1.587 to 2.746 0269
LT-Injury (days) 9.09 + 574 829 + 1505 0.896 0.805 ~13.204 to 14.814 0071
LT-NCIs (days) 4.96 £ 5.54 050132 00 4455 | 0.644 to 8266 I 1.106
LT-CIs (days) 4.14 £ 533 7.07 + 1556 0.645 -2935 ~17.389 to 11519 -0252

Abbreviations: NCI, non-contact injury; CI, contact injury; LT-NCIs, loss of time due to non-contact injuries; LT-CIs, loss of time due to contact injuries; MD, mean difference.
Note: Bold indicates statistically significant values (p < 0.05).
*p < 0.05.





OPS/images/math_1.gif





OPS/images/math_4.gif
Strain = Average of weekly training load x Monotony  (4)





OPS/images/math_5.gif
- Bumber of injurles

Incidence = 4 e

1000k )





OPS/xhtml/nav.xhtml
Contents

		Cover

		Investigating the effects of previous injury on subsequent training loads, physical fitness, and injuries in youth female basketball players		Background

		Methods

		Results

		Conclusion

		1 Introduction

		2 Materials and methods		2.1 Ethics statement

		2.2 Participants

		2.3 Training load

		2.4 Physical fitness

		2.5 Injury surveillance

		2.6 Statistical analysis





		3 Results		3.1 Previous injury grouping

		3.2 Training load

		3.3 Physical fitness

		3.4 Injuries





		4 Discussion

		5 Conclusion

		Data availability statement

		Ethics statement

		Author contributions

		Funding

		Generative AI statement

		Publisher’s note

		Supplementary material

		References









OPS/images/cover.jpg
’ frontiers | Frontiersin Physiology

Investigating the effects of
previous injury on subsequent
training loads, physical fithess,
and injuries in youth female
basketball players





OPS/images/fphys-16-1506611-t001.jpg
High risk

Cohen's d effect size

1 Position
Forward 5(455) 5(71.4) 0557 - -
Center 3(27.3) 1(14.3)
Guard 3(27.3) 1(14.3)
Age (years) 1691 £ 1.14 16,57 + 1.90 0.682 0338 ~1472 to 2.147 0216
Height (cm) 177.00 £ 6.40 174.00 £ 550 0421 2351 -3711 to 8.413 0.394
Weight (kg) 68.10 £ 5.90 62.90 £ 5.10 0065 5234 0378 t0 10,845 0951
BMI (kg/m?) 21.80 + 1.80 2070 £ 1.50 o6 1 ~0.489 to 2.777 0707
» Training Years (years) 3.55 + 0.69 2294125 0.040* 1.260 0.075 to 2.444 1246
LT-TIs (days) 173 £ 2.57 0.86 +227 0464 0870 ~1.607 to 3.347 0.359
V LT-LEIs (days) 4.19 = 1.00 0.29 + 0.76 <0.001** 3.905 3.023 to 4.787 4419
LT-UEIs (days) 282 + 154 100 £ 173 0.043° 1818 0.066 to 3570 1110
TI Count 0.64 £ 081 029 £ 076 0367 0351 0457 to 1.159 0448
LEI Count 255 +129 0.14 + 038 <0.001° 205 1502 to 3.304 2522
UEI Count 136 £ 092 043 £ 079 0.037 0935 0.064 to 1.807 1089

Abbreviations: BMI, body mass index; TI, trunk injury; LEL, lower extremity injury; UEL upper extremity injury; LT-TIs, loss of time due to trunk injuries; LT-LEIS, loss of time due to lower
extremity injuries; LT-UEIs, loss of time due to upper extremity injuries; MD, mean difference.

Note: The Chi-squared test was used to compare the position of the two groups; a Welch's t-test was used to compare age, height, weight, BMI, training year, T, count, LT-TIs, LEI count, LT-
LEIs, UEL, count, and LT-UEIs.

Bold indicates statistically significant values (p < 0.05).

p < 005.

“n < 0.01.





OPS/images/fphys-16-1506611-t002.jpg
Dependent variables Independent variables

Group Time x group
F P
Training load SRPE based ATL (aw) 2974 <0.001+* 5473 0.033* 0909 0568
CTL (au) 2018 0.018* 6610 0.021* 1627 0075
ACWR (au) 1382 o164 ooss 0767 s oan
skill-based session (au) 17.976 <0.001% 5671 0.030° 0891 0591
fitness-based session (au) 36177 wore | 3031 o0 o1 o710
skill-to-fitness ratio (au) 28.206 <0.001% 1023 0327 0869 0616
Monotony (au) 12412 <0.001% 11182 0.004°% 0394 0988
Strain (au) 10975 <0.001% o361 ooos 0574 0916
Duration based | ATL (au) 2853 <0.001%% 7.756 oo ozm 0723
CTL (au) 2910 <0.001% 6934 0.018° 1312 0203
ACWR (au) 1632 0.073 0158 0691 1235 0252
skill-based session (au) 18.729 <0.001% 8849 0,009 sz | o5
fitness-based session (au) 47.207 w0 | s 0095 | o060 | 089
skill-to-fitness ratio (au) 008 <0001 osa | o3 50 oo
Monotony (au) 12734 <0.001%* 14369 0002+ 0380 0990
Strain (au) 10.780 <0.001%% 15299 0.001% 0443 0977
 Physical finess | Squat 1RM (kg) 2745 0.055 0788 0388 0798 0502
Bench press 1RM (kg) 9.893 <0.001+* 0| 0w 0261 08w
Run-up vertical jump (cm) 0365 0 s 0299 08 0w
5.8M x 6 rounds shuttle run (seconds) 12.270 <0.001 2083 0.168 1179 0329
15M x 17 rounds shuttle run (seconds) 0214 0.386 3933 0064 0772 0516

Abbreviations: SRPE, session rating of perceived exertion; ATL, acute training load; CTL, chronic training load; ACWR, acute chronic workload ratio; RM, repetition maximum.
Note: Bold indicates statistically significant values (p < 0.05).

“p < 0.05.

“*p < 001.









OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
¥ frontiers | Frontiers in Physiology





