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Introduction 1 

 2 

For many patients with an anterior cruciate ligament (ACL) lesion, an isolated 3 

intra-articular ACL reconstruction (ACLR) is sufficient to achieve an excellent 4 

functional outcome. However, the ACLR does not lead to a complete recovery 5 

for some patients (up to 30%) in terms of patient-reported outcomes (PROs), 6 

knee kinematics, and return to sports. 1–6 7 

In that group of patients, residual rotational instability remains an important 8 

post-operative clinical issue given that a positive pivot shift (PS) after an ACLR 9 

is one factor associated with poor functional outcomes.7,8 10 

The severity of the PS has been correlated with functional instability, patient 11 

dissatisfaction, activity limitation, poor knee function, limited sports 12 

participation, and lower functional knee scores.9 13 

Regardless of the technique used to perform the ACL reconstruction, a non-14 

anatomical reconstruction has been shown to lead to a higher failure rate.10 15 

Choosing the transtibial technique (TT) for ACLR makes it more difficult to 16 

place the femoral tunnel in the anatomical footprint, thus setting up a non-17 

anatomical inclination of the neo-ligament.11 Therefore, it is more frequent to 18 

find postoperative residual instability, in particular rotatory instability in 19 

patients who have had a reconstruction of the ACL with the TT.12,13 20 

The pathophysiology of this persistent instability is multifactorial. However, 21 

after the recent revival of the interest on the anterolateral structures of the knee, 22 
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it has been suggested that a lateral extraarticular procedure (LEP) would help in 23 

controlling anterolateral rotatory instability (ALRI). The rationale for 24 

considering a concomitant LEP is based on its biomechanical peculiarity. It 25 

provides an increased lever arm for controlling rotation than an isolated intra-26 

articular reconstruction since it moves away from the center of rotation of the 27 

knee.14,15 28 

Several studies have evaluated in cadaveric setting the kinematical changes 29 

provided by adding a LEP to an ACL reconstruction (references) and some 30 

studies tried to explain also the in vivo kinematic of combined ACL and LEP 31 

(references). Few studies finally tried to analyze the biomechanical effects of 32 

the LEP separately from the ACL ones. (references) 33 

All the investigations reported, were carried out by associating the LET with an 34 

anatomical ACLR. Thus, as far as we know, no in vivo data is available on the 35 

LET in association with a non-anatomic reconstruction. 36 

The purpose of this study was to carry out an in vivo kinematic analysis to 37 

determine whether adding a LET for those patients with subjective and 38 

objective residual instability after a TT ACLR reduces anteroposterior and 39 

rotational laxity. The secondary aim was to look at the 2-year follow-up clinical 40 

outcomes to analyze whether biomechanical changes determine clinical 41 

improvement or not. Our hypothesis was that the addition of a LET to a non-42 

anatomic ACL reconstructed knee would increase rotatory stability and thereby 43 

improve clinical outcomes in this group of patients. 44 
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 45 

Methods 46 

 47 

A prospective observational single-center study was carried out adhering to the 48 

Strengthening the Reporting of Observational Studies in Epidemiology 49 

(STROBE) guidelines.18 During the period from October 2017 to February 50 

2019, all patients presenting to the two main authors (X.X., X.X.X.) with 51 

residual subjective instability after an ACLR were considered for enrollment in 52 

the study. Subjective instability was described as the feeling of giving way 53 

during daily life and/or sport and work activities and the lack of confidence in 54 

the knee joint. We only considered patients who continued with subjective 55 

instability despite at least one year of rehabilitation. In all cases, the subjective 56 

instability of the patients was confirmed by a quantitative evaluation of the 57 

degree of anteroposterior and rotational laxity. Only patients with both 58 

subjective and residual objective instability were considered for the study. The 59 

surgical protocol of the index surgery was revised and only the patients that had 60 

had a TT ACLR were asked to take part in the study.  61 

Only patients who persisted with subjective instability despite at least one year 62 

of rehabilitation through muscle strengthening and proprioceptive training were 63 

considered for the study. A knee MRI was obtained in all cases to evaluate 64 

possible ACL graft rupture and to confirm non-anatomic positioning of the graft 65 

by measuring the ACL inclination angle as previously described 51-52. All the 66 
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patients came from other institutions given that the TT ACLR is not performed 67 

at the authors’ institution. All the patients who satisfied the additional study 68 

