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32 Abstract 

33 

34 Purpose: Lateral posterior meniscal root tear (LPMRT) repair, at the time of anterior cruciate 
 

35 ligament (ACL) reconstruction are increasingly being performed. The aim of this study was to 
 

36 compare the clinical and functional outcomes, as well as the complication rates at a minimum 
 

37 of two years follow-up, between an isolated ACL reconstruction group with intact menisci and 
 

38 a combined ACL reconstruction and LPMRT repair group. 

 
39 

 

40 Methods: All patients who underwent combined ACL reconstruction and LPMRT repair 
 

41 between 2016 and 2020 were included in the study. They were matched with an isolated ACL 
 

42 reconstruction group with intact menisci based on age, gender and the pre-injury IKDC score. 
 

43 The KOOS, ACLRSI Tegner-Lysholm score and the TELOS-test were collected pre- and 
 

44 postoperatively; complications (re-rupture, recurrence or persistence of a high grade pivot 
 

45 shift, new meniscal injury) were recorded. All LPMRTs were repaired using transtibial pull-out 
 

46 technique. 

 
47 

 

48 Results: After matching, 100 patients were included in this study (mean age :29.6 ± 1.0 years 
 

49 and mean follow-up 42.9 ± 7.3 months): 50 patients in the isolated ACL reconstruction group 
 

50 with intact menisci (group A) and 50 in the combined ACL reconstruction and LPMRT repair 
 

51 group  (group  B).  Preoperatively,  patients  in  group  B  had  significant  lower  KOOS scores 
 

52 (Global: 55.9 ± 2.9 vs. 64.6 ± 2.3, p = 0.02), but similar ACLRSI, TEGNER and TELOS scores. At 
 

53 the last follow-up, all functional scores had improved, and no significant difference between 
 

54 the two groups on any score was observed. There was also no difference in terms of 
 

55 complications rates. 
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56 
 

57 Conclusion: At a minimum of two years follow-up (mean follow-up 42.9 months), LPMRT 
 

58 repair during ACL reconstruction has no significant difference in terms of post-operative 
 

59 functional outcomes compared to the isolated ACL reconstruction group. 

 
60 

 

61 Key-words: Lateral meniscal posterior root tears, anterior cruciate ligament reconstruction, 

62 functional outcome, meniscus root 

63 
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95 Introduction 

96 

97 Meniscal root tears are defined as either an avulsion of the insertion of the meniscus 
 

98 attachment or complete radial tears that are located within 1cm of the meniscus insertion 
 

99 [17, 27]. Lateral posterior meniscal root tears (LPMRT) are common concomitant injuries in 
 

100 the setting of anterior cruciate ligament (ACL) lesions, reportedly occurring in 8-15% of 
 

101 patients   [9,  12].  Biomechanical  studies  have  demonstrated  that  meniscal   root  injuries 
 

102 interrupt the continuity of the circumferential fibers, and hence lead to failure of the normal 
 

103 meniscal function to convert axial loads into transverse hoop stresses [2, 19, 33]. 
 

104 Therefore, posterior meniscus root repairs are increasingly being performed [8, 27] and acute 
 

105 root repair at the time of anterior cruciate ligament reconstruction is even recommended [1, 
 

106 3, 11, 27]. However, LPMRT can be difficult to diagnose on MRI given their lower sensitivity 
 

107 compared with the detection of other meniscal tears [5, 20]. The diagnosis is often made 
 

108 intraoperatively, during arthroscopic exploration. It is therefore common for patients 
 

109 undergoing an ACL reconstruction to be informed in the immediate post-operative period 
 

110 that a LPMRT had been diagnosed and repaired. These patients often ask their surgeon what 
 

111 difference can be expected in terms of functional and clinical outcome compared to an 
 

112 isolated ACL reconstruction. To our knowledge, there are no studies comparing patients 
 

113 having  an  ACL  reconstruction  with  intact  menisci  and  patients  with  combined  ACL 
 

114 reconstruction and LPMRT repair. The purpose of this study was to compare clinical and 
 

115 functional outcomes of patients after isolated ACL reconstruction without meniscus lesions 
 

116 versus combined ACL reconstruction and LPMRT repair at a minimum follow-up of two years. 
 

