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Background: Graft choice is an important step in the pre-operative plan of anterior cruciate ligament reconstruction (ACLR). The four-strand hamstring tendon (4SHT) is the most widely used auto-graft, while the Ligament Advanced Reinforcement System (LARS) is the newest typical biomaterial for ACLR. The physical activity level (PAL) before injury can affect the efficacy and outcomes of ACLR. This study aims to compare the efficacy and functional outcomes between ACLR using LARS and 4SHT in patients different PALs.
Methods: This was a prospective paired case-control study. ACL rupture patients included from 1 January 2017 to 31 December 2019 were subsequently divided into the high and plain PAL groups, according to their baseline PAL before injury. Clinical assessments included: Lachman test, pivot shift test, ligament laxity, Lysholm and International Knee Documentation Committee (IKDC) scores, and rate of returning to sports. The minimum follow-up was 2 years (y).
Results: A total of 58 patients had accomplished the 2 y follow-up (missing rate: 6.5%). In the high PAL group (n = 22), the positive rate of A–P laxity of the LARS subgroup was lower than the 4SHG subgroup (p = 0.138), while the Lysholm score (p = 0.002), IKDC score (p = 0.043), and rate of returning to sports (p = 0.010) of the LARS were higher than the 4SHG at 1 year follow-up; the positive rates of A–P laxity (p = 0.009) and pivot test (p = 0.027) were lower in the LARS than the 4SHG at 2 y follow-up. In the plain PAL group (n = 36), the positive rate of A–P laxity in the LARS subgroup was lower than the 4SHG at 1 year follow-up (p = 0.017); the positive rates of A–P laxity (p = 0.001), Lachman (p = 0.034), and pivot tests (p = 0.034) in the LARS were also lower than the 4SHG at 2 y follow-up, but the IKDC score (p = 0.038) and rate of returning to sports (p = 0.019) in the 4SHG were higher than the LARS.
Conclusion: In patients with high PAL, LARS can acquire better knee stability, sooner functional recovery, and returning to sports than 4SHG, while in patients without high PAL, 4SHG acquires better functional outcomes and a higher rate of returning to sports.
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INTRODUCTION
Anterior cruciate ligament (ACL) injury is a very common disease in sports medicine, and it occurs both in athletes and common people. In order to restore knee function and sports ability, arthroscopic ACL reconstruction (ACLR) is performed in ACL rupture patients in most cases. ACLR always needs careful pre-operative planning, according to the differences in patients’ background, including the career, baseline physical activity level (PAL), age, and returning to sports. The graft choice is a very important step of the operation strategy because the graft quality and characteristics are directly associated with the clinical efficacy and outcome of ACLR (Moghamis et al., 2019).
The present clinically used grafts for ACLR include auto-grafts, artificial grafts, and allogeneic tendon grafts, each one has its unique characteristics and advantages (Yang et al., 2020). Double-bundle four-strand hamstring tendon (4SHT) is the most commonly used auto-grafts for ACLR (Gifstad et al., 2013), and evidence have suggested that it can provide better anterior–posterior (A–P) stability and functional outcomes (Yang et al., 2020). Ligament Advanced Reinforcement System (LARS) is a typical scaffold-type biomaterial for ligament reconstruction, produced by the newest synthetic technique (Jia et al., 2017). The LARS ligament is manufactured by polyethylene terephthalate and consists of two different parts (Parchi et al., 2013): ① the intra-osseous part is made of longitudinal fibers, bound together by a transverse knitted structure; ② the intra-articular part comprises only longitudinal parallel fibers, which are pre-twisted at 90°. The stretching resistance force of LARS is much stronger than an intact ACL. It has been reported that LARS can accelerate the rehabilitation and fasten the early return to sports, attributed by the refined biomaterial quality (Krupa et al., 2016; Bugell et al., 2017).
Until now, there is still controversy about which kind of graft is the best choice for ACLR (Su et al., 2020). We consider that the patient’s baseline physical activity may have impacts on the efficacy and outcomes of ACLR, consequently affecting the result of a graft choice. Although several clinical studies have compared the efficacy of ACLR using 4SHT with using LARS, few has focused on the differences in the patients’ physical exercise background or career, lacking of systematic comparisons performed in the subgroups of different activity levels. We hypothesized that ACLR using 4SHT or LARS may have the different results of efficacy and functional outcomes in patients with different PALs.
MATERIALS AND METHODS
Patient involvement
