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Objective: The Ligs Digital Arthrometer is a recently launched versatile arthrometer that can be used for the quantitative assessment of knee and ankle joint laxity. This study aimed to evaluate the validity of the Ligs Digital Arthrometer for the diagnosis of complete anterior cruciate ligament (ACL) ruptures at different loads.
Materials and Methods: From March 2020 to February 2021, we included 114 normal subjects and 132 subjects diagnosed with complete ACL ruptures by magnetic resonance imaging (MRI) and eventually confirmed by arthroscopy in the study. Anterior knee laxity was independently measured by the same physical therapist using the Ligs Digital Arthrometer. Recorded anterior knee laxity and calculated the side-to-side difference (SSD) at 30, 60, 90, 120, and 150 N loads, respectively. The receiver operating characteristic (ROC) curve was used to determine the optimal laxity threshold, and the diagnostic value was evaluated by the area under the curve (AUC).
Results: The demographic data of the subjects were comparable between the two groups (p > 0.05). The mean values of anterior knee laxity measured by the Ligs Digital Arthrometer between the complete ACL ruptures group and the control group were significantly different at 30, 60, 90, 120, and 150 N loads (p < 0.001 for all). According to the results of ROC curve analysis, the optimal laxity threshold for the diagnosis of complete ACL ruptures was 1.1 mm SSD (Se = 66.7%, Sp = 69.3%) at 30 N, 1.3 mm (Se = 74.2%, Sp = 82.5%) at 60 N, 1.6 mm (Se = 79.5%, Sp = 94.7%) at 90 N, 1.9 mm (Se = 84.1%, Sp = 92.1%) at 120 N and 2.1 mm (Se = 85.6%, Sp = 91.2%) at 150 N. The AUC order at different loads from high to low was 150 N (0.948 [0.923–0.973])>120 N (0.933 [0.903–0.963])>90 N (0.902 [0.862–0.943])>60 N (0.846 [0.799–0.893])>30 N (0.720 [0.657–0.783]).
Conclusion: The Ligs Digital Arthrometer proved to be of high diagnostic value in complete ACL ruptures at 90 N, 120 N, and 150 N loads. The diagnostic value improved with the increase of load in a certain range. Based on the results of this study, as a portable, digital and versatile new arthrometer, the Ligs Digital Arthrometer was a valid and promising tool for diagnosing complete ACL ruptures.
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1 INTRODUCTION
Anterior cruciate ligament (ACL) ruptures are the most common type of knee injury with more than 250,000 ACL ruptures annually in the United States. Up to 65% of patients with ACL ruptures undergo anterior cruciate ligament reconstruction (ACLR) surgery; however, some patients with ACL ruptures can be treated with conservative therapy and rehabilitation training instead of operative therapy (Musahl and Karlsson, 2019; Kakavas et al., 2021). Considering this diversity of treatments, clinical diagnosis and evaluation after ACL ruptures are of great significance for selecting proper treatment. Therefore, the objective quantification assessment of anterior knee laxity using an arthrometer is necessary for ACL ruptures (Rohman and Macalena, 2016; Ryu et al., 2018).
Current arthrometers mainly include the KT-1000/KT-2000, Rolimeter and GNRB. Although the KT-1000/KT-2000 (MEDmetric Corp, San Diego, United States) is the most widely used arthrometer with generally supportive diagnostic validity, it can only provide specific loads to diagnose ACL ruptures. Additionally, precision is relatively low at 1 mm and a reading error exists because an artificial reading is required (Robert et al., 2009; Rohman and Macalena, 2016; Saravia et al., 2020). The Rolimeter (Aircast Europa, Neubeuern, Germany) is a device that requires the examiner to record anterior knee laxity by performing the Lachman test at maximal manual force, but this device has several drawbacks including an uncontrolled load and poor repeatability (Balasch et al., 1999; Papandreou et al., 2005; Rohman and Macalena, 2016). The GNRB (Genourob, Laval, France) is a computerized arthrometer with high precision that can provide a constant thrust load and automatically record the corresponding knee laxity, and has been proven to have good validity by several studies (Robert, et al., 2009; Klouche et al., 2015; Rohman and Macalena, 2016; Ryu, et al., 2018; Saravia, et al., 2020). Moreover, as a stress radiography system, the Telos device (GmbH, Hungen, Germany) can directly evaluate anterior tibial translation with high repeatability and no interference with soft tissue. However, it requires the operator to measure radiographs, which is expensive and includes a certain amount of radiation exposure for patients (Jorn et al., 1998; Beldame et al., 2012; Lefevre et al., 2014; Bouguennec et al., 2015; Rohman and Macalena, 2016; Ryu, et al., 2018).
