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Background: Anterior tibial laxity is considered to be a risk factor for knee injuries, including anterior cruciate ligament ruptures. The anterior cruciate ligament reconstruction also aims to restore anterior tibial laxity. While anterior tibial laxity is considered to be linked to dynamic knee stability, the mechanisms connecting anterior tibial laxity to these stability issues are not fully understood. The purpose of this study was to investigate the kinematic alterations between different anterior tibial laxity in healthy subjects. We hypothesized that anterior tibial laxity affects the anteroposterior tibial displacement during dynamic movements.Methods: This study involved thirty-five healthy subjects. There were twenty males and fifteen females with an average age of 18.91 ± 0.78 years. Their knees were categorized into “Tight” (the smallest 50%) and “Lax” (the largest 50%) groups based on anterior tibial laxity measurements using a Kneelax3 arthrometer. Kinematic data were collected using a three-dimensional motion capture system when they performed level walking, upslope walking, and vertical jumping. The knee kinematics were recorded for statistical analysis. We used independent sample t-tests to analyze key kinematic differences between groups.Results: The “Lax” group exhibited increased posterior tibial translation during upslope walking (5.4 ± 2.22 mm at swing max flexion, p = 0.018) and vertical jumping (8.5 ± 2.78 mm at propulsion max flexion, p = 0.003; 7.6 ± 3.17 mm at landing max flexion, p = 0.019) than the “Tight” group. Significant differences in tibial internal rotation were observed during initial contact of the gait cycle of level walking (1.9° ± 0.95°, p = 0.049) and upslope walking (2.1° ± 1.03°, p = 0.041) in the “Lax” group compared to the “Tight” group. No significant differences in adduction/abduction or medial/lateral tibial translation were found between groups.Conclusion: The study revealed that high anterior tibial laxity resulted in increased posterior tibial translation and tibial internal rotation. High anterior tibial laxity resulted in dynamic instability of knees during motions, especially in high-demanding activities like upslope or vertical jumping. However, further research is needed to explore the clinical functional effects of knee laxity.Keywords: knee, anterior tibial laxity, knee kinematics, kinematic alterations, dynamic stability
1 INTRODUCTION
Anterior tibial laxity (ATL) refers to the anterior translation of the tibia relative to the femur. It affects knee stability and is primarily controlled by the anterior cruciate ligament (ACL) (Zlotnicki et al., 2016; Nishizawa and Tashman, 2017). Previous studies have identified ATL as a risk factor for knee injuries, including ACL ruptures (Wetters et al., 2016). In addition, studies have shown that in cases of primary ACL deficiency (ACLD), increased anterior tibial translation is associated with meniscus or cartilage damage, and early-onset knee osteoarthritis (Sommerfeldt et al., 2018; Li et al., 2020). It is believed that anterior cruciate ligament reconstruction (ACLR) aims to restore normal ATL to regain proper joint kinematics and restore knee stability after ACL injury (Amano et al., 2016; Park et al., 2021). These emphasize the significance of ATL in the context of knee joint mechanics.
Previous studies have investigated the relationship between static anterior laxity and dynamic knee stability with conflicting results. Static anterior knee laxity has been found to be correlated with knee kinematics during specific activities. Specifically, Keizer et al. (2020) found a weak negative correlation (r = −0.47, p = 0.028) between passive and dynamic anterior tibia translation during jump landing in healthy individuals. In contrast, a positive correlation between passive ATL and anterior-posterior tibial translation has been reported among recreational athletes during vertical jumping and ACLD patients during walking (Torry et al., 2011; Boeth et al., 2013). Additionally, Sato et al. (2013) observed that maximum tibial internal rotation during side-step cutting negatively correlated with static anterior tibial translation in seven subjects with unilateral ACLRs, suggesting that greater laxity could influence rotational knee kinematics. However, several studies have found no significant correlations between static knee laxities and dynamic kinematics, emphasizing that measurements of static laxity alone are insufficient for assessing functional status after ACL injury (Musahl et al., 2012; Thorhauer et al., 2014; Tagesson et al., 2015). Sonesson and Kvist (Sonesson and Kvist, 2017) have shown that anterior tibial laxity was not associated with dynamic tibial translation when comparing dynamic and static tibial translation in the ACL-deficient knees at 2- to 5-year follow-up with directly after rehabilitation.
The results of previous studies have shown inconsistencies since the study population is mostly ACLD/ACLR patients. The knee status was affected by the disease, the different measurements and analysis methods used in the study, and the different types of exercise selected. The influence of these confounding factors cannot be ruled out and the exact mechanism by which anterior tibial laxity might affect knee stability is not fully understood. Consequently, studies are needed to examine the relationship between ATL and dynamic stability in healthy subjects. Investigating this relationship can provide insights into the understanding of ATL in the natural variability of knee mechanics and inform the development of more targeted interventions to enhance knee stability (Nishizawa and Tashman, 2017; Lutz et al., 2021). The study aimed to compare the kinematic characteristics of knee joints in healthy subjects with high and low ATL under different exercise conditions. We hypothesized that ATL significantly affects the anteroposterior tibial displacement during dynamic movements.