117 The hypothesis of this work was that no difference in functional outcome or complication 
 

118 rates between these two groups of patients could be expected. 

https://www.zotero.org/google-docs/?xKntcj
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119 The results of this study will help surgeons in the message to be delivered to the patient in 
 

120 case of intraoperative diagnosis and repair of a LPMRT during ACL reconstruction. 

 
121  

 

122 Materials and methods 

 
123  

124 After review board approval, a retrospective analysis was performed from a prospectively 
 

125 collected database in a single sport medicine center. All patients gave valid consent to 
 

126 participate in this study (CPP N°2020-A00910037). 
 

127 Patients between 18 and 50 years of age who were operated for a primary ACLR performed 
 

128 by a single surgeon (MO) between January 2016 and December 2020 were only included in 
 

129 the study. 
 

130 Patients were excluded if they had a medial meniscus ramp lesion, structural lesions (bucket- 
 

131 handle, vertical, horizontal, radial tears) of the lateral and medial meniscus other than a 
 

132 posterolateral meniscus root tear (PLMRT) as observed during arthroscopic exploration, ACL 
 

133 agenesis, previous knee surgery in the ACL deficient knee, concomitant collateral (> MRI grade 
 

134 2) or posterior cruciate ligament injury, associated bone or cartilage procedure and lateral 
 

135 discoid meniscus. 
 

136 Two-hundred and four patients met the inclusion and exclusion criteria (152 patients with 
 

137 isolated ACLR without any meniscus lesion and 52 patients with combined ACLR end PLMRT 
 

138 repair). A matching process based on age (± 3 years),type of graft used, gender and on a pre- 
 

139 injury IKDC memory score (+/-5 years) allowed to finally include 50 patients in each group 
 

140 (Group A: isolated ACL reconstruction group/ Group B : Combined ACL reconstruction and 
 

141  

 
142  

143  

LPMRT repair group) for comparative analysis (Fig. 1). 
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144 Pre-operative data 

145  

146 Preoperative data included age, sex, Body Mass Index (BMI), preoperative grade of Pivot Shift 
 

147 (PS) under general anesthesia (grade 1, 2 or 3)  [15], IKDC  [14], KOOS  [30–32], TEGNER  [39], 
 

148 ACL-RSI [4, 41] and sagittal laxity using the TELOS system [23] were collected from the routine 
 

149 pre-operative questionnaire and the operative report. The type of sport practiced (contact or 
 

150 non-contact pivoting sport) before the ACL injury and the level of competition (professional 
 

151  

 
152  

or amateur) was also collected from the routine pre-operative questionnaire. 

 

153 Surgical technique for ACLR and LPMRTs repair. 
 

154 All patients were operated by the same senior surgeon using two different ACLR techniques 
 

155 with 2 different types of grafts. The choice of surgical techniques was based on individual 
 

156 surgeon and patient preference. The two anatomic ACL reconstruction surgical techniques 
 

157 were the Bone Patellar Tendon Bone (BPTB) technique [13] and the Quadriceps tendon 
 

158 technique [25]. In both cases, grafts were fixed using resorbable screws. 
 

159 The lengths and diameters of the grafts were measured for each techniques. 
 

160 In case of LPMRT diagnosed during arthroscopic evaluation, these were then classified into 3 
 

161 groups according to the LaPrade classification [2] and repaired using the same surgical 
 

162 technique. The transtibial pull-out technique was used as described by LaPrade [21]: After 
 

163 making a 3-cm incision laterally to the  the tibial tubercle, Two  2 intra-articular tunnels were 
 

164 created, 5 mm apart, into which cannulas were inserted. Two sutures were passed (2-0 
 

165 Fiberwire; Arthrex Inc) through the cannulas. A self-passing suture device (Sharpshooter, Ivy 
 

166 Medical) was placed through the accessory portal to pass a suture through the posterior 
 

167 portion of the lateral meniscus root, subsequently this was then routed into the transtibial 
 

168 tunnel. Once the reduction of the root repair was confirmed arthroscopically, the sutures 
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169 were attached to the anterior tibia with a cortical fixation device. 
 