Patients diagnosed with ACL rupture were included between 1 January 2017 and 31 December 2019, in our department. The inclusion criteria were: ① age: 20–50 years old, BMI≤31; ② acute ACL rupture less than 3 months; ③ single knee; ④ agree to participate in this study after signing the informed consent; ⑤ agree to the arrangement of the subgrouping (graft choice). The exclusion criteria were: ① multi-ligament injury; ② ACL re-rupture; ③ history of lower extremity fracture, ligament rupture, and operations; ④ knee osteoarthritis with the Kellgren–Lawrence grade>2, rheumatoid arthritis, and gouty arthritis; ⑤ nerve system diseases such as Parkinson’s disease.
The protocols and procedures for the protection of human subjects reviewed and approved by the Ethics Committee of Inner Mongolia People’s Hospital.
PAL levels and grouping
In order to evaluate patients’ PAL before the injury (in the past 6 months), they were asked for their weekly physical exercise intensity and duration, and the International Physical Activity Questionnaire (IPAQ) was used to assess the PAL (Ethnic et al., 2009). IPAQ has been used for assessing the pre-operative PAL in the field of surgery (Angenete et al., 2016), it was developed as a common questionnaire to measure multiple domains of physical activity in all countries, including the leisure time, work, transportation, and house-hold tasks (Ethnic et al., 2009), which is particularly important in the developing and transitional countries because where assessment confined to leisure time activity may miss substantial daily physical activity undertaken for the purpose of work or travel (Bull et al., 2004). High PAL includes professional athletes, sports enthusiasts, and common people who meet either of the two criteria of high level from the International Physical Activity Questionnaire (IPAQ) (Ethnic et al., 2009): ① 40 min of vigorous-intensity activity such as jogging, lap swimming, and playing tennis >3 days/week; ② 60 min of moderate-intensity activity such as brisk walking, casual bicycling, and gardening >5 days a week.
This was a prospective paired cohort study. Patients with high PAL were equally divided into the 4HSG and LARS subgroups after matching their sex and age, and patients with plain PAL were also divided into the two subgroups after matching.
Arthroscopic ACLR with different grafts
Routine arthroscopy and anatomic ACLR were performed on all patients by the same senior surgeon, and any meniscal and/or cartilaginous injuries were treated before ACLR.
In the 4SHG subgroup, both the semitendinosus tendon and gracilis tendon were harvested and disconnected, folded into four strands, and sutured to each other. The tibial drill guide was adjusted to a sagittal angle of 55°, and the intra-articular guide tip was placed in the center of the ACL stump, which was preserved as much as possible. The femoral tunnel guide tip was located at the ACL femoral insertion site. The femoral tunnel diameter ranged from 7.5 to 8.0 mm, according to the diameter of the auto-graft. The femoral side was fixed with an Endobutton (Smith & Nephew, Memphis, TN, United States), and the tibial side was fixed with a bio-absorbable (poly-l-lactic acid) interference screw (Biosure HA; Smith & Nephew).
In the LARS (LARS; Surgical Implants and Devices, Arc-sur-Tille, France) subgroup, the intra-articular guiding of ACL tibial and femoral insertion site was the same, and the ACL stump was also preserved as much as possible. Diameters of the tibial and femoral bone tunnel were set at 7.5 or 8.0 mm, which matched with the chosen graft, respectively. If the patients’ weight was over 80 kg, we chose the AC50DB (8.0 mm, 100- gauge fiber), otherwise the AC40DB (7.5 mm, 80-gauge fiber). LARS ligament was introduced into the joint from the tibial tunnel by a guidewire. The tension was adjusted by a full range of motion (ROM) of the knee, and no impingement was found. Both the tibial and femoral fixations were performed with the titanium interference-fit screws (Surgical Implants and Devices; LARS).
Rehabilitation
Both groups underwent the same rehabilitation scheme. The isometric contraction of the quadriceps was started as soon as possible after surgery. A lockable functional brace was used for a whole day in the first 2 weeks, and it was only used during walking for the next 2 weeks. A ROM of 90° could be achieved in the first week, and 120° in 8 weeks. For muscle strength, patients were requested to do the leg-raising exercises with the brace at least 200 times/day, during the first month after surgery. Full weight-bearing (walking without crutches) was allowed at least 1 month after surgery.
Follow-ups
The follow-up was started when ACLR was completed. The end was re-rupture/death/missing, whichever occurred first. The minimum follow-up was 1 year (y), and the maximum was 2 y. General clinical parameters included: the injury time before operation, meniscus tear (yes/no), diameter of the graft, follow-up time, and complications. The clinical assessments of the efficacy and functional outcomes of ACLR included: the physical examination, ligament laxity (KT-2000), and knee ROM, as well as the subjective scoring systems of knee function. Knee X-ray photographs were also performed at 1 and 2 y follow-ups to evaluate the internal fixation location of the reconstructed ACL.