2 METHODS
2.1 Subjects
The study was approved by the Ethics Committee of Guangdong Provincial Hospital of Chinese Medicine (ZE 2024-101-01). Written consent was obtained from all the participants after they were fully informed of the experiment. The subjects were recruited if: (1) no history of major injury or surgery in the knees; (2) no musculoskeletal or neurological diseases affecting motor function; and (3) no vigorous exercise within 24 h before the experiment. Our study enrolled 35 healthy subjects (20 males and 15 females) between January and April 2024. The participants’ demographic data were the age of 18.91 ± 0.78 years and the BMI of 21.91 ± 3.28 kg/m2. They had an International Physical Activity Questionnaire median (range) total score of 1,710 (4,491). The majority of participants had moderate levels of physical activity, with 5.7%, 82.9%, and 11.4% being categorized as low, moderate, and high activity levels, respectively. According to the results in anterior tibial laxity, the 70 knees from 35 participants were divided into two groups. The “Tight” group (n = 35) consisted of knees with the smallest 50% of ATL, while the “Lax” group (n = 35) consisted of knees with the largest 50% of ATL (the “Tight” group vs the “Lax” group; 4.02 ± 0.96 mm vs 7.28 ± 1.34 mm, p < 0.001).
2.2 Devices and experiment procedures
Knee anterior tibial laxity was measured using a Kneelax3 arthrometer (Monitored Rehab Systems, Haarlem, The Netherlands). The Kneelax3 arthrometer has been reported to be frequently used for the studies investigating the ligament laxity with a measurement accuracy of 0.1 mm (Shi et al., 2013). Participants’ knee movements were recorded using a three-dimensional motion capture gait system (Opti_Knee, Innomotion Inc., Shanghai, China) to obtain six-degree-of-freedom (6DOF) knee kinematics data (Zhang et al., 2015; Wang S. et al., 2021). The gait system included a navigation stereo infrared tracking device (NDI Polaris Spectra; Northern Digital Inc.), a high-speed optical camera (Basler aca640–90uc; Basler AG), two sets of markers, a handheld digital probe, and a level motorized bi-directional and adjustable-sloped treadmill. The system sampled data at a rate of 120 Hz. It has been previously described in studies and is known for its high accuracy with a reported root mean square accuracy of 0.3 mm (Elfring et al., 2010) and a repeatability of less than 1.3° in rotation and 0.9 mm in translation (Zhang et al., 2016).
To determine their eligibility for the experiment, each subject underwent an initial check by an orthopedic surgeon (FL) skilled in physical examination and scale assessment. They first completed the International Physical Activity Questionnaire and were then asked about any history of injuries, followed by a clinical knee examination. The same orthopedic surgeon (FL), who was skilled in the use of Kneelax3, measured the ATL of each subject. On an examination table, each subject was positioned supine with the knee in approximately 30 degrees of flexion. The laxity of both knees was measured as anterior tibial translation of the femur with an anterior force of 132N.
Participants then performed three experimental tasks—level walking, upslope walking, and vertical jumping—to collect kinematic data. These three tasks are relevant to knee mechanics and common in daily and sports activities (Õunpuu, 1994; Kuster et al., 1995; Ryan et al., 2006). Kinematic data collection was managed by the authors (ShiC and QK), who were blinded to the participants’ clinical characteristics during the recruitment and ATL measurements. Both authors are highly trained and experienced in gait system operations. Before performing the test system calibration, the participants were instructed to exposed their lower limbs and maintain a neutral standing position with their arms akimbo to avoid blocking the markers. The marker sets were attached to each participant’s thigh and shin while in a standing position, and a handheld digital probe was used to identify patient-specific bony landmarks, including the great trochanter, medial and lateral epicondyles, medial and lateral tibial plateaus, and medial and lateral malleoli (Figure 1A). The neutral standing position was also used as a zero reference. Following the identification procedure, customized three-dimensional tibiofemoral coordinate systems were automatically created by the system’s software.
[image: Figure 1]FIGURE 1 | (A) The marker sets were attached to the thigh and shin, and a handheld digital probe was used to identify patient-specific bony landmarks. (B) The level walking test. (C) The vertical jumping test. (D) The upslope walking test.
Before data collection, each participant walked on a level motorized bi-directional treadmill for 5∼10 min to adapt to the treadmill. Once ready, the participants informed the test operator, and the walking test began with the walking speed of 3.0 km/h (Figure 1B). After 10 s of stable walking, knee joint velocity data was collected for about 15 s (15 walking gait cycles) for both knee joints under the same experimental conditions. Participants performed upslope walking on the treadmill with a 5% slope (Figure 1D). Data collection was set at 15-second intervals, equivalent to 15 upslope gait cycles. For the vertical jumping, participants were instructed to drop from a 30 cm box and land on both feet simultaneously with hands on each side of their hips (Figure 1C). The vertical jumping was repeated three times for both knee joints to obtain effective kinematic knee data. There was a 5-minute break between the two experiment tasks for each participant to avoid fatigue effects and the influence of the previous test. The system automatically averaged the kinematics from all the test cycles into an averaged cycle, which included 101 data points. The knee kinematic data were extracted for statistical analysis.