170 In each group (A and B), the rehabilitation process was the same: All patients were allowed 
 

171 full weightbearing after the surgery. Immobilizing or bracing the knee was prohibited. 
 

172 Patients were instructed to use crutches until they could ambulate using a normal gait. 
 

173 Physical therapy was started at day 10 post- operatively and focused on maintaining full knee 
 

174 extension and good quadriceps function. Patients were able to return to nonpivoting activities 
 

175 at 4 months. Gradual return to pivoting sports was initiated after the successful completion 
 

176 of functional sports tests, starting at 6 months for noncontact sports and 8 to 9 months for 
 

177 contact sports. 
 

178 Patients’ demographics, preoperative data, and surgical techniques used are summarized in 
 

179  

 
180  

Table 1. 

 

181 Clinical outcomes. 
 

182 Patients were reviewed at 1, 3, 6 and 12 months and subsequently at every 12 months. 
 

183 Follow-up consultations were  performed by a single fellowship-trained orthopedic  surgeon 
 

184 who was independent from the surgeon who performed the surgery. 
 

185 During these consultations, the following were evaluated: 
 

186 - Surgical complications (ACL graft ruptures) 
 

187 - New meniscal tear, if a new symptomatic meniscus tear was suspected on clinical 
 

188 examination (a history of knee pain or mechanical symptoms such as meniscal 
 

189 locking with joint line tenderness), a new MRI was performed 
 

190 - The presence or absence of a high grade Pivot Shift (PS) (grade 3 of the 
 

191 classification ) [15] 
 

192 - Sagittal laxity using TELOS® (Gmbh, Hungen/Obbornhofen Germany) system 
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193  

 
194  

- Patient reported outcome scores (IKDC, KOOS, TEGNER, ACLRSI) 

 

195 Statistical analyses. 
 

196 The descriptive statistics were presented as mean ± standard deviation for quantitative 
 

197 variables. Mann-Whitney U test for two independent samples with 95% confidence interval 
 

198 (95%CI)  was  used  to  evaluate  the  differences  between  two  variables,  one-way  ANOVA 
 

199 between more than two variables and multiple linear regressions for relationships. Paired 
 

200 student-t test was used to estimate the evolution of functional outcomes during follow-up. 
 

201 The differences in proportions between two samples were estimated with z-test with 95% CI. 
 

202 An a-priori sample size calculation demonstrated that 50 patients per group were sufficient 
 

203 to distinguish Minimal clinical difference for ACL-RSI (1.9+/-1.0) [42] and KOOS subscores 
 

204  

 
205  

(10+/-2.0) between groups at two years follow-up [7]. 

 

206 For all statistical analysis, PASW Statistics version 20 (SPSS, IBM Inc., Chicago, Illinois) was 
 

207 used. The threshold for statistical significance was set at p <0.05. 

 
208  

 
209  

 
210  

 

211 Results 

212  

213 Preoperatively, patients in group B had a lower KOOS score (Global: 55.9 ± 2.9 vs. 64.6 ± 2.3, 
 

214 p = 0.022), with significant differences in the subcategories symptoms, pain, sport. 
 

215 The rate of pre-operative high-grade PS was significantly higher in group B compared to group 
 

216 A (4.0 % vs 40.0%; p=0.02). The postoperative outcomes and complications are summarized 
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217 in Table 2. There was no significant difference in knee function scores at the last of follow-up 
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218 (KOOS, TEGNER and TELOS) between the two groups. There was no significant difference in 
 

219 terms of clinical complications between the two groups. 

 
220  

221  

222  

223  

224 Discussion 

225  
 

226 The main finding of this study was that combined ACL reconstruction and LPMRT repair leads 
 

227 to clinical and functional outcome as good as isolated ACL reconstruction with intact menisci, 
 

228 at a minimum of two years follow up (mean follow-up 42.9 months). 
 

229 Diagnosis of lesions of the posterior meniscal root are quite difficult to objectively 
 

230 identify preoperatively [5, 20]. Risk factors for LPMRT associated to ACL injury have been well 
 

231 studied by Sonnery-Cottet et al [28] who identified the practice of contact sports and the 
 

232 presence of concomitant medial meniscal tear to be important independent risk factors. 
 

