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      Abstract


      The Anterior Cruciate Ligament (ACL) rupture constitutes the main injury in modern sport. We have been interested in an arthroscopic reconstruction of the ACL using hamstring tendons. This is a prospective study covering a period of 58 months. Eighty-one patients aged 28.60 ± 8.77 years were included. The objective functional evaluation was performed using the IKDC and Lysholm scales; radiographic evaluation using the Aglietti method and laximetry using the GNRB® arthrometer. The mean follow-up for the evaluation was 12.80 ± 3.27 months.


      The anatomo-clinical results obtained were very satisfactory and allow us to conclude that this is a reliable, low-iatrogenic technique with low morbidity and rapid functional recovery, compatible with the requirements of high-level sports.
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      Introduction


      The knee ligament lesion is a frequent pathology. Among all the possible knee ligament ruptures, the lesion of the Anterior Cruciate Ligament (ACL) is the most common. It results in a chronic anterior laxity of the knee that will inevitably evolve into knee osteoarthritis if it is not taken care of [1].


      The diagnosis is based mainly on clinical examination (Lachman test, anterior drawer test, and pivot shift test) [2]. These tests have very different sensitivities and specificities depending on the experience of the examiner, the patient's body type, and the delay between the accident and examination [3]. Recently, a new arthrometer, the GNRB (Genourob, Laval, France) was developed to alleviate the difficulties of using the KT-1000 with partially trained examiners. The arthrometer is powered and incorporates pressure and movement sensors facilitating more accurate measurements.


      There are many techniques for reconstructing ACL. Arthroscopic reconstruction of the ACL is a common procedure that requires great rigor at each step of the procedure, from installation to closure. Any failure at the end of a step of the intervention may compromise the final result.


      The increasingly precise repair procedures can allow a return to sporting activities of the same level. To achieve this goal, two major stages have marked the research. First, the identification of ACL rupture and its functional repercussions were studied in the 1970's to 1980s.


      Then, therapeutic solutions by surgery appeared efficient and reproducible thanks to the publications of Kenneth Jones [4], Dejour, et al. [5-7]. The choice of the transplant is usually made on several arguments, of which the personal preferences of the surgeon are often at the forefront. The most used transplants to date are the patellar ligament and the hamstring tendons. The use of the Hamstring Tendons (HT) is a preferred method for reconstructing the Anterior Cruciate Ligament.


      The aim of this study was to evaluate prospectively the clinical, radiometric and radiological findings in a series of 81 patients who underwent ligament reconstruction of the Anterior Cruciate Ligament using the hamstring tendons.


      Material and Methods


      This is a prospective study of a continuous series of 81 patients operated after an Anterior Cruciate Ligament rupture by the same technique, by two senior operators from January 1, 2011 to October 31, 2014, i.e. a 58 months period.


      The inclusion criteria were a postoperative follow-up of at least six (6) months. The criteria for non-inclusion were represented by a previously operated knee, bifocal ligament reconstruction, ligament reconstruction of the ACL using a technique other than the semitendinosus-gracilis one.


      The GNRB system is shown in Figure 1. The patient is lying on a standard examination table in the supine position with the arms placed along the body, each knee being comparatively tested; the healthy knees are investigated first. The lower limb is placed in a single thermoformed support, which does not pose any problem for the installation of different sized adult patients or variation in the positioning of the support. An electric actuator increasing loads according to the examiner: 67, 89, 134, 150, or 250 N on the upper aspect of the calf. Testing is repeated on both knees, and the amount of tibial translation is compared between the 2 limbs. Motion data obtained from the displacement transducer produce a force-displacement curve. The slope (lm/N) of the curve obtained determines the ligamentous elasticity of the patient's ACL. All the data are collected on a remote computer. A laxity file is built up for each patient including measurement conditions (pressure applied to the thigh, load forces) and results (the displacement- load curve, the side-to-side difference in mm and the slope in l m/N) (Figure 2).


      
        Figure 1: GNRB Image. View Figure 1

      


      
        Figure 2: GNRB results before surgery.