The recently launched Ligs Digital Arthrometer (Innomotion Inc., Shanghai, China) is a versatile arthrometer with portable, digital and radiation-free characteristics that can be used for the quantitative assessment of knee and ankle joint laxity. It has a built-in pressure sensor with an accuracy of 1 N and can provide continuous or constant loads as required. During the measurement, the push rod of the Ligs Digital Arthrometer applies vertical load on the tibia from the rear of the lower leg parallel to the tibial tubercle. The relative displacement is automatically collected in real time by a displacement sensor on the top of the push rod, with a precision of 0.1 mm and a sampling frequency of 30 Hz. Collected data are processed and analysed using the built-in PC system to obtain a force-displacement curve displayed on the screen. In addition, it can perform simultaneous stress radiography with the assistance of radiological equipment when necessary.
At present, the Ligs Digital Arthrometer has been reported in the literature for the quantitative assessment of chronic ankle instability and knee laxity after ACLR (Chen et al., 2022; Zhou et al., 2022). However, there are no studies concerning the application of the Ligs Digital Arthrometer in the diagnosis of ACL ruptures. Therefore, the purpose of this study was to evaluate the validity of the Lig Digital Arthrometer for the diagnosis of complete ACL ruptures at different loads using arthroscopic assessment as the reference standard.
2 MATERIALS AND METHODS
A cross-sectional study from March 2020 to February 2021 was conducted. This study was approved by the Ethics Committee on Biomedical Research, West China Hospital of Sichuan University (No. 2016–99 11/1/2016). All subjects understood the purpose and significance of this study and signed an informed consent form.
2.1 Inclusion and exclusion criteria
Subjects in the experimental group included the patients in our hospital between 18 and 60 years of age, who were diagnosed with complete ACL ruptures by magnetic resonance imaging (MRI) and eventually confirmed by arthroscopy. The exclusion criteria were as follows: 1) ACL avulsion fracture; 2) concomitant PCL injury; 3) previous surgery and primary disease in the involved knee; 4) previous injury, surgery and primary disease in the contralateral knee; or 5) refusal to participate in the research. Meanwhile, normal people aged between 18 and 60 years were recruited as the control group. The exclusion criteria were as follows: 1) previous injury, surgery and primary disease in either knee; or 2) refusal to participate in the research.
2.2 Measurement of anterior knee laxity
Anterior knee laxity was independently measured by the same physical therapist after strict training using the Ligs Digital Arthrometer (Figure 1). In the experimental group, the healthy knee was measured followed by the involved knee. In the control group, the operator first measured the left knee followed by the right knee.
[image: Figure 1]FIGURE 1 | The presentation of the Ligs Digital Arthrometer.
The subject was placed in the standard lateral decubitus position with the involved lower limb on the Ligs Digital Arthrometer. The involved knee flexed at 30° with neutral rotation, and a pad was used to support the ankle joint to keep the tibia horizontal without internal and external rotation. Meanwhile, the contralateral lower limb was bent and placed in front of the body, and the knee joint was supported with a pad to keep it in a relaxed state. The operator aimed the centre of the push rod at the level of the tibial tubercle from the rear of the lower leg, then adjusted the upper bracket to make the patella close to the groove of the patella baffle, and then moved the lower bracket to the end to fix the lower tibia using the tibia baffle (Figure 2).
[image: Figure 2]FIGURE 2 | The measurement of anterior knee laxity by the Ligs Digital Arthrometer.
Before each measurement, the operator reset the arthrometer and instructed the patient to relax the muscles of the lower limbs. During the measurement, a forward load ranging from 0 to 150 N was manually applied to the tibia at a constant speed. If the subject experienced any significant discomfort, the measurement procedure was stopped immediately or at any time upon the subject’s request. The contralateral knee joint was measured by the same method.