2.3 Statistical analysis
The time points for both level and upslope walking we analyzed were initial contact (0% of the gait cycle), midstance (31% of the gait cycle), and swing phase maximum flexion (76% of the gait cycle). These time points are significant because they correspond to critical phases of the gait cycle, each reflecting different biomechanical demands and kinematic behaviors. For vertical jumping, the selected time points (propulsion stance, propulsion maximum flexion, landing maximum flexion, and landing stance) are similarly significant for understanding knee mechanics under different load conditions (Jiang, 2017; Gait and Balance Academy, 2018).
The mean and standard deviation were calculated for each variable of the participants’ “Tight” and “Lax” legs during 3 different experiment tasks. Before conducting independent t-tests, the normal distribution of the participants’ data was verified using the Shapiro-Wilk test. Independent sample t-tests were then used to determine the significant differences between the “Tight” and “Lax” groups in each biomechanical variable (p < 0.05). All the statistical procedures were conducted using IBM SPSS Statistical Software (Version 27.0; SPSS, Inc., Chicago, IL, United States).
3 RESULTS
The anterior-posterior tibial laxity curves of the “Tight” group and the “Lax” group are shown in Figure 2. The effects of knee anterior tibial laxity on 6DOF knee kinematics during three different experiment tasks (level walking, upslope walking, and vertical jumping) are summarized in Figures 3–6.
[image: Figure 2]FIGURE 2 | The anterior-posterior tibial laxity curves of the “Tight” group and the “Lax” group. Notes: * indicates significant differences between the “Tight” group and the “Lax” one (p < 0.05).
[image: Figure 3]FIGURE 3 | The 6DOF knee kinematic alterations between the “Tight” and “Lax” groups during level walking. (A-B), A shows the flexion angle alterations between two groups during a walking gait cycle and B shows their comparison at three primary time points. (C-D), C shows the anteroposterior tibial translation alterations between two groups during a walking gait cycle and D shows their comparison at three primary time points. (E-F), E shows the internal/external tibial rotation angle alterations between two groups during a walking gait cycle and F shows their comparison at three primary time points. (G-H), G shows the distal/proximal tibial translation alterations between two groups during a walking gait cycle and H shows their comparison at three primary time points. (I-J), I shows the adduction/abduction angle alterations between two groups during a walking gait cycle and J shows their comparison at three primary time points. (K-L), K shows the medial/lateral tibial translation alterations between two groups during a walking gait cycle and L shows their comparison at three primary time points. Notes: * indicates significant kinematic differences between the “Tight” group and the “Lax” one (p < 0.05).
[image: Figure 4]FIGURE 4 | The 6DOF knee kinematic alterations between the “Tight” and “Lax” groups during upslope walking. (A-B), A shows the flexion angle alterations between two groups during an upslope gait cycle and B shows their comparison at three primary time points. (C-D), C shows the anteroposterior tibial translation alterations between two groups during an upslope gait cycle and D shows their comparison at three primary time points. (E-F), E shows the internal/external tibial rotation angle alterations between two groups during an upslope gait cycle and F shows their comparison at three primary time points. (G-H), G shows the distal/proximal tibial translation alterations between two groups during an upslope gait cycle and H shows their comparison at three primary time points. (I-J), I shows the adduction/abduction angle alterations between two groups during an upslope gait cycle and J shows their comparison at three primary time points. (K-L), K shows the medial/lateral tibial translation alterations between two groups during an upslope gait cycle and L shows their comparison at three primary time points. Notes: * indicates significant kinematic differences between the “Tight” group and the “Lax” one (p < 0.05).
[image: Figure 5]FIGURE 5 | The 6DOF knee kinematic alterations between the “Tight” and “Lax” groups during vertical jumping. (A-B), A shows the flexion angle alterations between two groups during a vertical jumping cycle and B shows their comparison at four primary time points. (C-D), C shows the anteroposterior tibial translation alterations between two groups during a vertical jumping cycle and D shows their comparison at four primary time points. (E-F), E shows the internal/external tibial rotation angle alterations between two groups during a vertical jumping cycle and F shows their comparison at four primary time points. (G-H), G shows the distal/proximal tibial translation alterations between two groups during a vertical jumping cycle and H shows their comparison at four primary time points. (I-J), I shows the adduction/abduction angle alterations between two groups during a vertical jumping cycle and J shows their comparison at four primary time points. (K-L), K shows the medial/lateral tibial translation alterations between two groups during a vertical jumping cycle and L shows their comparison at four primary time points. Notes: * indicates significant kinematic differences between the “Tight” group and the “Lax” one (p < 0.05).