        Pathologic right Knee (red); healthy left knee (Green); before surgery: Differential de 4.8 mm between two knees. View Figure 2

      


      This series included 81 patients with an average age of 28.60 years [17-60], distributed as follows: 71 (87.65%) men and 10 (12.35%) women. Sixty-one (75.30%) patients had their ACL rupture following a football-type sports accident. Twenty-eight (34.57%) patients were professional athletes. The mean interval between trauma and surgery was 16.74 months. The reconstruction with the semitendinosus-gracilis technique under arthroscopy was exclusive in 53 (65.43%) patients and associated either with a meniscal gesture or a high tibial osteotomy in the other cases. We used exclusively the arthroscopic reconstruction of the ACL by hamstring tendons autograft. The tibial tunnel was performed with an Acufex® director guide set between 45 and 55 degrees. For the femoral tunnel, the drilling is performed from the tibial tunnel with an extension of the knee. The femoral tunnel is drilled 5 to 6 mm from the posterior border of the external condyle, at 11 hours for the right knees and at 13 hours for the left knees. A first blind tunnel with the caliber of the graft is realized and then, in a second time, an auger of 5 mm is used to drill the femoral cortex and to allow the passage of the Endobutton. The femoral fixation is made using an Endobutton® and the tibial one with a resorbable interference screw and a clamp clip. The length of the Endobutton® was chosen according to the length of the femoral tunnel. The remaining part of the anterior cruciate ligament was preserved. After the drilling of the tibial and femoral tunnels, the transplant moved from the tibial tunnel to the femoral tunnel. The absence of conflict of the graft with the roof of the intercondylar notch and with the medial edge of the external condyle is verified in extension of the knee. The isometry of the transplant is tested before the tibial fixation by the evaluation of the swallowing at the passage of the bending from 90° to the extension. We perform repetitive flexion-extension movements to recycle the transplant, avoiding the intrinsic secondary relaxation of the four beams. We then proceed to the placement of the tibial fixation screw, knee bent at 40°. We used a total of 14 (17.30%) fixation by femoral and tibial interference screw and 67 (82.70%) fixation by femoral Endobutton® and tibial interference screw. Rehabilitation was undertaken the next day. All patients were examined at 45 days, 3, 6 and 12 months postoperatively and at their evaluation date. At the results were evaluated by the IKDC score 1999 (International Knee Documentation Committee) and the clinical level, the Lysholm score. Radiological calculation of the positioning of the tunnels was done according to Aglietti's method [8] on a profile incidence of the knee.


      The evaluation of the anterior laxity was done in pre and postoperative in all the patients by arthrometric measurement with GNRB®.


      The data were entered in Excel and the analysis was made with the R version of the software version 3.1.0. The ANOVA (Analysis of Variance) test was used for the comparison of the Lysholm score with respect to the laximetry and the t Student test for the other comparisons. The decision to use the parametric test was based on the Shapiro-Wilk normality test with a coefficient greater than or equal to 0.95. The difference between the values of a parameter whose p value < 0.05 was estimated statistically significant.


      Results


      The mean follow-up of the evaluation was 12.80 ± 3.27 months. Two patients presented complications. The table below summarizes all the complications and their management [9-12] (Table 1).


      
        Table 1: Different complications types and their management. View Table 1

      


      The mean subjective IKDC was 81.73 ± 19.67 [3.44-100]. At the objective level, 64 (79.01%) patients were classified as A, 13 (16.05%) classified as B, 4 (4.94%) classified as C and none classified as D.


      The average LYSHOLM score at the last follow-up was 87.52 ± 12.88% [46-100]. 67.90% of our patients had good or excellent results, 23.46% average results, and 8.64% bad results. The mean differential at GNRB test in preoperative was 5.18 ± 1.68 mm [2.6 and 7.8]. The mean postoperative differential was 2.73 ± 1.10 mm with extremes ranging from 0.7 to 4 mm. The Aglietti index was calculated with an average of 69.07% [55-83%] at the femoral level and 42.57% [33-60%] at the tibial level. The positioning of the tunnels was correct in 85.71% at the femoral level and 78.57% at the tibial level.


      Parametric analysis


      Influence of the delay of surgical management and the appearance of the amyotrophy


      The average delay between trauma and surgery was 22.40 months for the group with amyotrophy versus 12.21 months for the group without amyotrophy and the difference between these two means is statistically significant with t = 2.1221 and p = 0.03919.


      Comparison between GNRB before and GNRB after intervention


      The comparative analysis between these two means is statistically significant with t = 4.7328 and p = 0.001. The following Box plot represents the variation in GNRB results before and after the intervention.