In the present study, the anterior knee laxity corresponding to the loads of 30, 60, 90, 120, and 150 N was automatically recorded and a force-displacement curve was generated (Figure 3). Each knee joint was measured three times, and the average of the three measurements was determined. After the measurement, the side-to-side difference (SSD) of anterior knee laxity at the corresponding load was calculated.
[image: Figure 3]FIGURE 3 | The display interface of the Ligs Digital Arthrometer for data collection. Load, the applied load; Disp, anterior displacement of the knee; D-value, the difference value of displacement between the current load and the prior load.
2.3 Data collection
The sex ratio, age, height, weight, BMI and SSD in anterior knee laxity at 30, 60, 90, 120, and 150 N loads were recorded for all subjects. Besides, we recorded the time from injury to measurement and the concomitant injuries of the medial collateral ligament (MCL), anterolateral ligament (ALL) and meniscuses for patients with complete ACL ruptures. A total of 246 subjects were enrolled in this study, which included 132 subjects with complete ACL ruptures in the experimental group and 114 normal subjects in the control group. The mean age of the subjects was 31.04 ± 5.35 years (range, 19 to 44 years) with a sex distribution of 171 males and 75 females.
2.4 Statistical analysis
A post hoc power analysis using G*Power software version 3.1.9.2 (Franz, Universitat Kiel, Germany) with a given effect size of 0.8 and α = 0.05 revealed a power of 1.
Data were analysed using the Statistical Package for Social Sciences (SPSS) version 26.0 (IBM Corp., Armonk, New York, United States). Categorical variables were expressed as frequencies and analysed using the chi-square test. Continuous variables were expressed as means and standard deviations. The normality of continuous variable distributions was analysed using the Shapiro‒Wilk test. If the distribution was normal, the parametric Student’s t-test was used for the quantitative variables. Otherwise, the non-parametric Mann‒Whitney U test was used. The optimal laxity thresholds of the Ligs Digital Arthrometer at 30, 60, 90, 120, and 150 N loads were determined according to receiver operating characteristic (ROC) curve analysis. The sensitivity (Se), specificity (Sp), positive predictive value (PPV), negative predictive value (NPV), positive likelihood ratio (LR+), negative likelihood ratio (LR-) and Youden’s index were calculated. Furthermore, the diagnostic value was evaluated by the area under the curve (AUC) with a 95% CI. Specifically, the diagnostic value corresponding to different AUCs can be divided into null (AUC = 0.5), poorly informative (0.5<AUC<0.7), fairly informative (0.7<AUC<0.9), highly informative (0.9<AUC<1), and perfect (AUC = 1) (Klouche, et al., 2015). A p-value <0.05 was considered statistically significant for all analyses.
3 RESULTS
A total of 132 subjects, including 92 males and 40 females, were finally diagnosed with complete ACL ruptures by arthroscopy in the experimental group, and 46 cases were accompanied with MCL injuries (including 36 cases of grade I, 8 cases of grade II and 2 cases of grade III), 74 cases were accompanied with ALL abnormalities, 52 cases were accompanied with lateral meniscus injuries, and 46 cases were accompanied with medial meniscus injuries (including 7 cases of bucket handle tears). The mean time from injury to measurement was 8.69 ± 8.22 weeks and ranged from 1 to 42 weeks. The 114 normal subjects in the control group included 79 males and 35 females. The demographic data of the subjects were comparable between the two groups (Table 1). All the subjects were able to tolerate the maximum load of 150 N during the measurement.
TABLE 1 | Demographic data of the subjects in two groups.
[image: Table 1]The mean SSD of anterior knee laxity measured by the Ligs Digital Arthrometer at 30 N was 1.58 ± 1.07 mm in the experimental group and 0.84 ± 0.59 mm in the control group (p < 0.001). The mean SSD at 60 N was 2.65 ± 1.71 mm in the experimental group and 0.90 ± 0.67 mm in the control group (p < 0.001). At 90 N, the mean SSD was 3.37 ± 2.02 mm in the experimental group and 0.94 ± 0.70 mm in the control group (p < 0.001). At 120 N, the mean SSD was 4.08 ± 2.30 mm in the experimental group and 1.01 ± 0.71 mm in the control group (p < 0.001). At 150 N, the mean SSD was 4.63 ± 2.52 mm in the experimental group and 1.10 ± 0.79 mm in the control group (p < 0.001) (Figure 4).