criteria in Table 1 were finally asked to take part in the study and a lateral 69 

extraarticular tenodesis (LET) was proposed for them.  70 

All the surgical procedures were performed by the two main authors. All the 71 

procedures described in this study were performed in accordance with the 72 

ethical standards of the 1964 Declaration of Helsinki and its later amendments19  73 

and ethics committee approval was obtained (Protocol No. XXXXXXXXX). 74 

All patients signed an informed consent form before recruitment. No external 75 

funding was received for the initiation or completion of this study. Twenty-three 76 

patients with residual subjective instability after a TT ACLR were evaluated. 77 

Two patients were excluded because a lateral meniscal lesion was repaired at 78 

the same time as the LET surgery. We considered a meniscal suture as an 79 

exclusion criteria given that it has been recently shown that both lateral and 80 

medial meniscal suturing can reduce rotatory instability.25 In that sense we did 81 

not want to introduce a source of possible bias. Two more were excluded due to 82 

the absence of the ACL graft in the MRI evaluation. The remaining 19 patients 83 

were prospectively included in the study. 84 

 85 

Lateral Extrarticular Tenodesis 86 

Before starting with the LET, an arthroscopic review of all the joint 87 

compartments was always done to check on the integrity of the ACL graft and 88 
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to look for cartilage or meniscal injuries. A modified Lemaire tenodesis was 89 

performed in all cases, as previously described.20 An antero-lateral approach of 90 

about 4 to 5cm was made between the lateral femoral epicondyle and Gerdy’s 91 

tubercle. A 1cm × 8cm long strip from the central part of the fascia lata was 92 

harvested, leaving its distal attachment at the Gerdy´s tubercle intact. In every 93 

case, a 5.5 × 20 mm tunnel was made starting 5 to 10 mm proximal and 5 mm 94 

posterior from the lateral epicondyle. The proximal part of the graft was passed 95 

beneath the lateral collateral ligament and secured in the tunnel with a 6 × 20 96 

mm interference screw (Biosure HA, Smith and Nephew) maintaining the foot 97 

in neutral rotation.  During fixation, care was taken to avoid extreme tensioning 98 

on the graft given that previous biomechanical studies have suggested that 99 

tension over 20N may overconstrain knee kinematics.21 (Figure 1) 100 

 101 

Clinical assessments and follow‑up 102 

For all patients, age, sex, body mass index (BMI), type of graft used for index 103 

ACL surgery as well as the time between index ACL surgery and LET were 104 

recorded. The same preoperative MRI and X-ray protocols were used in every 105 

case to detect ACL graft rupture, cartilage and meniscal injuries, lower limb 106 

malalignment and radiological signs of osteoarthritis. During the outpatient 107 

clinic visit, anteroposterior knee laxity was measured using the Kinematic 108 

Rapid Assessment (KiRA) triaxial accelerometer (Orthokey Italia Srl, Firenze, 109 

Italy), and the KT-1000 arthrometer (MEDmetric San Diego, California) while 110 
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performing the manual maximum test as previously described. The difference 111 

between the injured and uninjured legs was expressed in 0.5mm increments.22,23 112 

 113 

Quantitative assessment of the pivot shift (QPS) phenomenon, detecting the 114 

values of rotational acceleration, was performed using the KiRA accelerometer. 115 

All the measurements were recorded following the indications previously 116 

described.23,24Each measurement was performed five times. Then, the maximum 117 

and minimum values were excluded, and the three remaining values were 118 

averaged and used for the analyses. Both knees were evaluated to analyze the 119 

difference in rotational acceleration. It is defined as residual anterolateral 120 

rotational instability (ALRI). ALRI was calculated by subtracting the value of 121 

laxity of the healthy joint from the one acquired on the involved joint.25 In the 122 

same way, the residual anteroposterior instability (API) was calculated with 123 

both the KT1000 and KiRA. 124 

 125 

Preoperative and postoperative assessments were always performed by the same 126 

senior surgeon (Y.Y.) trained with the KiRA system and KT1000 arthrometer to 127 

avoid a technical bias. A single trained observer approach was adopted to 128 

mitigate the broad inter-observer reliability of the test. The examiner was not 129 

blinded to the state of the knee but was blinded to the results of the KiRA 130 

analyses during the execution of the tests. The observer was not one of the 131 

treating surgeons.  132 
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 133 