All of the follow-up data were checked and entered into a database by two researchers, and a double-entry is carried out for the quality control.
Clinical assessments
Lachman test and pivot shift test are two physical examinations that can determine ACL rupture, which can be used to determine the stability recovery after ACLR (Yang et al., 2020). Lachman test was used to assess the A–P joint stability, and pivot shift test was used to assess the rotational stability (Cui et al., 2022). Lachman test was classified as: hard end-point (-), doubtable laxity (±), and soft end-point (+). Pivot shift was classified as (Bull et al., 2004): normal (-), glide (±), and clunk or gross (+).
Ligament laxity was measured by: the forward shift is tested when the knee is flexed at 30°. A–P laxity is evaluated by comparing to the healthy side, and it is classified as (Ranger et al., 2011): normal, grade 1 (difference between 1 and 5 mm), grade 2 (between 5 and 10 mm), and grade 3 (>10 mm).
The knee flexion contracture (KFC) angle was assessed by passive physical examination of ROM. KFC is defined as the gap value of extension loss compared to the normal side, and more than 5° was considered as KFC, according to the Knee Society Score (KSS) system (Insall et al., 1989; Yi et al., 2020). KFC degree is classified as normal (<5°), grade 1 (mild, KFC between 5° and 15°), grade 2 (moderate, between 15° and 30°), and grade 3 (severe, KFC >30°) (Insall et al., 1989; Yi et al., 2020).
Subjective assessments of knee function
To evaluate the functional outcomes of living quality and motor function, the Lysholm knee scoring scale (Wang et al., 2016) and International Knee Documentation Committee (IKDC) score (Fu and Chan, 2011) were accessed by self-questionnaires at follow-ups. The rate of returning to sports was used to evaluate the outcome of physical activity.
Clinical failure
At 2 y follow-up, cases who met any of the following results were regarded as clinical failure (Su et al., 2020): ① an overall IKDC score of C (60–70 score) or D (<60–70 score); ② Lachman test (+); ③ pivot shift test (+); ④ A–P laxity of grade 2 or 3; ⑤ KFC; and ⑥ re-rupture. The clinical failure rates were calculated.
Statistical analysis
Continuous data were expressed as mean ± SD, and comparisons of the continuous data were processed by the independent samples t-tests and Levene variance homogeneity tests between subgroups. Count data were expressed as number (n) and rate (/), and comparisons of the count data were processed by the Chi-square test or Fisher’s exact test. The level of significance was set at 0.05. All of the statistical analyses were performed using SPSS 20.0 (SPSS Inc, 2009; Chicago, IL, United States).
RESULTS
Basic characteristics
Finally, 58 patients had accomplished the 2 y follow-up. The high PAL group (n = 22) consisted of 11 professional athletes, six college students, two military soldiers, one manual worker, and two sports teachers/coaches. The plain PAL group (n = 36) consisted of 23 office workers, seven college students, three high school students, and three freelancers/housewives. The patients of the two groups were divided equally into the 4SHG and LARS subgroups after matching their sex and age. Most of the patients were injured by sports (n = 52): 35 subjects suffered a sprain of the knee when doing competitive sports, 17 sprained the knee by themselves when skiing or skating; four slipped and sprained the knee by themselves during farming, and two were caused by motor vehicle accident (n = 6). The basic characteristics, as well as baseline medical characteristics of the 4SHG and LARS subgroups, did not have significance in the two groups (Table 1).
TABLE 1 | Basic characteristics of the 4SHG and LARS subgroups in patients with different PALs.
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At the beginning of this study, there were 62 patients included in this study, and the initial sample size of the high PAL group and plain PAL group were 22 and 40, respectively. The patients of the two groups were divided equally into the 4SHG and LARS subgroups after matching their sex and age. One patient of the plain PAL group (4SHG subgroup) was missing at the 1 year follow-up, and another three patients of the plain PAL group (1 in 4SHG subgroup, two in LARS subgroup) were missing at the 2 y follow-up. The four missing patients cannot be contacted through phone call/e-mail or declaimed that he/she cannot participate anymore. The total missing rate was 6.5% (4/62). Those missing subjects were excluded from the database, in order to control the bias.
Comparisons of 4SHG and LARS in patients with high PAL