[image: Figure 4]FIGURE 4 | The side-to-side difference between the two groups in anterior knee laxity measured by the Ligs Digital Arthrometer.
According to the ROC curve analysis, the optimal laxity threshold for the diagnosis of complete ACL ruptures by the Ligs Digital Arthrometer was 1.1 mm SSD (Se = 66.7%, Sp = 69.3%) at 30 N, 1.3 mm (Se = 74.2%, Sp = 82.5%) at 60 N, 1.6 mm (Se = 79.5%, Sp = 94.7%) at 90 N, 1.9 mm (Se = 84.1%, Sp = 92.1%) at 120 N, and 2.1 mm (Se = 85.6%, Sp = 91.2%) at 150 N (Table 2).
TABLE 2 | Results of the ROC curve analysis for the Ligs Digital Arthrometer.
[image: Table 2]The AUC analysis showed that the measurements of the Ligs Digital Arthrometer were fairly informative at 30 N and 60 N loads, and highly informative at 90 N, 120 N, and 150 N loads. The AUC order at different loads from high to low was 150 N (0.948 [0.923–0.973])>120 N (0.933 [0.903–0.963])>90 N (0.902 [0.862–0.943])>60 N (0.846 [0.799–0.893])>30 N (0.720 [0.657–0.783]) (Figure 5).
[image: Figure 5]FIGURE 5 | The ROC curves of the Ligs Digital Arthrometer for the diagnosis of complete ACL ruptures. (A) 30 N; (B) 60 N; (C) 90 N; (D) 120 N; (E) 150 N.
4 DISCUSSION
Clinical examination and MRI are the two main methods that are used to evaluate ACL ruptures (Kaeding et al., 2017). Although MRI is widely used as the preferred imaging method for the diagnosis of ACL ruptures with excellent sensitivity and specificity, it cannot be used to evaluate the severity of knee instability after injury (Koch et al., 2021; Shantanu et al., 2021). The anterior drawer test and Lachman test are commonly used physical examination to evaluate anterior knee laxity, but results are susceptible to patients’ pain, muscular tension and inherent knee laxity (Rohman and Macalena, 2016). In addition, the differences in clinician experience and applied manual force will lead to a certain degree of subjectivity in results and an inaccurate quantitative assessment of anterior knee laxity. In view of this problem, arthrometers have gradually become an important auxiliary device for the diagnosis of ACL ruptures and the quantitative evaluation of anterior knee laxity.
As a new versatile arthrometer, one advantage of the Ligs Digital Arthrometer is the ability to quantitatively assess the laxity of knee and ankle joints, by combining different fixation suites. A recent study by Chen et al. showed that the Ligs Digital Arthrometer is useful for quantifying the ankle laxity in chronic ankle instability with high diagnostic accuracy and excellent reliability (Chen et al., 2022). In terms of rehabilitation after ACLR, Zhou et al. assessed knee laxity after ACLR using the Ligs Digital Arthrometer to assist the guidance of return-to-sports decision-making (Zhou et al., 2022). Second, the Ligs Digital Arthrometer generates a force-displacement curve by delivering continuous loads and recording the laxity with a precision up to 0.1 mm, which allows the diagnosis of ACL ruptures based on the differential laxity of a force-displacement curve (Rohman and Macalena, 2016). Furthermore, another potential advantage of the Ligs Digital Arthrometer is that it can provide a specific load for simultaneous stress radiography. The imaging protocol of this approach is similar to that of the Telos device, which can directly evaluate the anterior tibial translation to avoid soft-tissue effects.
Therefore, for the diagnosis of ACL ruptures, the Ligs Digital Arthrometer can apply continuous loads to the patients, automatically record knee laxity with a higher accuracy on the screen, and provide a force-displacement curve when compared with the KT-1000 (Robert et al., 2009; Rohman and Macalena, 2016; Saravia et al., 2020). Although the GNRB can automatically measure knee laxity and has surface electrodes to control hamstring relaxation, the measurement is limited to the knee joint, and the instrument is not capable of realizing stress radiography like the Ligs Digital Arthrometer (Robert et al., 2009). In addition, the Telos device is specialized for stress radiography and cannot perform radiation-free arthrometry (Bouguennec et al., 2015).