To evaluate knee function and subjective instability, the Single-leg vertical 134 

jump test (SLVJT) and the Single-leg hop test (SLHT) were used, as originally 135 

described. For the SLVJT, the subject starts with the foot of the test leg on a 75 136 

× 50cm rectangular mat, begins to sink and holds a knee position (at an 137 

approximately 120° knee angle). On the count of four, the subject jumps as high 138 

as possible. A successful trial was one where there was no sinking or counter- 139 

movement prior to the execution of the jump. The test was performed correctly 140 

when one foot landed on the mat with elbows clasped behind the back 141 

throughout.28 142 

 143 

To perform the SLHT, each participant stands on one leg with the heel on a 144 

predetermined mark on the floor. Then, the subject hops forward as far as 145 

possible while landing on the same leg. The investigator uses a standard tape-146 

measure to record the horizontal displacement in centimeters from the heel 147 

starting position to the heel landing mark. This test was performed three times, 148 

and the greatest distances for the involved and uninvolved limbs were 149 

measured.29 150 

 151 

Subjective outcomes were assessed using the IKDC 2000 subjective knee 152 

evaluation form and the Lysholm score.30,31 Finally, patients were asked to 153 

complete the Tegner activity scale.31 154 
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 155 

The Patients Reported Outcomes (PRO) measures, SLVJT and SLHT, KT-1000 156 

and KiRA evaluations were collected before surgery, at 6 months and 2 years 157 

after surgery. Patients were prospectively followed up, and the occurrence of 158 

any complications, further surgery and/or recurrence of ACL ruptures or 159 

meniscal lesions were noted. 160 

 161 

Time Zero Kinematic Assessment 162 

On the day of surgery, the patient was evaluated to obtain quantitative anterior 163 

and rotational laxity values using the KiRA system.  Both the knees were 164 

evaluated on two occasions following the same preoperative protocol, 1) after 165 

the administration of general anesthesia but before the application of the 166 

tourniquet and 2) just after the end of the surgery after the removal of the 167 

tourniquet (still under anesthesia).  168 

 169 

 170 

Statistical analysis 171 

Continuous variables are presented as mean and standard deviations (SD). 172 

Categorical variables are presented as percentages and frequencies. The Shapiro 173 

Wilk test was used to confirm the normality of the variables.  The inference in 174 

continuous variables was calculated with the paired-samples T-test and their 175 

results are presented with their 95% confidence interval (95% CI). The 176 
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inference for categorical variables was studied with the Chi-squared test or 177 

Fisher's exact test, depending on what corresponded. To compare repetitive 178 

variables, the ANOVA test was used. The Wilcoxon signed-rank test and the 179 

Spearman Rank correlation coefficient were used to assess any association 180 

between the side-to-side difference in laxity and the baseline characteristics 181 

(age, sex, type of ACL graft, BMI, additional procedure). The level of 182 

significance was set at 5% (α = 0.05), the bilateral approximation. The study 183 

group size was based on the primary outcome, the difference in rotational 184 

acceleration. A reduction of the side-to-side difference under anesthesia of 1.5 ± 185 

0.4m/s2 in rotational acceleration was considered clinically relevant based on 186 

previous studies.25,32 With a power of 0.80 and an alpha of 0.05, the calculated 187 

group size was 15. All the analyses were performed with the SPSS 19 (SPSS 188 

Inc., Chicago, Illinois). 189 

 190 

Results 191 

 192 

A total of 7 females and 12 males were prospectively followed up (Figure 1). 193 

The mean age in the cohort was 24.5 ± 7.5 years (range, 17-34 years). The mean 194 

value of the graft sagittal inclination angle was 60.2 ± 4.3º. The baseline 195 

characteristics of the patients are summarized in Table 2.  A meniscal procedure 196 

was undertaken on 5 patients during the index ACL reconstruction surgery and 197 

5 patients underwent a partial meniscectomy during LET. No associations have 198 
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been detected between the side-to-side difference in laxity and the baseline 199 

characteristics. 200 

 201 

Kinematic analysis  202 

The side-to-side difference in dynamic rotational acceleration of the tibia during 203 

the pivot shift test, as measured with KiRA, decreased significantly under both 204 

anesthesia (3  1.2m/s2
,
 preoperatively and 1.1 1.1 m/s2

,
 postoperatively with p 205 

< 0.05) and without the effect of the anesthesia (2.1  0.8m/s2 preoperatively, 206 