      Influence of laximetry on the IKDC and Lysholm scores


      There is a relationship between the postoperative GNRB differential value and the objective IKDC score. Indeed, the lower this differential, the better the IKDC score; p = 0.01894.


      The mean postoperative GNRB for patients with a good and excellent Lysholm score was 2.33 mm, that for patients with an average score was 2.76 mm and that for patients with a poor score was 4.15 mm. The ANOVA test shows that this difference is significant.


      Discussion


      The study presented is a 58-month prospective study. It covers a relatively large number of subjects and a homogeneous population in terms of surgical gestures and surgeons. This study reported the anatomo-clinical and laximetry results of a consecutive series of 81 patients with anterior cruciate ligament rupture. All cases were treated by the same technique; there was no conversion either on the transplant level or on the approach route.


      The primary endpoint of this study was the analysis of patient's functional scores, using the two questionnaires, IKDC and Lysholm.


      Our results are satisfactory on the subjective IKDC score compared to the data of the literature and whatever the technique (Table 2).


      
        Table 2: Subjective IKDC compared results. View Table 2

      


      Several studies have focused on the objective IKDC score. Our results of the objective IKDC are better than those obtained in a recent study [13], taking 11 randomized studies comparing the techniques with the PT and the hamstring (775 patients): 74% A or B versus 26% C and D. are similar to those of Messerli [14], Plaweski [15], Bedin [11] and El Andaloussi [16]. In a prospective, non-randomized comparative multicenter study, Plaweski, et al. [15] noted that there was no significant difference between IKDC objective A and B between the control group (patellar ligament) and the NAV group (semitendinosus-gracilis by assisted navigation). Charlton, et al. [17] in a retrospective study showed that the results of ligament reconstructions using semitendinosus-gracilis tendons fixed by bioabsorbable interfering screw were comparable to the results of other methods of ligament reconstruction of the anterior cruciate ligament in terms of satisfaction, knee stability and function. This could explain the similar results of different techniques at the IKDC.


      Comparing the ways of fixing the semitendinosus-gracilis, Ma, et al. [18] analyzed in a prospective, nonrandomized clinical study at the two-year setback minimum, femoral fixation by bioresorbable interference screw and by Endobutton. In conclusion, the authors noted that the clinical results, between an anatomical fixation by interference screw and an Endobutton femoral fixation, were similar (results at 24 and 40 months of recoil). Table 3 summarizes all of these data [19,20].


      
        Table 3: Comparative results objective IKDC. View Table 3

      


      At the Lysholm score, Alidrissi [12] scored 86.84% of good and excellent results and El Andaloussi [16] had 86% good and excellent results, 10% average results and 4% poor results. Our results are less conclusive than those of Alidrissi [12] and Andaloussi [16] and this could be explained by our short delay in retreat.


      The correct position of the tunnels is an important anatomical element in the reconstruction of the anterior cruciate but also plays an element of failure, as shown by some studies. H. Robert [21] in the analysis of the anatomic failure factors of 50 surgeries of the anterior cruciate ligament found technical errors in 44 cases including 4 early releases and 40 femoral or tibial or mixed malpositions. These results show a very high proportion of failures related to the location of the tunnels and their fixing (88%); the other causes remaining marginal. Thus, all studies agree on the importance of the correct location of the tunnels. In our series, the positioning of the tunnels was correct in 85.71% at the femoral level and 78.57% at the tibial level. Regarding tunnels, it is their positioning precision that ensures the success of this surgery. According to Aglietti [22], the best results are obtained when the reconstruction is practically anatomical. A tibial tunnel placed too much earlier leads to a conflict between the graft and the intercondylar notch, causing a deficit of extension, anterior pain accompanied by residual effusion, instability, and ultimately ruptures of graft [23]. Similarly, an overly anterior femoral tunnel will be responsible for an increased elongation of the graft during flexion of the knee and will cause its rupture rather rapidly [22,23].


      Our radiographic analysis did not include the analysis of the enlargement of the tibial and femoral tunnels. This absence is justified by the fact that no correlation has been found between the widening of the tunnels and the stability of the knee [11,23,24].