233 Consistent results have been found in this study, patients in group B practiced more sports 
 

234 involving cutting and pivoting compared to patients with isolated ACL injury. Feucht et al [10] 
 

235 previously reported a contact injury mechanism to be the strongest risk factor for an 
 

236 associated major lateral meniscal tear (including root, complete radial, unstable longitudinal, 
 

237 and bucket handle) in the ACL injured knee. These findings suggest that LPMRT are usually 
 

238 associated with higher-energy and pivoting mechanism injuries. There was also a higher 
 

239 number of male patients in the LPMRT associated group. Similar findings were reported by 
 

240 previous authors but were not always considered as an independent risk factor [3]. 
 

241 As risks factors have been well identified, pre-operative diagnosis of LPMRT is difficult 
 

242 to determine on MRI with lower sensitivity compared with the detection of other meniscal 
 

243 tears [5, 20]. The diagnosis is often made intraoperatively, during arthroscopic exploration, 
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244 and decision to repair is thus made without informing the patient. Qian et al [29] reported 
 

245 MRI could detect only 33% of LMPRTs in a series of 45 arthroscopically confirmed tears. 
 

246 Furthermore, Shekhar et al [34] series demonstrated only 13 patients (52%) of the group with 
 

247 LMPRT confirmed by arthroscopy had a preoperative MRI reporting a tear in the posterior 
 

248 lateral meniscus, 5 of which were diagnosed as definitive root tears and 8 of which were 
 

249 diagnosed as a posterior horn tear. 
 

250 Injuries that involve the detachment of the posterior meniscal root have shown to 
 

251 deeply affect meniscal kinematics and biomechanics leading to accelerated degeneration 
 

252 within the knee joint [16, 17, 38]. Cadaveric and biomechanical studies [19, 26, 36] assessed 
 

253 the detrimental biomechanical effect of LPMRT on the knee with an ACL injury and its benefit 
 

254 of repairing this associated lesion. Based on clinical studies, it has been shown that complete 
 

255 LPMRT associated with an ACL tear is an independent risk factor for the presence of high 
 

256 grade anterolateral rotatory instability, especially in chronic injuries (>12 weeks) [24, 37]. The 
 

257 lateral meniscus is a known essential secondary restraint to anterolateral tibial motion in the 
 

258 pivot-shift phenomenon [36, 37]. Identical results have been found in this study as patients 
 

259 in group B complained of higher pre-operative rotatory instability compared to patients with 
 

260 isolated ACL injury, and poorer functional scores according to KOOS score. 
 

261 Shekhar et al [34] reported a recent series of 25 patients who underwent a combined 
 

262 arthroscopic ACL reconstruction and repair of the LPMRT using an independent tunnel drilling 
 

263 technique. They resulted in significant improvement of PROMs at a minimum follow up of 2 
 

264 years in 96% of patients. Study of Ahn et al [1] reported a series of 25 patients who underwent 
 

265 all-inside side-to-side suture repair of LPMRT along with transtibial ACL reconstruction. IKDC 
 

266 and Lysholm scores were significantly improved at a mean of 18 months after the surgery. A 
 

267 second-look arthroscopy performed in 9 patients showed that 8 of whom had complete 
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268 healing of the root repair and 1 of whom had an incompletely healed but stable meniscus. 
 

269 Anderson et al [3] reported functional outcomes of 16 patients who had posterior horn 
 

270 repairs associated with ACL reconstruction. They reported a mean Lysholm score of 86.1 ± 
 

271 13.3 and mean IKDC score of 84.3 ± 17 after a mean of 53.6 months of follow-up, similar to 
 

272 those found in the present study, with significant improvement in knee function. In a recent 
 

273 systematic review, Zheng et al [43] reported clinical outcomes of surgical repairs of LPMRT in 
 

274 patients undergoing ACL reconstructions. Nine studies were included in this systematic 
 

275 review, representing a total of 215 knees in 215 patients. According to IKDC and Lysholm 
 

276 score, patients reported favorable functional outcomes with a meniscus healing rate >90%. 
 