The application of several arthrometers, such as the KT-1000, Genucom, Rolimeter, GNRB and the Stryker knee laxity tester, for the diagnosis of ACL ruptures has been previously reported (Mouton et al., 2016). The results of a meta-analysis showed that the sensitivity of the KT-1000 at 69 N was 54% for the diagnosis of ACL ruptures. The sensitivity and specificity of the KT-1000 were 78% and 92% at 89 N, respectively, while it had a better sensitivity of 93% and a better specificity of 93% at the maximum manual force. For the Genucom Knee Analysis System, the sensitivity was 74% and the specificity was 82%, while the Stryker Knee Laxity Tester had a sensitivity of 82% and a specificity of 90% (Van Eck, et al., 2013). Moreover, Panisset et al. found that the Rolimeter with SSD>5 mm had a 67.5% sensitivity and an 84.3% specificity for complete ACL ruptures (Panisset et al., 2012). For ACL-deficient knees, Ganko et al. found that the Rolimeter had a better sensitivity of 89% and a better specificity of 95% with SSD>3 mm diagnostic threshold (Ganko et al., 2000). Similarly, Passler et al. reported that the sensitivity and specificity of the Rolimeter for the diagnosis of ACL deficiency were 93% and 87%, respectively (Pässler et al., 1998) (Table 3).
TABLE 3 | Results of the ROC curve analysis for different arthrometers.
[image: Table 3]Furthermore, the validity of the GNRB for the diagnosis of ACL ruptures has been confirmed by several studies. Robert et al. found that the GNRB with SSD>3 mm had a sensitivity of 70% and a specificity of 99% at 134 N for the diagnosis of complete ACL ruptures, and at 134 N, it provided a sensitivity of 80% and a specificity of 87% with a 1.5 mm SSD diagnostic threshold in partial ACL ruptures (Robert, et al., 2009). A study by Klouche et al. reported the diagnostic value of the GNRB at different loads in complete ACL ruptures, and the GNRB with a 1.9 mm SSD threshold, had the highest diagnostic value at 200 N with a sensitivity of 92% and a specificity of 98% (Klouche, et al., 2015). Likewise, Saravia et al. found that the GNRB at 134 N delivered a sensitivity of 90.7% and a specificity of 40.3% with a threshold of 3 mm SSD for complete ACL ruptures. The threshold at 6.8 mm SSD offered a higher sensitivity (74.4%) and specificity (93.8%) with an AUC of 0.863 (Saravia, et al., 2020). Furthermore, Beldame et al. evaluated the validity of the GNRB in diagnosing complete ACL ruptures at loads of 89 N to 250 N (Beldame, et al., 2012). These results demonstrated that the GNRB with a 1.5 mm SSD threshold, had a sensitivity of 48.6% and specificity of 93.1% at 89 N, a sensitivity of 59.4% and specificity of 93.1% at 134 N, a sensitivity of 59.4% and specificity of 91.4% at 150 N, and a sensitivity of 62.2% and specificity of 75.9% at 250 N. For the diagnosis of partial ACL ruptures, Lefevre et al. found that the optimal SSD threshold of the GNRB was 2.5 mm with an AUC of 0.89, which had 84% sensitivity and 81% specificity (Lefevre, et al., 2014). Besides, Mouton et al. reported that the sensitivity and specificity of the GNRB at 200 N were 75% and 95%, respectively, with a threshold of 1.2 mm when diagnosing all ACL rupture types (Mouton et al., 2015) (Table 3).
To our knowledge, this study was the first to report the application of the Ligs Digital Arthrometer in the diagnosis of complete ACL ruptures. In the present study, the Ligs Digital Arthrometer provided a high diagnostic value at 90, 120, and 150 N loads. Simultaneously, we found that the diagnostic value improved with an increasing applied load in a certain range, which was similar to the results of previous studies (Highgenboten et al., 1992; Van Eck et al., 2013; Klouche, et al., 2015). Especially at 150 N load, the Ligs Digital Arthrometer delivered a better validity (Se 85.6% and Sp 91.2% at a 2.1 mm SSD threshold with an AUC of 0.95) for the diagnosis of complete ACL ruptures.
According to the findings of Lee et al., the diagnostic value of an arthrometer at the 30° knee flexion was significantly superior to that at the 45°, 60°, and 90° knee positions (Lee et al., 2019). Therefore, the 30° knee position, similar to the Lachman test, was used to measure anterior knee laxity by the Ligs Digital Arthrometer in the present study, which was helpful in increasing its diagnostic validity. During the measurement, the knee joint should be in neutral rotation because the anterior knee laxity measured in this state was considered as the intermediate displacement between the medial and lateral compartment (Papandreou, et al., 2005). Otherwise, the internal rotation of the knee joint decreased anterior knee laxity, while the external rotation resulted in an increase (Saravia, et al., 2020). Moreover, Ryu et al. found that meniscal tears or grade I MCL injuries accompanied by ACL ruptures may increase the laxity of the involved knee and improve the reliability of diagnostic tools (Ryu, et al., 2018). Besides, the method of SSD measurement was used to interpret the results to minimize the effect of inherent knee laxity and female hormones on the measurements of female subjects, which showed better consistency than absolute single-knee translation measurement (Rohman and Macalena, 2016).