In the high PAL group, the positive rates of Lachman and pivot shift test, as well as KFC did not have significance between the 4SHG subgroup and LARS subgroup at 1 year follow-up. However, the positive rate of A–P shift in the 4SHG subgroup was higher than in the LARS subgroup, and the Lysholm score, IKDC score, as well as the rate of returning to sports in the 4SHG subgroup was lower than the LARS subgroup at 1 year follow-up (Table 2). At 2 y follow-up, the positive rates of Lachman and KFC still did not have significance between the subgroups, but the positive rates of pivot shift and A–P shift in the 4SHG subgroup were higher than those in the LARS subgroup; however, the Lysholm score, IKDC score, and rate of returning to sports did not show a significant difference between the two subgroups (Table 2). At 2 y follow-up, only three clinical failure cases with the A–P laxity of grade 2 were found in the 4SHG subgroup; however, the failure rate did not show a significant difference between subgroups (Table 2).
TABLE 2 | Comparisons of efficacy, safety, and functional outcomes between the 4SHG and LARS subgroups in high PAL patients.
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At 1 year follow-up, the positive rates of Lachman test, pivot shift and KFC, and the Lysholm and IKDC scores, as well as the rate of returning to sports did not have significance between the 4SHG subgroup and LARS subgroup in patients without high PAL (Table 3). The positive rate of A–P shift in the 4SHG subgroup was lower than that in the LARS subgroup at 1 year follow-up (Table 3). At 2 y follow-up, the positive rates of Lachman, pivot shift, and A–P shift in the 4SHG subgroup were higher than those in the LARS subgroup; however, the rate of returning to sports and IKDC score in the LARS subgroup were lower than that in the 4SHG subgroup (Table 3). The KFC rate and Lysholm score did not have a significant difference between the two subgroups at 2 y follow-up (Table 3). At 2 y follow-up, there were four clinical failure cases with the A–P laxity of grade 2 in the 4SHG subgroup, and one clinical failure case with KFC in the LARS subgroup, and the failure rate did not show a significant difference between subgroups (Table 3).
TABLE 3 | Comparisons of efficacy, safety, and functional outcomes between the 4SHG and LARS subgroups in plain PAL patients.
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Recently, 4SHT and LARS have become the most commonly used auto-graft and biomaterial artificial graft for ACLR (Gifstad et al., 2013; Yang et al., 2020) (Liu et al., 2010; Su et al., 2020), respectively. Because of their different origins, 4SHT and LARS have unique characteristics and advantages (Yang et al., 2020), which was why we considered that 4SHT and LARS may have different application populations. ACL often occurs in athletes, or in common people who are doing improper exercise or fitness. The patient’s baseline PAL in pre-injury is one of the most powerful factors affecting the efficacy and outcomes of ACLR. It has been well known that athletes/sports enthusiasts who had high PAL can obtain distinct results of efficacy and outcomes, compared to the common people without high PAL. In this article, we systematically compared the ACLR using 4SHT with using LARS in two different patients with or without high PAL. The results showed that the efficacy and functional outcomes of 4SHT and LARS were not consistent in patients with different PALs, which verified the previous hypothesis.
LARS resulted in better efficacy and outcomes in high PAL patients
In high PAL patients, ACLR with LARS can obtain better knee stability, sooner functional recovery and returning to sports than the 4SHG subgroup. The results found that the A–P stability of LARS was higher than that of 4SHG at 1 year follow-up, and the A–P stability and rotation stability were found at 2 y follow-up. LARS is a newly developed artificial ligament, unlike the earlier synthetic ligaments, it consists of two distinct segments (Parchi et al., 2013): ① the intra-osseous part, which is made of longitudinal fibers, bound together by a transverse knitted structure; ② the intra-articular part, which comprises only longitudinal parallel fibers (free fibers), pre-twisted at 90°. The architecture of LARS allows it to mimic the natural ACL and produce sufficient joint stability in short-term. Three reasons may contribute to the superior joint stability of LARS, which was found at the short-term follow-up (1 year). First, LARS is much stronger than the natural ACL or 4SHG auto-graft due to its biomechanical properties, the ultimate tensile strength of 7.5 and 8.0 mm LARS is 3,600 and 4,600 N, respectively (Bourlos et al., 2016). Second, the orientation of intra-articular free fibers helps to reduce the shearing forces. Literally, LARS can produce sufficient joint stability immediately after ACLR, correcting the dislocation as soon as possible (Ye et al., 2013). Third, LARS also works as a scaffold, which induced the fibroblastic ingrowth between the fibers (Yuanliang et al., 2020). Hence, the ACL stumps were preserved as much as we can to encourage the fibro-vascular ingrowth. In vivo study found that the fibroblastic ingrowth begins immediately after ACLR, which can form a sheath wrapping the intra-articular segment at 1 month post-operatively, afterward the re-growth of LARS was found at 6 months post-operatively, which presented as a completely covered ligament with regenerated collagen, synovial tissue, and vascular network, similar to the normal ACL (Yu et al., 2014). Hence, the re-growth time of LARS is shorter than that of the 4SHG auto-graft, and the latter usually costs 1 year for the vascular formation. Moreover, the ingrowth of soft tissue between the LARS fibers acts as a viscoelastic element, protecting the reconstructed ligament against the friction in bone tunnel (Vaquette et al., 2013). Those aforementioned mechanisms can explain the phenomenon of why a better joint stability can be found in the LARS subgroup at 1 year post-operatively.