[image: Figure 6]FIGURE 6 | (A) The ROM of knee kinematics during level walking. (B) The ROM of knee kinematics during upslope walking. (C) The ROM of knee kinematics during vertical jumping. Notes: * indicates significant differences between the “Tight” group and the “Lax” one (p < 0.05).
3.1 Sagittal plane
No significant kinematic difference in the sagittal plane’s kinematics parameters was shown at level walking (Figures 3A–D). However, during upslope walking, the “Lax” group showed a greater posterior tibial translation of 5.4 ± 2.22 mm than the “Tight” group at swing max flexion (p = 0.018; Figures 4C, D). Additionally, we found that the “Lax” group had increased posterior tibial translation than the “Tight” group at propulsion max flexion (8.5 ± 2.78 mm, p = 0.003) and landing max flexion (7.6 ± 3.17 mm, p = 0.019) in the vertical jumping cycle (Figures 5C, D).
3.2 Transverse plane
As for the transverse plane, significant kinematic differences were found during level walking and upslope walking, but not during vertical jumping. Compared with the “Tight” group, the “Lax” group showed a significant increase in internal rotation of 1.9° ± 0.95° (p = 0.049) at initial contact (IC) during level walking (Figures 3E, F). During upslope walking, the knee internal rotation angle of the “Lax” group was found to be 2.1° ± 1.03° (p = 0.041) larger than that of the “Tight” group during IC (Figures 4E, F).
3.3 Coronal plane
In the coronal plane, there was no significant difference in adduction/abduction and medial/lateral tibial translation between the knees with high and low ATL during different experiment tasks (Figures 3I–L, 4I–L; Figures 5I–L). However, during level walking, the “Lax” group showed a greater range of motion (ROM) for medial/lateral tibial translation compared to the “Tight” group (1.5 ± 0.74 mm, p = 0.041). The same significant difference was observed during vertical jumping (2.4 ± 0.96 mm, p = 0.013; Figure 6).
4 DISCUSSION
4.1 Main finding of the study
This study investigated the knee joint performance of healthy subjects under various exercise conditions, differentiating between knees with high ATL (the “Lax” group) and those with low ATL (the “Tight” group). The findings indicated significant kinematic differences in the sagittal and transverse planes between these groups. During upslope walking and vertical jumping, the “Lax” group exhibited increased posterior tibial translation than the “Tight” group. The “Lax” group demonstrated greater external rotation of the tibia in both level and upslope walking. In addition, the “Lax” group showed a larger ROM in medial/lateral tibial translation during level walking and vertical jumping. These results may suggest that individuals with higher ATL experience less knee dynamic stability. Understanding these kinematic alterations is critical to develop targeted rehabilitation and injury prevention strategies for individuals with increased ATL or recovering from ACL injuries.
4.2 Sagittal plane
The findings of the sagittal plane confirmed our hypothesis that there would be significant kinematic alterations of the tibial anteroposterior position between different anterior tibial laxity during high-demand motions. During upslope walking, the posterior tibial translation increased in the “Lax” group compared to the “Tight” group at swing max flexion. In the vertical jumping cycle, the “Lax” group had increased posterior tibial translation than the “Tight” group during propulsion max flexion and landing max flexion. Our results are conflict with the findings of Torry et al. (2011). They found a strong relationship between passive anterior knee laxity measured via KT1000 and peak anterior tibial translation measured by biplane fluoroscopy system in healthy subjects performing vertical jumping. However, our findings align with Torry’s conclusions to some extent. This increased posterior tibial translation at knee flexion in our study may be attributed to the initial coordinate calibration of the three-dimensional motion capture gait system. At the time of calibration, the subject is in a standing position and exhibits the natural anterior tibial translation due to the effects of posterior tibial slope or other factors (Giffin et al., 2004; Wu et al., 2010; Dejour et al., 2019), whereas the system assumes that it is neutral and the translation displacement of the tibia is zero. So, when the knee is flexed, the contraction of the hamstrings can further exacerbate posterior tibial movement, particularly in individuals with high ATL. For patients with ACLD, Nishizawa and Tashman (Nishizawa and Tashman, 2017) have found no significant correlations between anterior tibial laxity and dynamic tibial translation. Over all, along with our findings, the high anterior tibial laxity is possibly related to anteroposterior tibial translation in healthy subjects, but further studies are needed to determine this relationship in ACLD/ACLR patients.
4.3 Transverse plane
In addition to anteroposterior tibial translation, the “Lax” group showed greater internal tibial rotation than the “Tight” group during level and upslope walking. This internal rotation may be due to altered knee mechanics and may be exacerbated by increased ACL laxity, which can compromise knee stability (Hazari et al., 2021). This observation aligns with the findings of Sato et al. (2013), who reported that greater laxity could influence rotational knee kinematics. They found that maximum tibial internal rotation during side-step cutting negatively correlated with static anterior tibial translation. Nevertheless, the exact mechanism of anterior tibial laxity affecting tibial rotation is not fully understood and is needed for further study.
4.4 Coronal plane