Several limitations of the present study should be mentioned. First, we evaluated the validity of the Ligs Digital Arthrometer in complete ACL ruptures by only using the SSD values at specific loads, without further attempts to use the differential laxity of a force-displacement curve. Second, due to the small sample size of patients with partial ACL ruptures, no independent statistical analysis could be conducted to evaluate the validity of the Ligs Digital Arthrometer for diagnosing partial ACL ruptures. Moreover, further studies are needed to determine the reliability of the Ligs Digital Arthrometer in patients with ACL ruptures.
5 CONCLUSION
The Ligs Digital Arthrometer proved to be of high diagnostic value in complete ACL ruptures at 90 N, 120 N, and 150 N loads. The diagnostic value improved with increasing load in a certain range. Based on the results of this study, as a portable, digital and versatile new arthrometer, the Ligs Digital Arthrometer was a valid and promising tool for diagnosing complete ACL ruptures.
DATA AVAILABILITY STATEMENT
The raw data supporting the conclusion of this article will be made available by the authors, without undue reservation.
ETHICS STATEMENT
The studies involving human participants were reviewed and approved by the Biomedical Ethics Committee of West China Hospital, Sichuan University. The patients/participants provided their written informed consent to participate in this study.
AUTHOR CONTRIBUTIONS
JL and WF contributed to the conception and design of this study. QD and JT contributed to the data collection. LY performed the statistical analysis. YX and JL supervised the progress of the study. JL wrote the first draft of the manuscript. JT contributed to the manuscript review and revising. All authors have read and approved the submitted version.
FUNDING
This study received the funding from 1.3.5 Project for Disciplines of Excellence, West China Hospital, Sichuan University (ZYGD21005).
ACKNOWLEDGMENTS
We would like to thank all participants in the study.
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
 Balasch, H., Schiller, M., Friebel, H., and Hoffmann, F. (1999). Evaluation of anterior knee joint instability with the Rolimeter. Knee Surg. Sport. Tr. A 7 (4), 204–208. doi:10.1007/s001670050149
 Beldame, J., Mouchel, S., Bertiaux, S., Adam, J. M., Mouilhade, F., Roussignol, X., et al. (2012). Anterior knee laxity measurement: Comparison of passive stress radiographs telos® and “lerat”, and gnrb® arthrometer. Orthop. Traumatol-Sur. 98 (7), 744–750. doi:10.1016/j.otsr.2012.05.017
 Bouguennec, N., Odri, G., Graveleau, N., and Colombet, P. (2015). Comparative reproducibility of telos™ and gnrb® for instrumental measurement of anterior tibial translation in normal knees. Orthop. Traumatol-Sur. 101 (3), 301–305. doi:10.1016/j.otsr.2015.01.007
 Chen, Y., Cao, S., Wang, C., Ma, X., and Wang, X. (2022). Quantitative analysis with load–displacement ratio measured via digital arthrometer in the diagnostic evaluation of chronic ankle instability: A cross-sectional study. J. Orthop. Surg. Res. 17 (1), 287. doi:10.1186/s13018-022-03177-3
 Ganko, A., Engebretsen, L., and Ozer, H. (2000). The rolimeter: A new arthrometer compared with the kt-1000. Knee Surg. Knee Surg. Sport. Tr. A 8 (1), 36–39. doi:10.1007/s001670050008
 Highgenboten, C. L., Jackson, A. W., Jansson, K. A., and Meske, N. B. (1992). Kt-1000 arthrometer: Conscious and unconscious test results using 15, 20, and 30 pounds of force. Am. J. Sport. Med. 20 (4), 450–454. doi:10.1177/036354659202000415
 Jorn, L. P., Fridén, T., Ryd, L., and Lindstrand, A. (1998). Simultaneous measurements of sagittal knee laxity with an external device and radiostereometric analysis. J. Bone Jt. Surg. Br. 80 (1), 169–172. doi:10.1302/0301-620x.80b1.0800169
 Kaeding, C. C., Léger-St-Jean, B., and Magnussen, R. A. (2017). Epidemiology and diagnosis of anterior cruciate ligament injuries. Clin. Sport. Med. 36 (1), 1–8. doi:10.1016/j.csm.2016.08.001