The results also showed that the Lysholm score, IKDC score, and the rate of returning to sports in the LARS subgroup were higher than the 4SHG at 1 year follow-up; however, those parameters were comparable between two subgroups at 2 y follow-up. It indicated that although LARS and 4SHG resulted in similar functional outcomes eventually, ACLR using LARS can obtain a sooner recovery of knee function and returning to sports than 4SHG. It has been reported that LARS may acquire earlier symptom relief and function restoration than hamstring auto-grafts (Chen et al., 2017), and Newman et al. (2013) pointed out that the medium-term outcomes of LARS and auto-graft were comparable. The sooner recovery of LARS can be attributed by its superior efficacy of knee stability in the short-term post-operatively. As ACL is the first stabilizer of knee, ACLR using LARS results in better functional recovery in short-term. It has been reported that LARS can accelerate the rehabilitation and fasten the early return to sports, which is attributed by the refined biomaterial quality (Krupa et al., 2016; Bugell et al., 2017). Hence, LARS is very suitable for patients with high PAL, such as athletes and sports enthusiasts, who required a sooner recovery and returning to sports. LARS ligaments have been approved by CFDA since 2004 and been used for ACL reconstruction over 30,000 cases in China (Chen et al., 2019). Due to the early return to sports and impressive clinical effects, LARS has gradually become the most widely accepted biomaterial for athlete patients in China (Krupa et al., 2016; Bugell et al., 2017).
4SHG resulted in better functional outcomes in common patients
The results in the plain PAL patients were not consistent with the high PAL patients. The present results found that the 4SHG subgroup resulted in a higher IKDC score, as well as a higher rate of returning to sports at 2 y follow-up, comparing to the LARS. It indicated that ACLR using 4SHG could be more suitable than the LARS for common people. 4SHG consists of the auto semitendinosus tendon and gracilis tendon, and this double-bundle four-strand auto-graft can reconstruct the anteromedial and posterolateral bundle of ACL, respectively (Eck et al., 2010; Jon, 2011). Thus, 4SHG can restore the anatomical structure of natural ACL as much as possible, with fewer complications (Xie et al., 2015). LARS may not be suitable for common people. A long-term follow-up study has reported that the unsatisfied patients were over 40% after ACLR with LARS, and 27.8% of patients sustained a re-rupture, with an averaged IKDC of 76.60 ± 18.18 (Tiefenböck et al., 2015). A meta-analysis of long-term (>2 years) follow-ups also showed that the rank of Lysholm score and IKDC score in 4SHG were higher than artificial grafts including LARS, and the authors concluded that 4SHG may be a better choice for the patients who underwent ACLR (Yang et al., 2020); however, this meta-analysis did not perform the comparisons in different populations, many included study did not present the baseline PAL data, only several studies declaimed that they had included the athletes/recreational players.
In the present study, the only complication was KFC, and other complications such as infection, fever, re-rupture, or hemarthrosis were not found during follow-ups. In the LARS subgroup of plain PAL patients, two KFC cases were found at 1 y follow-up, and one case’s KFC symptom still existed at 2 y follow-up. We considered the reversible KFC case may be caused by synovitis, and the other case may be caused by a foreign body reaction. It has been reported that ACL can cause a rare foreign body reaction with granuloma (Henry et al., 2018), which blocks knee flexion by passive physical examination, causing the KFC.
Our results found that although the LARS subgroup had a higher joint stability than the 4SHG, the former resulted in a lower IKDC score and a lower rate of returning to sports at the medium-term follow-up, eventually. However, this inconsistency between knee stability and function did not happen in the high PAL patients. The differences in the patients’ baseline PAL and proprioceptive sensation may be one of the main reasons. It has been known that the proprioceptive sensation and static postural control are impaired after the injury and operation (Relph and Herrington, 2016; Kim et al., 2017) because the loss of mechanical receptors can decrease the neuromuscular control of knee stability. Patients with high PAL, such as athletes/sports enthusiasts, are prone to have a highly developed neuromuscular system and proprioceptive sensation system, which contributes to the sooner functional recovery and returning to sports after ACLR with LARS. On the contrary, in patients without high PAL, the neuromuscular system and proprioceptive sensation are very weak to adapt to the artificial ligament (LARS) during the post-operative recovery period, which leads to worse functional outcomes. It has been concluded that the non-suitable patients’ selection was one of the main failure reasons of LARS in ACLR (Chen et al., 2019). The present results suggest that the pre-injury PAL may be an indicator for the patients’ selection for ACLR using LARS.