0.7  1.4m/s2 at 6 months, 0.8  1.3m/s2 at last FU, p < 0.05).  207 

 208 

The side-to-side difference in anterior tibial translation measured in millimeters 209 

with KiRA decreased significantly only under anesthesia (3.4  1.9mm 210 

preoperatively, 2.1 1.1mm postoperatively, p < 0.05). The anterior tibial 211 

translation measured without anesthesia with both KiRA and KT1000 resulted 212 

non-significant (p > 0.05 in both measurements). Postoperative analysis of knee 213 

laxity did not show any significant variation from the first to the last FU. A 214 

complete summary of the kinematic values is presented in Tables 3 and 4.  215 

 216 

 217 

Clinical and functional findings 218 
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All 19 patients complained of subjective instability, preoperatively. At the 6 219 

months follow up only one patient (5,2%) was still complaining of instability 220 

during sport activities (tennis, skying). Anyway, this patient reported an 221 

increasing in the stability of the knee during heavy work activities improving 222 

his Tegner activity level from 4 to 5. The patients was satisfied with the result 223 

and he didn’t ask for a revision ACL surgery. Two patients (10,4%) suffered a 224 

knee sprain during sport activities (tennis and handball respectively) at 13 and 225 

15 months postoperatively that led to a complete rupture of the ACL. Both these 226 

patients increased their level of activities after the surgery (from 4 to 6 in the 227 

Tegner Activity scale in both cases). After the new injury they decreased their 228 

level of activity to 3 of Tegner activity scale requiring a revision ACL surgery. 229 

Finally in 16 patients (84.2%), the subjective feeling of instability disappeared 230 

at the last follow-up.  231 

Finally, in 16 patients (84.2%), this subjective feeling disappeared at the last 232 

follow-up.  233 

The mean inclination angle value of the ACL measured on MRI was 60.2 ± 4.3º 234 

and all the grafts had a sagittal inclination angle > 55º. The mean inclination 235 

angle of a native ACL measured in a sagittal MRI is 49.3 ± 4.2º 52  and an 236 

inclination > 55º falls outside the anatomical range previously described 51. Thus 237 

it was confirmed that the TT ACLR was not anatomical in the patients of our 238 

cohort. (Figure 2) 239 
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Eight patients (42.1%) were able to perform the SLVJT before the operation, 17 240 

(89.5%) were able at 6 months and 16 (84.2%) at the 2-year FU (p < 0.05).  241 

 242 

The result in the SLHT of the involved limb passed from 128.2 ± 28.9cm 243 

preoperatively to 141.8 ± 21.1cm at the two-year follow-up (p < 0.05) and the 244 

limb symmetry index between the two limbs ranged from 78.6 ± 9.9% 245 

preoperatively to 89.7 ± 11.2% at the last follow-up (p < 0.05). 246 

 247 

The mean value of subjective IKDC showed a significant improvement (p < 248 

0.05), moving from 80.4 ± 10.3 preoperatively to 91.1 ± 12.2 at the last follow 249 

up. On the contrary, no significant improvement was detected for the Lysholm 250 

score (84.8 preoperatively; 91.7 postoperatively, p > 0.05). The mean Tegner 251 

activity score was 4.0 ± 2.1 preoperatively and 6.1 ± 2.3 postoperatively (p < 252 

0.05). 253 

 254 

Postoperative analysis of clinical scores did not show any significative variation 255 

from the first to the last FU. 256 

 257 

Discussion 258 

 259 

The principle finding of the present study was that LET can improve the 260 

kinematics of a non-anatomic ACL reconstructed knee with residual instability. 261 
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More specifically, it can significantly reduce both rotatory and anteroposterior 262 

laxity. The latter shows less significant improvement, which can only be 263 

detected with the patients under anesthesia. The improvement in rotational 264 

laxity was still present at the last follow-up without changes from the first 265 

follow-up.  266 

A LET was our surgical choice in spite of a revision anatomic ACL 267 

reconstruction surgery because of several reasons.  It was a cohort of 268 

recreationally active patients with the index reconstructed TT ACL still intact 269 

and with good maturation signal in MRI. Furthermore, the patients did improve 270 

their instability with the index surgery, even if it was only a partial 271 

improvement. Finally, we classified the objective instability of these patients as 272 

minor/intermediate and not as a high instability. We consider a high degree of 273 

instability when there is >4.2m/s2 of side-to-side difference in rotational 274 

acceleration or >5mm of side-to-side difference in anteroposterior laxity, as 275 

previously described (references) For these reasons we considered that a LET 276 

would be sufficient to counteract the residual instability. 277 

Those who support the use of an associated LET do so based upon the results of 278 

biomechanical studies and a few recent clinical studies with short follow-ups. 279 