 Kakavas, G., Malliaropoulos, N., Bikos, G., Pruna, R., Valle, X., Tsaklis, P., et al. (2021). Periodization in anterior cruciate ligament rehabilitation: A novel framework. Med. Prin. Pract. 30 (2), 101–108. doi:10.1159/000511228
 Klouche, S., Lefevre, N., Cascua, S., Herman, S., Gerometta, A., and Bohu, Y. (2015). Diagnostic value of the gnrb® in relation to pressure load for complete acl tears: A prospective case-control study of 118 subjects. Orthop. Traumatol-Sur. 101 (3), 297–300. doi:10.1016/j.otsr.2015.01.008
 Koch, J. E., Ben-Elyahu, R., Khateeb, B., Ringart, M., Nyska, M., Ohana, N., et al. (2021). Accuracy measures of 1.5-tesla mri for the diagnosis of acl, meniscus and articular knee cartilage damage and characteristics of false negative lesions: A level iii prognostic study. BMC Musculoskel. Dis. 22 (1), 124. doi:10.1186/s12891-021-04011-3
 Lee, H-J., Park, Y.-B., and Kim, S. H. (2019). Diagnostic value of stress radiography and arthrometer measurement for anterior instability in anterior cruciate ligament injured knees at different knee flexion position. Arthroscopy 35 (6), 1721–1732. doi:10.1016/j.arthro.2019.01.046
 Lefevre, N., Bohu, Y., Naouri, J., Klouche, S., and Herman, S. (2014). Validity of gnrb® arthrometer compared to telos™ in the assessment of partial anterior cruciate ligament tears. Knee Surg. Sport. Tr. A 22 (2), 285–290. doi:10.1007/s00167-013-2384-4
 Mouton, C., Theisen, D., Meyer, T., Agostinis, H., Nührenbörger, C., Pape, D., et al. (2015). Combined anterior and rotational knee laxity measurements improve the diagnosis of anterior cruciate ligament injuries. Knee Surg. Sport. Tr. A 23 (10), 2859–2867. doi:10.1007/s00167-015-3757-7
 Mouton, C., Theisen, D., and Seil, R. (2016). Objective measurements of static anterior and rotational knee laxity. Curr. Rev. Musculoske. 9 (2), 139–147. doi:10.1007/s12178-016-9332-0
 Musahl, V., and Karlsson, J. (2019). Anterior cruciate ligament tear. New Engl. J. Med. 380 (24), 2341–2348. doi:10.1056/NEJMcp1805931
 Panisset, J., Ntagiopoulos, P., Saggin, P., and Dejour, D. (2012). A comparison of telos™ stress radiography versus rolimeter™ in the diagnosis of different patterns of anterior cruciate ligament tears. Orthop. Traumatol-Sur 98 (7), 751–758. doi:10.1016/j.otsr.2012.07.003
 Papandreou, M. G., Antonogiannakis, E., Karabalis, C., and Karliaftis, K. (2005). Inter-rater reliability of rolimeter measurements between anterior cruciate ligament injured and normal contra lateral knees. Knee Surg. Sport. Tr. A 13 (7), 592–597. doi:10.1007/s00167-004-0597-2
 Pässler, H., Ververidis, A., and Monauni, F. (1998). Beweglichkeitswertung an knien mit vkb-schaden mit hilfe des kt 1000 und aircast rolimeter. Hefte zur Z. Unfallchirurg 272, 731–732. 
 Robert, H., Nouveau, S., Gageot, S., and Gagniere, B. (2009). A new knee arthrometer, the gnrb®: Experience in acl complete and partial tears. Orthop. Traumatol-Sur 95 (3), 171–176. doi:10.1016/j.otsr.2009.03.009
 Rohman, E. M., and Macalena, J. A. (2016). Anterior cruciate ligament assessment using arthrometry and stress imaging. Curr. Rev. Musculoske. 9 (2), 130–138. doi:10.1007/s12178-016-9331-1
 Ryu, S. M., Na, H. D., and Shon, O. J. (2018). Diagnostic tools for acute anterior cruciate ligament injury: Gnrb, lachman test, and telos. Knee Surg. Relat. Res. 30 (2), 121–127. doi:10.5792/ksrr.17.014
 Saravia, A., Cabrera, S., Molina, C. R., Pacheco, L., and Muñoz, G. (2020). Validity of the genourob arthrometer in the evaluation of total thickness tears of anterior cruciate ligament. J. Orthop. 22, 203–206. doi:10.1016/j.jor.2020.03.041
 Shantanu, K., Singh, S., Srivastava, S., and Saroj, A. K. (2021). The validation of clinical examination and mri as a diagnostic tool for cruciate ligaments and meniscus injuries of the knee against diagnostic arthroscopy. Cureus 13 (6), e15727. doi:10.7759/cureus.15727
 Van Eck, C. F., Loopik, M., Van den Bekerom, M. P., Fu, F. H., and Kerkhoffs, G. M. (2013). Methods to diagnose acute anterior cruciate ligament rupture: A meta-analysis of instrumented knee laxity tests. Knee Surg. Sport. Tr. A 21 (9), 1989–1997. doi:10.1007/s00167-012-2246-5
 Zhou, L., Xu, Y., Zhang, J., Guo, L., Zhou, T., Wang, S., et al. (2022). Multiplanar knee kinematics-based test battery helpfully guide return-to-sports decision-making after anterior cruciate ligament reconstruction. Front. Bioeng. Biotechnol. 10, 974724. doi:10.3389/fbioe.2022.974724
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 © 2023 Li, Tang, Yao, Fu, Deng, Xiong and Li. 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-11-1049100-g005.gif