Limitations
Our study still has several limitations. First, the sample size of each subgroup was small. Literally, more potential affecting factors like lifestyle, job, and family commitments also needed to be matched. However, the sample size of this prospective study was no sufficient to do those matching, and we can only choose to match the main factors (sex and age) in order to control the bias. Second, the follow-up has lasted 2 y, which only presents the medium-term outcomes. Third, the present study cannot avoid the recall bias generated from self-reported IPAQ of pre-injury. Furthermore, multi-center longitudinal studies with more samples and long-term follow-ups are required to compare and determine the long-term functional outcomes of LARS and auto-grafts in patients with different PALs.
CONCLUSION
The efficacy and functional outcomes of ACLR using LARS and 4SHG were not consistent in patients with different pre-injury PALs. In patients with high PAL, LARS can obtain better knee stability, sooner functional recovery and returning to sports than 4SHG, while in patients without high PAL, 4SHG acquires better functional outcomes and higher rate of returning to sports.
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 Angenete, E., Angerås, S. U., Börjesson, M., Ekelund, J., Gellerstedt, M., Thorsteinsdottir, T., et al. (2016). Physical activity before radical prostatectomy reduces sick leave after surgery - results froma prospective, non-randomized controlled clinical trial (LAPPRO). BMC Urol. 16 (1), 50. doi:10.1186/s12894-016-0168-0
 Bourlos, D. N., Mastrokalos, D. S., Chronopoulos, E., and Babis, G. C. (2016). LARS artificial ligament versus ABC purely polyester ligament for anterior cruciate ligament reconstruction. Orthop. J. Sports Med. 4 (6), 232596711665335. doi:10.1177/2325967116653359(2016-6-15)
 Bugell, G., Dell’Osso, G., and Ascione, F. (2018). LARS in ACL reconstruction: Evaluation of 60 cases with 5-year minimum follow-up. Musculoskeletal Surgery 102 (1), 57–62. doi:10.1007/s12306-017-0499-3
 Bull, F., Armstrong, T., and Dixon, T. (2004). Comparative quantification of health risks global and regional burden of disease attributable to selected major risk factors. Physical inactivity. Geneva: World Health Organization, 729–881. 
 Chen, S., Chen, T., and Wan, F. (2019). The experience of ACL reconstruction with synthetics ligament: Where are we now?Orthop. J. Sports Med. 7 (11), 2325967119S0045. doi:10.1177/2325967119s00455
 Chen, T., Zhang, P., Chen, J., Hua, Y., and Chen, S. (2017). Long-term outcomes of anterior cruciate ligament reconstruction using either synthetics with remnant preservation or hamstring autografts: A 10-year longitudinal study. Am. J. Sports Med. 45, 2739–2750. doi:10.1177/0363546517721692
 Cui, S., Yi, H., Zhu, X., Fan, J., Ding, Y., and Liu, W. (2022). The efficacy and outcome of a two-staged operation for irreducible knee dislocation: A prospective short-term follow-up. Front. Bioeng. Biotechnol. 10, 861788. doi:10.3389/fbioe.2022.861788
 Eck, C., Lesniak, B. P., Schreiber, V. M., and Fu, F. H. (2010). Anatomic single- and double-bundle anterior cruciate ligament reconstruction flowchart. Arthrosc. J. Arthrosc. Relat. Surg. 26 (2), 258–268. doi:10.1016/j.arthro.2009.07.027
 Ethnic, C., Dutch, B., and Singh, A. S. (2009). International journal of behavioral nutrition and physical activity BioMed central correction. Switzerland: Springer. 
 Fu, S. N., and Chan, Y. H. (2011). Translation and validation of Chinese version of international knee documentation committee subjective knee form. Disabil. Rehabil. 33 (13-14), 1186–1189. doi:10.3109/09638288.2010.524274
 Gifstad, T., Sole, A., Strand, T., Uppheim, G., Grontvedt, T., and Drogset, J. O. (2013). Long-term follow-up of patellar tendon grafts or hamstring tendon grafts in endoscopic ACL reconstructions. Knee Surg. Sports Traumatol. Arthrosc. 21 (3), 576–583. doi:10.1007/s00167-012-1947-0
 Henry, J., Konarski, A. J., Joseph, L., and Pillai, A. (2018). Foreign body reaction with granuloma following Achilles tendon reconstruction with the LARS ligament. J. Surg. Case Rep. 2018 (1), rjx258. doi:10.1093/jscr/rjx258
 Insall, J., Dorr, L. D., Scott, R. D., and Norman, W. (1989). Rationale of the Knee Society clinical rating system. Clin. Orthop. Relat. Res. 11 (248), 13–14. doi:10.1097/00003086-198911000-00004
 Jia, Z., Xue, C., Wang, W., Liu, T., Huang, X., and Xu, W. (2017). Clinical outcomes of anterior cruciate ligament reconstruction using LARS artificial graft with an at least 7-year follow-up. Medicine 96 (14), e6568. doi:10.1097/md.0000000000006568