All these studies have been done performing the ACLR with an anatomical 280 

trans anteromedial portal technique.33–36 281 

As far as we know, this is the first data available on the in vivo kinematics of an 282 

LET associated with a non-anatomic ACLR technique. For an in vivo 283 
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assessment of rotational instability of the knee, the Pivot-shift test remains the 284 

most practical tool available 32  but considerable variations in interobserver 285 

reliability have been reported and the diagnostic accuracy of the test remains 286 

somewhat limited.37 For these reasons, a triaxial accelerometer was used for an 287 

accurate quantitative analysis of laxity in the present study. The use of the 288 

triaxial accelerometer has been widely validated and found to be useful and easy 289 

to perform a kinematic analysis, even intraoperatively. 23,25,32 290 

The kinematic data of the present study does not only have statistical 291 

significance. Indeed, according to the data from some previous studies, one 292 

clinically relevant grading difference in pivot-shift acceleration under anesthesia 293 

was 1.5 (± 0.4m/s2).25,32 This suggests that the mean tibial acceleration reduction 294 

by the LET in TT ACLR knees in the present study (> 1.5 ± 0.4m/s2) was 295 

clinically significant. 296 

 297 

Furthermore a 1.9m/s2 side-to-side difference in tibial acceleration as well as 298 

3mm side-to-side difference in tibial anterior translation have been 299 

demonstrated to be pathological.27,39 In 4 patients (21%), preoperative 300 

pathological anterior translation was detected whereas the side-to-side tibial 301 

acceleration was ≥ 1.9m/s2 in 16 subjects (84.2%). This data is in line with 302 

previous studies that showed that a non-anatomic position of a femoral ACL 303 

tunnel can frequently lead to persistent rotational instability.12,13 304 

 305 
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Surprisingly, the 4 patients with the greatest anteroposterior laxity were the 306 

same ones with the lowest rotational instability. This indicated that the 307 

subjective instability referred by the patients could be interpreted as the 308 

summation of both anteroposterior and rotational laxity. Upon analyzing this 309 

data, it has been determined that the patients who reported subjective instability 310 

presented at least one pathological parameter of quantitative laxity. In the same 311 

way, the improvement in the kinematic parameters in the postoperative 312 

corresponds to the disappearance of the subjective instability in most of the 313 

cases. 314 

 315 

Both residual ALRI and API showed a significant increase when the patients 316 

were under anesthesia (p = 0.009 and p = 0.017, respectively). It has previously 317 

been reported that significant differences arise in detecting rotational instability 318 

with or without KiRA in awake and anesthetized patients, with the latter 319 

appearing to be more reliable due to the absence of apprehension, pain and 320 

muscle tone.32,40–43 To our knowledge, no data has been reported on the 321 

differences in the accuracy of KiRA in terms of detecting anteroposterior laxity 322 

when comparing patients under anesthesia to those without anesthesia. This fact 323 

should be considered when evaluating the data from the present study. 324 

The second important finding of the present study is that the kinematic changes 325 

provoked by the LET results in an improvement in subjective stability and the 326 
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functional and clinical outcomes in this small cohort of recreationally active 327 

patients. 328 

The SLHT was designed to assess both the strength and confidence in the 329 

involved limb in an easy way while performing it in outpatient clinics.29 The 330 

SLVJT has been reported to provide an assessment of strength, power and 331 

patient willingness to accept weight on the involved side. Specifically, the latter 332 

was the objective of the present study in which the simplest SLVJT variation 333 

was used.48–50 334 

 335 

In 84.2% of the cases, the LET was useful in resolving the subjective instability. 336 