Different experimental tasks showed no significant differences between knees with high and low anterior tibial laxity in the coronal plane. Compared to the “Tight” group, the “Lax” group exhibited a larger ROM in medial/lateral tibial translation during level walking and vertical jumping. The increased ROM suggests the potential implications of high ATL for coronal plane knee stability. There is little literature on coronal plane stability in patients with anterior tibial laxity, and the literature usually focuses on the sagittal and transverse planes. In the research of Krosshaug et al. (Krosshaug et al., 2016), the medial knee displacement was considered as a screening test for predicting ACL injury, but ROC analysis indicated a poor combined sensitivity and specificity. Greater laxity could lead to increased variations in varus or valgus alignment during dynamic activities, thus affecting overall knee mechanics (Ortiz et al., 2014; Pinskerova and Vavrik, 2020; Hazari et al., 2021). Therefore, understanding the contribution of the coronal plane is critical as it provides insight into potential compensatory mechanisms or alignment issues that may arise due to increased anterior tibial laxity (Pinskerova and Vavrik, 2020).
4.5 Implications for dynamic stability
These kinematic alterations have significant implications for dynamic stability and injury risk. Individuals with higher ATL have greater tibial translation and rotation, which can lead to inefficient movement patterns and increased energy expenditure. This instability is particularly problematic during high-demand activities such as upslope walking and vertical jumping, where precise control of knee motion is critical for performance and injury prevention (Musahl et al., 2012; Migliorini et al., 2023). It may suggest that individuals with higher ATL could strengthen the quadriceps muscles to reduce posterior tibial displacement during exercise. Under normal circumstances, the ACL, other ligaments, and surrounding muscles work together to limit the front-to-back and inside-out movement of the tibia relative to the femur. When knee joint laxity increases, these limiting mechanisms can still function to a certain extent, so although the anteroposterior displacement and internal/external displacement increase, they will not reach pathological levels (Abulhasan and Grey, 2017). However, the consistent kinematic performance of the “Tight” group across various movements underscores the importance of maintaining adequate joint stiffness. This stability can be attributed to better neuromuscular control and stronger proprioceptive feedback mechanisms, which help maintain joint integrity and reduce the risk of injury (Hughes et al., 2019; Shagawa et al., 2021; Wang K. et al., 2021; Patel et al., 2023).
4.6 Limitations
This study has some limitations that need to be noticed. First, recruiting only healthy participants may restrict generalizability, though this selection helps reduce confounding factors from knee diseases. Future studies will aim to include a more diverse patient population to broaden the applicability of our findings. Second, the Opti_Knee gait system is susceptible to soft tissue artifacts, thereby the captured data may be compromised. However, two marker sets were attached to the distal third of the thigh and shank, which have been shown to minimize soft tissue artifact as much as possible (Akbarshahi et al., 2010; Schache et al., 2011). Further, we treated each knee as independent in this study, reflecting clinical observations of varied knee laxity between an individual’s knees. While this aligns with clinical realities, it might raise a statistical consideration regarding optimal analysis approaches. Finally, the clinical significance of our findings may be uncertain without a defined minimal meaningful difference for ATL and kinematic stability criteria. Further research is needed to establish clinically significant kinematic thresholds for knee laxity.
5 CONCLUSION
The study’s findings indicate that individuals with high anterior tibial laxity have less kinematic stability, particularly in the sagittal and transverse planes. While this instability could lead to an increased risk of injuries, such as ACL tears or meniscal damage, especially during high-impact activities, these inferences remain speculative. Future research should aim to provide a more comprehensive analysis, incorporating various dynamic conditions and a broader range of kinematic parameters, to better understand the functional implications of knee laxity and its potential association with injury risk.
DATA AVAILABILITY STATEMENT
The raw data supporting the conclusions of this article will be made available by the authors, upon reasonable request.
ETHICS STATEMENT
The studies involving humans were approved by the Ethics Committee of Guangdong Provincial Hospital of Chinese Medicine (ZE 2024-101-01). The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study.
AUTHOR CONTRIBUTIONS
SiC: Conceptualization, Investigation, Writing–original draft, Writing–review and editing, Data curation. SaC: Supervision, Writing–original draft. QK: Investigation, Writing–original draft, Data curation. FL: Investigation, Writing–review and editing. SZ: Formal Analysis, Writing–review and editing. XL: Formal Analysis, Writing–review and editing. CG: Formal Analysis, Writing–review and editing. YL: Methodology, Supervision, Writing–review and editing. DL: Methodology, Supervision, Writing–review and editing. XZ: Conceptualization, Project administration, Writing–review and editing, Visualization.
FUNDING