 Jon, K. (2011). James. Anatomic single- and double-bundle anterior cruciate ligament reconstruction, Part 2. Am. J. Sports Med. 39 (9), 1789.
 Kim, H. J., Lee, J. H., and Lee, D. H. (2017). Proprioception in patients with anterior cruciate ligament tears: A meta-analysis comparing injured and uninjured limbs. Am. J. Sports Med. 45 (12), 2916–2922. doi:10.1177/0363546516682231
 Krupa, S., Królikowska, A., and Reichert, P. (2016). Postoperative knee joint stability following anterior cruciate ligament reconstruction using the ligament advanced reinforcement system. Polim. Med. 46 (2), 155–161. doi:10.17219/pim/68646
 Liu, Z. T., Zhang, X. L., Jiang, Y., and Zeng, B. F. (2010). Four-strand hamstring tendon autograft versus LARS artificial ligament for anterior cruciate ligament reconstruction. Int. Orthop. 34 (1), 45–49. doi:10.1007/s00264-009-0768-3
 Moghamis, I., Abuodeh, Y., Darwiche, A., Ibrahim, T., Al Ateeq Al Dosari, M., and Ahmed, G. (2019). Anthropometric correlation with hamstring graft size in anterior cruciate ligament reconstruction among males. Int. Orthop. 44 (3), 577–584. doi:10.1007/s00264-019-04452-5
 Newman, S., Atkinson, H., and Willis-Owen, C. A. (2013). Anterior cruciate ligament reconstruction with the ligament augmentation and reconstruction system: A systematic review. Int. Orthop. 37 (2), 321–326. doi:10.1007/s00264-012-1654-y
 Parchi, P. D., Gianluca, C., Dolfi, L., Baluganti, A., Nicola, P., Chiellini, F., et al. (2013). Anterior cruciate ligament reconstruction with LARS artificial ligament results at a mean follow-up of eightyears. Int. Orthop. 37 (8), 1567–1574. doi:10.1007/s00264-013-1917-2
 Ranger, P., Renaud, A., Phan, P., Dahan, P., De Oliveira, E., and Delisle, J. (2011). Evaluation of reconstructive surgery using artificial ligaments in 71 acute knee dislocations. Int. Orthop. 35 (10), 1477–1482. doi:10.1007/s00264-010-1154-x
 Relph, N., and Herrington, L. (2016). The effect of conservatively treated acl injury on knee joint position sense. Int. J. Sports Phys. Ther. 11 (4), 536–543.
 Su, M., Jia, X., Zhang, Z., Jin, Z., Li, Y., Dong, Q., et al. (2020). Medium-term (least 5 Years) comparative outcomes in anterior cruciate ligament reconstruction using 4SHG, allograft, and LARS ligament. Clin. J. Sport Med. 1, e101–e110. publish ahead of print. doi:10.1097/jsm.0000000000000730
 Tiefenböck, T. M., Thurmaier, E., Schmid, H., Tiefenbock, M., Winnisch, M., Jostl, J., et al. (2015). Clinical and functional outcome after anterior cruciate ligament reconstruction with the LARS™ system with a minimum follow-up of 10 years. Sports Orthop. Traumatology Sport-Orthopadie - Sport-Traumatologie 31 (2), 169. doi:10.1016/j.orthtr.2015.03.024
 Vaquette, C., Viateau, V., Guérard, S., Anagnostou, F., Manassero, M., Castner, D. G., et al. (2013). The effect of polystyrene sodium sulfonate grafting on polyethylene terephthalate artificial ligaments on in vitro mineralisation and in vivo bone tissue integration. Biomaterials 34 (29), 7048–7063. doi:10.1016/j.biomaterials.2013.05.058
 Wang, W., Liu, L., Chang, X., Jia, Z. Y., Zhao, J. Z., and Xu, W. D. (2016). Cross-cultural translation of the Lysholm knee score in Chinese and its validation in patients with anterior cruciate ligament injury. BMC Musculoskelet. Disord. 17 (1), 436. doi:10.1186/s12891-016-1283-5
 Xie, X., Liu, X., Chen, Z., Yu, Y., Peng, S., and Li, Q. (2015). A meta-analysis of bone–patellar tendon–bone autograft versus four-strand hamstring tendon autograft for anterior cruciate ligament reconstruction. Knee 22 (2), 100–110. doi:10.1016/j.knee.2014.11.014
 Yang, W., Huang, X., and Wang, S. (2020). The long-term outcome of different grafts in anterior cruciate ligament reconstruction: A network meta-analysis of randomised controlled trials. J. Orthop. Transl. 26, 16–30. doi:10.1016/j.jot.2020.03.008
 Ye, J. X., Shen, G. S., Zhou, H. B., Xu, W., Xie, Z. G., Dong, Q. R., et al. (2013). Arthroscopic reconstruction of the anterior cruciate ligament with the LARS artificial ligament: Thirty-six to fifty-two months follow-up study. Eur. Rev. Med. Pharmacol. Sci. 17 (11), 1438–1446.
 Yi, D., Baoge, L., Hui, Q., Yin, L., He, W., Si, F., et al. (2020). Can knee flexion contracture affect cervical alignment and neck tension? A prospective self-controlled pilot study. Spine J. 20 (2), 251–260. doi:10.1016/j.spinee.2019.09.008
 Yu, S. B., Yang, R. H., Zuo, Z. N., and Dong, Q. R. (2014). Histological characteristics and ultrastructure of polyethylene terephthalate LARS ligament after the reconstruction of anterior cruciate ligament in rabbits. Int. J. Clin. Exp. Med. 7 (9), 2511–2518.
 Yuanliang, D., Haifeng, D., Zhihui, W., Wu, D., Shi, C., Xiao, T., et al. (2020). A case report of traumatic osteoarthritis associated with LARS artificial ligament use in anterior cruciate ligament reconstruction. BMC Musculoskelet. Disord. 21 (1), 745. doi:10.1186/s12891-020-03764-7
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 © 2022 Ma, Wang and Xu. 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-10-960075-t003.jpg
Parameter