Moreover, an improvement in both the SLVJT and SLHT was seen. This results 337 

in a significative improvement in both the Tegner activity score and IKDC 338 

score. Surprisingly, no differences have been detected in the Lysholm score. We 339 

speculate that this may be because IKDC score investigate more deeply sport 340 

related movements as jumping or start and stop quickly. Given that it was a 341 

secondary outcome of the study, no power analysis relative to clinical outcome 342 

changes was carried out. This is one of the reasons why we cannot state with 343 

certainty whether the statistical difference of IKDC would correspond to a 344 

clinical improvement or to a random error (references) 345 

The lowest minimal detectable change (MDC) previously published for IKDC is 346 

8,8 points in cohort of mixed knee pathology (references) and in the cohort of 347 

the present study the mean improvement was 10,7 points. The patient 348 
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acceptable symptom state (PASS) previously described for IKDC after ACL 349 

reconstruction is 75,9 (references) and the normative mean value for IKDC 350 

described for patients ranging in age between 18 and 50 years was 87,6 351 

(references). The cohort of the present study had a mean improvement from 352 

80,4 to 91,1. It means that preoperatively IKDC value was already in the PASS 353 

range but not in the normative value range and with the surgery reached the 354 

normative value previously described. Finally minimal clinically significant 355 

difference (MCID) for the IKDC is reported in literature as 6,3 and 16,7 for 356 

chondral injuries at 6 and 12 months respectively, and from 11,5 to 20,5 for 357 

other mixed knee pathologies (references). Following theses value of MCID the 358 

statistical difference we found in the present study might not correspond to a 359 

clinical improvement.  360 

 361 

 362 

 363 

Limitations 364 

The first limitation is the small cohort size. Thus, this study was not powered to 365 

detect differences between the baseline characteristics of the patients (i.e., BMI, 366 

sex, type of graft). This may limit our conclusions to our sample. Similar studies 367 

with a larger cohort will be better able investigate whether baseline 368 

characteristics can influence the biomechanical changes brought on by LET. 369 
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The second limitation is the lack of a control group for the clinical part of the 370 

study. A group of patients with the same pathology treated with a different 371 

technique or approach would make the results more consistent. Both from an 372 

ethical and a practical point of view, it did not seem appropriate to offer patients 373 

a different treatment from the one we proposed to them. Patients could not 374 

tolerate continuing conservative treatment due to lack of results and a revision 375 

ACL reconstruction in recreationally patients with intermediate objective 376 

instability and intact ACL graft on MRI was considered a too aggressive 377 

solution. 378 

A further limitation is the single evaluator methodology. This obviously has an 379 

inherent weakness but it was specifically adopted to minimize the error that 380 

would be introduced as a result of multiple observers. Nevertheless, previous 381 

studies have already demonstrated that the KiRA is both accurate and reliable at 382 

quantifying rotational acceleration and antero-posterior laxity.23,25,26At the same 383 

time, it has been shown that the reliability of the KiRA device is proportional to 384 

the experience of the user.39 For these reasons, an observer who was well-385 

experienced in knee surgery and had more than three years of experience using 386 

this triaxial accelerometer was chosen.  387 

 388 

Finally, some could claim that the detected lower value of laxity for the 389 

involved knee collected at time zero may also be related to the required 390 

prudence in postoperative measurements. For this reason, the decision was 391 
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taken to re-evaluate the patients in the outpatient clinic up to 2 years 392 

postoperatively to mitigate the influence of this bias.  393 

  394 
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Conclusions 395 

The modified Lemaire LET can improve the kinematics of a non-anatomic ACL 396 

reconstructed knee with residual subjective and objective instability. These 397 

kinematic changes were able to lead to an improvement in subjective stability as 398 

well as the function of the knee in a small cohort of recreationally active 399 

patients. LET surgery for revision under negligence of the ACL might be 400 

considered for short term functional improvement in patients with low activity 401 

level.  402 

  403 
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 585 

Figure 1: modified Lemaire anterolateral tenodesis of a right knee 586 

 587 

 588 

Figure 2: The sagittal obliquity of the graft measured on magnetic resonance 589 

imaging sagittal view of a left knee. The angle of the inclination (is defined 590 
by the intersection of 2 lines: 1 tangential to the anterior aspect of the anterior 591 
cruciate ligament graft (I) and the other tangential to the anterior aspect of the 592 
intercondylar eminence and perpendicular to the long axis of the tibia (II). In 593 
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this case  measures 60,9º, confirming a no anatomical positioning of the ACL 594 
graft. 595 
 596 
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 598 
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 601 
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Table 1: Inclusion and exclusion criteria 608 