The author(s) declare that financial support was received for the research, authorship, and/or publication of this article. The study was supported by the Project of Administration of Traditional Chinese Medicine of Guangdong Province (No. Z155080000004), Chinese Medicine Leading Talents Project (Qihuang Scholar, No [2022]6 of Chinese Department of TCM Education), DL’s Guangdong Province Famous Traditional Chinese Medicine Inheritance Studio Construction Project (No. 0103030912), Lingnan Orthopaedic School Inheritance Studio Construction Project (No. E43607), Science and Technology Planning Project of Guangdong Province (No. 2023B1212060063), Shi Yangshan Academic Experience Inheritance Studio Construction Project (No. E43715), National Natural Science Foundation of China (No. 82274554), Guangdong Provincial Hospital of Chinese Medicine’s Outstanding Talent Funding Special Program (No. BJ2022YL07), and Zhuhai Science and Technology Plan Project (No. ZH22036201210078PWC).
ACKNOWLEDGMENTS
The authors would like to thank Junhua Luo, Ruotong Liao, Zhixi Zhu, Kai Chen, and Chengyu Huang, graduate students at The Second Clinical Medical College of Guangzhou University of Chinese Medicine, for helping the recruitment of the subjects for this work.
GENERATIVE AI STATEMENT
The author(s) declare that no Generative AI was used in the creation of this manuscript.
PUBLISHER’S NOTE
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
REFERENCES
 Abulhasan, J. F., and Grey, M. J. (2017). Anatomy and physiology of knee stability. J. Funct. Morphol. Kinesiol 2, 34. doi:10.3390/jfmk2040034
 Akbarshahi, M., Schache, A. G., Fernandez, J. W., Baker, R., Banks, S., and Pandy, M. G. (2010). Non-invasive assessment of soft-tissue artifact and its effect on knee joint kinematics during functional activity. J. Biomech. 43, 1292–1301. doi:10.1016/j.jbiomech.2010.01.002
 Amano, K., Pedoia, V., Su, F., Souza, R. B., Li, X., and Ma, C. B. (2016). Persistent biomechanical alterations after ACL reconstruction are associated with early cartilage matrix changes detected by quantitative MR. Orthop. J. Sports Med. 4, 2325967116644421. doi:10.1177/2325967116644421
 Boeth, H., Duda, G. N., Heller, M. O., Ehrig, R. M., Doyscher, R., Jung, T., et al. (2013). Anterior cruciate ligament–deficient patients with passive knee joint laxity have a decreased range of anterior-posterior motion during active movements. Am. J. Sports Med. 41, 1051–1057. doi:10.1177/0363546513480465
 Dejour, D., Pungitore, M., Valluy, J., Nover, L., Saffarini, M., and Demey, G. (2019). Preoperative laxity in ACL-deficient knees increases with posterior tibial slope and medial meniscal tears. Knee Surg. sports Traumatol. Arthrosc. Off. J. ESSKA 27, 564–572. doi:10.1007/s00167-018-5180-3
 Elfring, R., de la Fuente, M., and Radermacher, K. (2010). Assessment of optical localizer accuracy for computer aided surgery systems. Comput. Aided Surg. Off. J. Int. Soc. Comput. Aided Surg. 15, 1–12. doi:10.3109/10929081003647239
 Gait and Balance Academy (2018). Understanding phases of the gait cycle. ProtoKinetics . Available at: https://protokinetics.com/understanding-phases-of-the-gait-cycle/(Accessed July 31, 2024). 
 Giffin, J. R., Vogrin, T. M., Zantop, T., Woo, S. L. Y., and Harner, C. D. (2004). Effects of increasing tibial slope on the biomechanics of the knee. Am. J. Sports Med. 32, 376–382. doi:10.1177/0363546503258880
 Hazari, A., Maiya, A. G., and Nagda, T. V. (2021). “Kinematics and kinetics of knee joint,” in Conceptual biomechanics and kinesiology ed . Editors A. Hazari, A. G. Maiya, and T. V. Nagda (Singapore: Springer), 145–163. doi:10.1007/978-981-16-4991-2_12
 Hughes, J. D., Rauer, T., Gibbs, C. M., and Musahl, V. (2019). Diagnosis and treatment of rotatory knee instability. J. Exp. Orthop. 6, 48. doi:10.1186/s40634-019-0217-1
 Jiang, S. (2017). Gait analysis: normal and pathological function. 2nd Edn. China: Shanghai Scientific and Technical Publishers. 
 Keizer, M. N. J., Hijmans, J. M., Gokeler, A., Benjaminse, A., and Otten, E. (2020). Healthy subjects with lax knees use less knee flexion rather than muscle control to limit anterior tibia translation during landing. J. Exp. Ortop. 7, 32. doi:10.1186/s40634-020-00246-6
 Krosshaug, T., Steffen, K., Kristianslund, E., Nilstad, A., Mok, K.-M., Myklebust, G., et al. (2016). The vertical drop jump is a poor screening test for ACL injuries in female elite soccer and handball players: a prospective cohort study of 710 athletes. Am. J. Sports Med. 44, 874–883. doi:10.1177/0363546515625048
 Kuster, M., Sakurai, S., and Wood, G. A. (1995). Kinematic and kinetic comparison of downhill and level walking. Clin. Biomech. 10, 79–84. doi:10.1016/0268-0033(95)92043-L
 Li, A. K., Ochoa, J. K., Pedoia, V., Amano, K., Souza, R. B., Li, X., et al. (2020). Altered tibiofemoral position following ACL reconstruction is associated with cartilage matrix changes: a voxel-based relaxometry analysis. J. Orthop. Res. Off. Publ. Orthop. Res. Soc. 38, 2454–2463. doi:10.1002/jor.24708
 Lutz, P. M., Höher, L. S., Feucht, M. J., Neumann, J., Junker, D., Wörtler, K., et al. (2021). Ultrasound-based evaluation revealed reliable postoperative knee stability after combined acute ACL and MCL injuries. J. Exp. Orthop. 8, 76. doi:10.1186/s40634-021-00401-7
 Migliorini, F., Oliva, F., Eschweiler, J., Torsiello, E., Hildebrand, F., and Maffulli, N. (2023). Knee osteoarthritis, joint laxity and PROMs following conservative management versus surgical reconstruction for ACL rupture: a meta-analysis. Brit. Med. Bull. 145, 72–87. doi:10.1093/bmb/ldac029
 Musahl, V., Seil, R., Zaffagnini, S., Tashman, S., and Karlsson, J. (2012). The role of static and dynamic rotatory laxity testing in evaluating ACL injury. Knee Surg. Sport. Tr. A 20, 603–612. doi:10.1007/s00167-011-1830-4
 Nishizawa, Y., and Tashman, S. (2017). “In vivo biomechanics: laxity versus dynamic stability,” in Rotatory knee instability: an evidence based approach ed . Editors V. Musahl, J. Karlsson, R. Kuroda, and S. Zaffagnini (Cham: Springer International Publishing), 37–48. doi:10.1007/978-3-319-32070-0_4