Lachman

Pivot shift

A-P shift

KFC

Lysholm

IKDC

Failure rate

Returning to sport

"

"

Normal
Grade 1
Grade 2
Grade 3
Normal
Grade 1
Grade 2
Grade 3

Yes
No
Yes
No

1y tollow-up (n = 36)

4SHG

76.33 + 458

75.67 + 3.65

2
16

LARS

77.39 £ 479

7822 +3.62

4
14

p-value

¥ =102

p=0310

t=-0.676

p=0504
t=-1842
p=0074

X = 0800
p=0371

2 y tollow-up (n = 36)

4SHG

14
4
0
14
4
0
4

85.56 + 4.15

86.56 + 3.94

14
12

LARS

18
0
0
18
0
0
15
3
0
0
17
1
0
0
8272 + 444

84.00 + 3.09

1
17
5
13

p-value

X = 4500
p=0034"

X = 4500
p=0034"

X' = 14138
p=0001"

1029
p=0310

t=1978
p=0056
t=2165

p=0038"
X = 2090
p=0148
X = 5461
p=0019"

PAL (physical activity level), AP (anterior-posterior), KFC (knee flexion contracture); Lachman test was classified as: hard end-point (-), doubtable laxity (+), soft end-point (+); pivot shift
was classified as: normal (-), glide (+), clunk or gross (+); A~P laxity was performed by KT-2000, at 30° flexion and classified as: normal, grade 1 (1-5 mm), grade 2 (5-10 mm), and grade 3
(>10 mm); KFC is classified as normal (<5°), grade 1 (5™-15"), grade 2 (15™-30°), and grade 3 (KFC >30").

%, p < 0.05.





OPS/xhtml/nav.xhtml
Contents

		Cover

		The efficacy and medium-term outcomes of ligament advanced reinforcement system compared with auto-grafts in anterior cruciate ligament reconstruction: At least 2 years follow-up		Introduction

		Materials and methods		Patient involvement

		PAL levels and grouping

		Arthroscopic ACLR with different grafts

		Rehabilitation

		Follow-ups

		Clinical assessments

		Subjective assessments of knee function

		Clinical failure

		Statistical analysis





		Results		Basic characteristics

		Follow-ups

		Comparisons of 4SHG and LARS in patients with high PAL

		Comparisons of 4SHG and LARS in patients with plain PAL





		Discussion		LARS resulted in better efficacy and outcomes in high PAL patients

		4SHG resulted in better functional outcomes in common patients

		Limitations





		Conclusion

		Data availability statement

		Ethics statement

		Author contributions

		Funding

		Acknowledgments

		Publisher’s note

		References









OPS/images/cover.jpg
, frontiers ‘ Frontiers in Bioengineering and Biotechnology

The efficacy and medium-term
outcomes of ligament advanced
reinforcement system
compared with auto-grafts in
anterior cruciate ligament
reconstruction: At least 2years
follow-up





OPS/images/fbioe-10-960075-t001.jpg
Characteristics

Enrolled subjects (n)
Sex (male/female)

Age (year)

BMI

Time before ACLR (week)

Meniscus injury (with/without)

Graft diameter (mm)

T T

High PAL (n = 22)

4SHG

11
7/4

254%72

2205 + 116

7.86 %023

LARS

i
83

258£65

2283 + 154

2110

7824025

p-value

0210

p=0647
t=-0125
p=0902
t=-1345
p =019
t=0812
p=0426
¥ =0259
p=0611
=043
P = 0666

B ACTR e e Reinient e aasei.

Plain PAL (n = 36)

4SHG

18
1/7

334£89

2421 + 1.86

513

7.86 £0.23

LARS

18
9/9

335+78

24.00 + 1.63

513

7.86 £ 023






OPS/images/fbioe-10-960075-t002.jpg
Parameter 1y follow-up (n = 22) 2y tollow-up (n = 22)
4SHG LARS p-value 4SHG LARS p-value
Lachman - 11 11 - 8 11 X =3474
* 0 0 3 0 p=0062
+ 0 0 0 0
Pivot shift - 9 1 X =2200 7 11 X =4899
+ 2 0 p=0138 4 0 p = 0027
+ 0 0 0 0
A-P laxity Normal 4 10 X =7071 2 9 X = 9455
Grade 1 7 1 P =0008" 6 2 P = 0009
Grade 2 0 0 3 0
Grade 3 0 0 0 0
KFC Normal 11 11 - 1 11 -
Grade 1 0 0 0 0
Grade 2 0 0 0 0
Grade 3 0 0 0 0
Lysholm 76.00 + 4.70 82.64 + 4.12 3513 8727 +5.18 8927 + 452
P =0002"
IKDC 74.18 £ 5.31 79.09 £ 5.36 8191 £ 5.11 8345 £ 3.14
Failure rate Yes - - - 3 0
No 8 n
Returning to sports Yes 3 9 X = 6600 1 1 -
No 8 2 p=0010° 0 0

PAL (physical activity level), A-P (anterior-posterior), KFC (knee flexion contracture); Lachman test was classified as: hard end-point (-), doubtable laxity (&), soft end-point (+); pivot shift
was classified as: normal (-), glide (+), clunk or gross (+); A-P laxity was performed by KT-2000, at 30" flexion and classified as: normal, grade 1 (1-5 mm), grade 2 (5-10 mm), and grade 3
(>10 mm); KFC is classified as normal (<5"), grade 1 (5'-15"), grade 2 (15'-30°), and grade 3 (KFC >30).

¥, p < 0.05.
s, p < 0.01.









OPS/images/crossmark.jpg
©

|





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

Bioengineering and Biotechnology