      Differential values injured side/healthy side at 250 N postoperatively showed a difference of 2.73 ± 1.10 mm (0.7-4) which is located in the normal (< 3 mm), which is satisfactory. Alidrissi [12] found an average differential of 1.9 mm. Since GNRB® is the latest arthrometer, few studies have been published compared to KT 1000® and Telos®. The results of the study by M. Collette, et al. [25] demonstrate that the intra-observer reproducibility of GNRB® is good in both experienced and inexperienced operators. Moreover, this tool presents a very low variability of the measurements, whatever the experimental conditions.


      Three patients had an internal tibial valgus osteotomy (Figure 3) at the same operative time with an average IKDC average score of 84.72 and all of these patients were IKDC A or B. The OTV associated with ACL plasty is not a frequent intervention as indicated by Raguet but it protects the plasty in case of large varus and avoids the iterative rupture [26]; in fact, it represents less than 10% of the ACL plasties.


      
        Figure 3: Boxplot GNRB results before and after intervention. View Figure 3

      


      Roussignol [27] noted that the mean subjective IKDC score increased from 52.5 before the intervention to 71.4 after and the IKDC objective score of 0% knees graded A or B to 80%.


      The laxity and instability induced by an ACL lesion are arthrogens. If in addition, there is an unrecoverable meniscal lesion and deformity in the frontal plane, osteoarthritis is inevitable. The OTV, combined with an ACL plasty, aims to avoid or stop this evolution. The results are still good and in the Raguet series as in ours; all the patients have resumed their work.


      The comparative analysis of the differential values healthy side/injured side, at 250 N pre and postoperative, is statically significant. We conclude that this result attests of the good anatomical reconstruction of the ACL in our series (Figures 4 and Figure 5). Also, there is not only a significant relationship between the GNRB® differential value and the objective IKDC score but also between the GNRB® and the Lysholm score. In other words, the better the GNRB® differential value, the better the IKDC and Lysholm scores. In sum, our good differential value to GNRB® justifies our good score at IKDC and Lysholm.


      
        Figure 4: Post surgery GNRB results: Differential 0.8 mm after surgery.

        Right knee operated (Blue); Left knee healthy (Green). View Figure 4

      


      
        Figure 5: Postoperative radiography associated with high tibial osteotomy and ACL reconstruction. View Figure 5

      


      The use of international instruments and standards, the relative effect of our sample (81 patients), and the rigor of the statistical tests used and their results give a certain quality to our analysis.


      Many studies have emphasized the role of anatomic reconstruction in restoring knee stability [28].


      The Over the Top technique has many advantages vs. anatomical techniques: The creation of the femoral tunnel, respecting the ACL native footprint, represents the most challenging aspect of ACL reconstruction; in fact, incorrect positioning of the femoral tunnel accounts for the majority of technical failures following ACL reconstruction [29]. In addition, the Over the Top technique spares the bone stock on the femoral side, which assumes importance in cases of revision surgery involving the femoral tunnel (Figure 6).


      
        Figure 6: Postoperative radiographs showing fixation by femoral interference screw, interference screw and tibia staples. View Figure 6

      


      This technique has been demonstrated to be safe, simple, reproducible, and inexpensive [30,31] requiring only one Endo button femoral and a screw and a tibial clip which is all its use in our countries (Figure 7).


      
        Figure 7: Postoperative radiographs showing femoral Endobutton fixation, resorbable interference screw, and tibial staple. View Figure 7

      


      Verdano, et al. [32] reported comparable clinical outcomes between the OTT (Over the Top) technique and double-bundle ACL reconstruction in a series of 40 patients evaluated at 4-year follow-up.


      We used Non-anatomical ACL reconstruction using the Over the Top technique provided satisfactory results in terms of control of both static and dynamic instability at long-term follow-up. However, the 2SHG group showed better subjective and functional outcomes with fewer degenerative changes at long-term follow-up compared with the 1SHG group [33].


      Conclusion


      The choice of the transplant in reconstructive surgery of the ACL remains a topical problem. The most commonly used transplants are the hamstrings (double-bundle semitendinosus-gracilis technique) and the patellar tendon (KJ), each of which has its own advantages and disadvantages.


      This study not only demonstrated the feasibility of reconstructing the ACL by the semitendinosus-gracilis technique under arthroscopy but also its effectiveness compared to other techniques. The authors advocate the promotion of arthroscopic surgery and indications expansion to other joints.
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