 Ortiz, A., Capo-Lugo, C. E., and Venegas-Rios, H. L. (2014). Biomechanical deficiencies in women with semitendinosus-gracilis anterior cruciate ligament reconstruction during drop jumps. PM R. J. Inj. Funct. Rehabil. 6, 1097–1106. doi:10.1016/j.pmrj.2014.07.003
 Õunpuu, S. (1994). The biomechanics of walking and running. Clin. Sports Med. 13, 843–863. doi:10.1016/S0278-5919(20)30289-1
 Park, J. H., Choi, M.-H., Lee, J., Han, H.-S., Lee, M. C., and Ro, D. H. (2021). Gait deviations of patients with ruptured anterior cruciate ligament: a cross-sectional gait analysis study on male patients. Knee Surg. Relat. Res. 33, 45. doi:10.1186/s43019-021-00128-w
 Patel, H. H., Berlinberg, E. J., Nwachukwu, B., Williams, R. J., Mandelbaum, B., Sonkin, K., et al. (2023). Quadriceps weakness is associated with neuroplastic changes within specific corticospinal pathways and brain areas after anterior cruciate ligament reconstruction: theoretical utility of motor imagery-based brain-computer interface technology for rehabilitation. Arthrosc. Sports Med. Rehabil. 5, e207–e216. doi:10.1016/j.asmr.2022.11.015
 Pinskerova, V., and Vavrik, P. (2020). “Knee anatomy and biomechanics and its relevance to knee replacement,” in Personalized hip and knee joint replacement ed . Editors C. Rivière,, and P.-A. Vendittoli (Cham: Springer International Publishing), 159–168. doi:10.1007/978-3-030-24243-5_14
 Ryan, W., Harrison, A., and Hayes, K. (2006). Functional data analysis of knee joint kinematics in the vertical jump. Sports Biomech. 5, 121–138. doi:10.1080/14763141.2006.9628228
 Sato, K., Maeda, A., Takano, Y., Matsuse, H., Ida, H., and Shiba, N. (2013). Relationship between static anterior laxity using the KT-1000 and dynamic tibial rotation during motion in patients with anatomical anterior cruciate ligament reconstruction. Kurume Med. J. 60, 1–6. doi:10.2739/kurumemedj.ms62002
 Schache, A. G., Blanch, P. D., Dorn, T. W., Brown, N. A. T., Rosemond, D., and Pandy, M. G. (2011). Effect of running speed on lower limb joint kinetics. Med. Sci. Sports Exerc 43, 1260–1271. doi:10.1249/MSS.0b013e3182084929
 Shagawa, M., Maruyama, S., Sekine, C., Yokota, H., Hirabayashi, R., Hirata, A., et al. (2021). Comparison of anterior knee laxity, stiffness, genu recurvatum, and general joint laxity in the late follicular phase and the ovulatory phase of the menstrual cycle. Bmc Musculoskelet. Di. 22, 886. doi:10.1186/s12891-021-04767-8
 Shi, X., Shen, B., Kang, P., Yang, J., Zhou, Z., and Pei, F. (2013). The effect of posterior tibial slope on knee flexion in posterior-stabilized total knee arthroplasty. Knee Surg. Sports Traumatol. Arthrosc. 21, 2696–2703. doi:10.1007/s00167-012-2058-7
 Sommerfeldt, M., Raheem, A., Whittaker, J., Hui, C., and Otto, D. (2018). Recurrent instability episodes and meniscal or cartilage damage after anterior cruciate ligament injury: a systematic review. Orthop. J. Sports Med. 6, 2325967118786507. doi:10.1177/2325967118786507
 Sonesson, S., and Kvist, J. (2017). Dynamic and static tibial translation in patients with anterior cruciate ligament deficiency initially treated with a structured rehabilitation protocol. Knee Surg. sports Traumatol. Arthrosc. Off. J. ESSKA 25, 2337–2346. doi:10.1007/s00167-015-3714-5
 Tagesson, S., Öberg, B., and Kvist, J. (2015). Static and dynamic tibial translation before, 5 weeks after, and 5 years after anterior cruciate ligament reconstruction. Knee Surg. sports Traumatol. Arthrosc. Off. J. ESSKA 23, 3691–3697. doi:10.1007/s00167-014-3279-8
 Thorhauer, E., Ma, Y., and Tashman, S. (2014). Relationships between static laxity and dynamic knee function after ACL reconstruction. 
 Torry, M. R., Myers, C., Pennington, W. W., Shelburne, K. B., Krong, J. P., Giphart, J. E., et al. (2011). Relationship of anterior knee laxity to knee translations during drop landings: a bi-plane fluoroscopy study. Knee Surg. sports Traumatol. Arthrosc. Off. J. ESSKA 19, 653–662. doi:10.1007/s00167-010-1327-6
 Wang, K., Chen, Y., Wang, H., Zhang, J., Liu, Q., Yang, Z., et al. (2021). Effects of neuromuscular training on joint stability in patients with knee osteoarthritis. Natl. Med. J. China 101, 786–791. doi:10.3760/cma.j.cn112137-20200619-01897
 Wang, S., Zeng, X., Huangfu, L., Xie, Z., Ma, L., Huang, W., et al. (2021). Validation of a portable marker-based motion analysis system. J. Orthop. Surg. Res. 16, 425. doi:10.1186/s13018-021-02576-2
 Wetters, N., Weber, A. E., Wuerz, T. H., Schub, D. L., and Mandelbaum, B. R. (2016). Mechanism of injury and risk factors for anterior cruciate ligament injury. Oper. Techn. Sport. Med. 24, 2–6. doi:10.1053/j.otsm.2015.09.001
 Wu, J.-L., Hosseini, A., Kozanek, M., Gadikota, H. R., Gill, T. J., and Li, G. (2010). Kinematics of the anterior cruciate ligament during gait. Am. J. Sports Med. 38, 1475–1482. doi:10.1177/0363546510364240
 Zhang, Y., Huang, W., Yao, Z., Ma, L., Lin, Z., Wang, S., et al. (2016). Anterior cruciate ligament injuries alter the kinematics of knees with or without meniscal deficiency. Am. J. Sports Med. 44, 3132–3139. doi:10.1177/0363546516658026
 Zhang, Y., Yao, Z., Wang, S., Huang, W., Ma, L., Huang, H., et al. (2015). Motion analysis of Chinese normal knees during gait based on a novel portable system. Gait Posture 41, 763–768. doi:10.1016/j.gaitpost.2015.01.020
 Zlotnicki, J. P., Naendrup, J.-H., Ferrer, G. A., and Debski, R. E. (2016). Basic biomechanic principles of knee instability. Curr. Rev. Musculoskelet. Med. 9, 114–122. doi:10.1007/s12178-016-9329-8
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 © 2024 Chen, Chen, Kang, Lin, Zheng, Liu, Guo, Li, Lin and Zeng. 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/fbioe-12-1514516-g005.gif
(e s