OPS/images/fbioe-11-1049100-t001.jpg
Variables Experimental group

(n=132)

Control group

(n=114)

Sex ratio, male/female 92/40

Age,y 3052+ 494
Height, em 17145 £ 624
Weight, kg 68.78 £ 8.62
Body mass index, kg/m? 2339+ 275

DR et T v i Shvaar s nber ol eilseche:

3165 £ 501

17034 £ 6.16

67.54 + 1137

2317 £ 3.03

0946

0076

0162

0332

0550





OPS/images/fbioe-11-1049100-g003.gif
» \
m Disp +26. 9mm

Disp/mn D-value/mm






OPS/images/fbioe-11-1049100-g004.gif





OPS/images/fbioe-11-1049100-t002.jpg
Variables 30N 60N 90 20N

SSD threshold, mm 11 13 16 19

Youden’s index 036 057 [ 074 076 077

» Se 66.7% 742% 79.5% 84.1% 85.6%
Sp [ 69.3% 825% [ 94.7% 92.1% 91.2%

PPV 068 078 093 093 0.92

NPV 0.64 072 0381 083 0.85

LR+ 217 | 424 15.00 10.65 1 9.73

LR- [ 048 [ 031 [ 022 [ 017 0.16






OPS/images/fbioe-11-1049100-t003.jpg
Si

y

Van Eck et al. (2013) (meta-analysis)

Van Eck et al. (2013) (meta-analysis)
Van Eck et al. (2013) (meta-analysis)
Panisset et al. (2012)

Ganko et al. (2000)

Pissler et al. (1998)

Robert et al. (2009)

Klouche et al. (2015)

Saravia et al. (2020)

Beldame et al. (2012)

Lefevre et al. (2014)

Mouton et al. (2016)

Arthrometer

KT-1000

Genucom

Stryker

Rolimeter
Rolimeter
Rolimeter

GNRB

GNRB

GNRB

GNRB

GNRB

GNRB

Complete

Complete
Complete
ACL deficiency
ACL deficiency
Complete
Partial

Complete

Complete

Complete

Partial

All types

ad Se Sp Threshold
69N 54% N/A N/A
89N 78% 92% N/A
Maximum manual force 93% 93% N/A
Maximum manual force 74% 82% N/A
Maximum manual force 82% 90% N/A
Maximum manual force | 67.5% | 843% 50 mm
Maximum manual force 89% 95% 3.0 mm
Maximum manual force 93% 87% N/A
134N 70% 99% 3.0 mm
134N 80% 87% 15 mm
89N 922% | 889% 10 mm
134N 922% | 963% 15 mm
200N 922% | 981% 19 mm
250N 906% | 981% 21 mm
134N 907% | 403% 3.0 mm
744% | 938% 68 mm
£ 486% | 931% 15 mm
134N 594% | 93.1%
150 N 504% | 914%
250N 622% | 759%
134N 832% | 643% 20 mm
250N 84% 81% 25 mm
200N 75% 95% 12 mm

ACL: st coiiciite lipsment: S6; samtivite: Soi spciicily: J0UK; tot avaaabis:





OPS/xhtml/nav.xhtml
Contents

		Cover

		The validity of the Ligs digital arthrometer at different loads to evaluate complete ACL ruptures		1 Introduction

		2 Materials and methods		2.1 Inclusion and exclusion criteria

		2.2 Measurement of anterior knee laxity

		2.3 Data collection

		2.4 Statistical analysis





		3 Results

		4 Discussion

		5 Conclusion

		Data availability statement

		Ethics statement

		Author contributions

		Funding

		Acknowledgments

		Publisher’s note

		References









OPS/images/cover.jpg
& frontiers | Frontiers in Bioengineering and Biotechnology






OPS/images/fbioe-11-1049100-g001.gif





OPS/images/fbioe-11-1049100-g002.gif









OPS/images/crossmark.jpg
©

|





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

Bioengineering and Biotechnology