 609 

 610 

ACL: anterior cruciate ligament; MR: magnetic resonance. 611 

 612 

 613 

 614 

 615 

 616 

 617 

 618 

 619 

 620 

 621 

 622 

Inclusion Criteria Exclusion Criteria 
Skeletally matureAble to provide 
written informed consent 
 

Previous multiligament reconstruction  
Not fit for a surgery 
Not willing to carry out the study 
MR or intraoperative signs of ACL rupture
Knee osteoarthritis  
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 623 

 624 

 625 

 626 

 627 

 628 

TABLE 2: Baseline characteristics and additional procedures during ACL 629 

reconstruction or LET 630 

 631 

 
Patient 

AGE 
(years) 

 
SEX 

BMI 
(Kg/m2)

Time 
between 
ACL 
and 
LET 
(months)

ACL 
graft 

Additional 
Procedure 
during ACL 

Additional 
Procedure 
during LET

1 18 Male 23.2 25 BTB None None
2 33 Male 24.1 21 Hamstring Meniscal 

suture (M) 
Partial 
meniscectomy
(M)

3 31 Male 21.7 24 BTB None None
4 30 Male 22.3 15 BTB None Partial 

meniscectomy
(L)

5 22 Female 20.1 28 Hamstring None None
6 20 Male 21.9 31 BTB Meniscal 

suture (L) 
None 

7 19 Male 24.1 23 Hamstring Partial 
meniscectomy 
(L) 

None 

8 25 Female 23.1 18 BTB None None 
9 23 Female 22.8 25 Hamstring None None
10 24 Female 19.9 21 Hamstring None None
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11 21 Male 24.6 19 BTB None Partial 
meniscectomy
(M)

12 34 Male 21.3 19 Allograft None None
13 17 Female 20.7 17 BTB Meniscal 

suture (M) 
None 

14 26 Male 25.1 21 Hamstring  None None
15 24 Male 22.5 25 Hamstring None None
16 20 Female 23.8 27 Hamstring Partial 

meniscectomy 
(M) 

Partial 
meniscectomy
(M)

17 20 Male 26.1 29 Hamstring None None
18 18 Male 22.4 34 BTB None None
19 21 Female 20.5 24 Hamstring None Partial 

meniscectomy
(L)

 632 

BMI: body mass index; BTB: Bone-Tendon-Bone; M: medial; L: lateral; ACL: 633 

anterior cruciate ligament; LET: lateral extraarticular tenodesis. 634 
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 643 

TABLE 3: Summary of the mean kinematic values under anaesthesia  644 

 645 
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 Preoperative Postoperative P 
value

AP 
TRANSLATION 
(KiRA) 

8.6  1.4 7.2  1.8 0.019

QPS 6.4   1.5 4.6   .8 0.007
Residual API 3.4  1.9 2.1  1.1 0.019
Residual ALRI 3  1.2 1.1  1.1 0.003

 646 

AP translation: antero-posterior translation of the involved limb (mm); QPS: 647 

quantitative Pivot Shift of the involved limb (m/s2); API: antero-posterior 648 

instability (mm); ALRI: anterolateral rotational instability (m/s2). 649 

 650 
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 680 

TABLE 4: Summary of the mean kinematic values without anaesthesia  681 

  682 

 Preoperative 6 months 
FU 

2 years 
FU 

P 
Value 
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AP 
TRANSLATION 
(KiRA) 

6.8  2.1 6.1  1.6 6  1.5 0.064 

AP 
TRANSLATION 
(KT1000) 

8.3  2.4 7.5  1.4 7.3  1.6 0.071 

QPS 4.7  3.2 2.9  2.8 2.3  2.5 0.022 
Residual API 
(KiRA) 

2.3  1.1 1.6  1 1.5  1.2 0.057 

Residual ALRI 2.1  0.8 0.7  1.4 0.8  1.6 0.018 
 683 

 684 

 685 

AP translation: antero-posterior translation of the involved limb (mm); QPS: 686 

quantitative Pivot Shift of the involved limb (m/s2); API: antero-posterior 687 

instability (mm); ALRI: anterolateral rotational instability (m/s2); FU: follow 688 

up. 689 

 690 

 691 

 692 
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