e

iy






OPS/images/fbioe-12-1514516-g006.gif





OPS/images/fbioe-12-1514516-g003.gif
i oy

Ao oy

e v

“

it o ey






OPS/images/fbioe-12-1514516-g004.gif





OPS/xhtml/nav.xhtml
Contents

		Cover

		Significant differences in knee kinematics of healthy subjects with high and low anterior tibial laxity		Background

		Methods

		Results

		Conclusion

		1 Introduction

		2 Methods		2.1 Subjects

		2.2 Devices and experiment procedures

		2.3 Statistical analysis





		3 Results		3.1 Sagittal plane

		3.2 Transverse plane

		3.3 Coronal plane





		4 Discussion		4.1 Main finding of the study

		4.2 Sagittal plane

		4.3 Transverse plane

		4.4 Coronal plane

		4.5 Implications for dynamic stability

		4.6 Limitations





		5 Conclusion

		Data availability statement

		Ethics statement

		Author contributions

		Funding

		Acknowledgments

		Generative AI statement

		Publisher’s note

		References









OPS/images/cover.jpg
’ frontiers | Frontiersin Bioengineering and Biotechnology

Significant differences in knee
kinematics of healthy subjects
with high and low anterior tibial
laxity





OPS/images/fbioe-12-1514516-g001.gif





OPS/images/fbioe-12-1514516-g002.gif









OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
P frontiers | Frontiers i

Bioengineering and Biotechnology