277 Despite many studies demonstrating good results of LPMR repair, authors of previous studies 
 

278 chose to leave the root tear in situ during ACL reconstruction [22, 35]. Shelbourne et al [35] 
 

279 showed that despite improved functional scores, the midterm radiographic follow-up results 
 

280 (mean follow-up time was 10.6 years) showed significant progression of lateral joint space 
 

281 narrowing in patients with tears of LMPR unrepaired compared with those without meniscal 
 

282 lesions. Lee et al [22] left radial tears of the LMPR without any repair system in 27 patients 
 

283 undergoing ACL reconstruction. Meniscal healing rate was only 75% as assessed by second- 
 

284 look arthroscopic surgery and magnetic resonance imaging (MRI). 
 

285 . 
 

286 This study in our knowledge is the first study to compare clinical results of patients 
 

287 with isolated ACL reconstruction and ACL reconstruction associated with LPMRT repair to 
 

288 demonstrate improved outcomes and no significant difference at a minimum of two years 
 

289 follow-up. 
 

290 This study has some limitations. Patients were included retrospectively from a 
 

291 prospective database. Regarding objective criteria, no MRI control was done to evaluate 
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292 healing of the LPMRT. Two techniques of ACL reconstruction were performed (BPTB and QT) 
 

293 and there was no subgroup analysis. There was no control group “patients with LPMRT 
 

294 unrepaired”, but as literature suggests [6, 18, 40], it would have been a chance lost for the 
 

295 patient and not ethically defensible. Despite a minimum of two years follow up, outcomes 
 

296 such as development of arthrosis in both groups was not evaluated and would require a 
 

297 longer-term study. Another bias concerns the average follow-up of the patients. Indeed a 
 

298 mean follow-up 42.9 months is not sufficient to evaluate osteoarthritis. 
 

299 Despite a poor rate of pre operative diagnosis, the message given to patients 
 

300 upcoming for an ACL reconstruction is that if LPMRT is diagnosed and repaired 
 

301 intraoperatively, expected clinical and functional outcomes would be the same as an isolated 
 

302 ACL injury with intact menisci at a minimum of two years follow up according to our study. 

 
303  

 
304  

305  

306 Conclusion 

307  

308 At an minimum of two years follow-up (mean follow-up 42.9 months) , LPMRT repair 
 

309 during ACL reconstruction does not change the post-operative functional outcomes 
 

310 compared to isolated ACL reconstruction with intact menisci. 

 
311  

 
312  

 
313  

 
314  

 

315 Figure legend 

316  

317  

318 Fig. 1 Flowchart of the patient selection process 
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320 Table 1 Demographics, and clinical and surgical characteristics 

321  

322 Table 2 Post-operative clinical outcomes and complications 
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Figure 1 
 
 
 
 

 



 

Table 1 
 
 
 
 
 

 
Isolated ACL reconstruction group (Group A, n 

= 50) 

Combined ACL reconstruction and 

LPMRTs repair group (Group B, n = 50) 

P value 

Demography 

Age (mean) 

Sex, male/female 

 
28.1 ± 1.0 (matched) 

40/10 

 
29.7 ± 1.0 (matched) 

40/10 

 
NA 

NA 

Sport status 

sport type cutting pivot 

sport level (1/2/3/4/5) 
professional athlete 

 
39 

0/11/28/6/5 

10 

 
45 

2/4/34/7/3 

10 

 
n.s 
n.s 

Pre-operative scores 
   

IKDC (2/3/4) 5/30/15 (matched) 4/29/17 (matched) NA 

KOOS 
  

0.02 

Symptom 69.1 ± 2.2 60.1 ± 3.1 0.049 

Pain 68.3 ± 2.6 60.2 ± 3.1 n.s 
Daily 72.2 ± 2.8 64.5 ± 3.4 0.01 

Sport 43.9 ± 3.3 31.0 ± 3.4 n.s 
Quality of life 42.2 ± 3.6 33.8 ± 3.5 0.02 

Global 64.6 ± 2.3 55.9 ± 2.9  

   n.s 

ACLRSI 27.4 ± 3.0 29.3 ± 3.2 n.s 
TEGNER 5.6 ± 0.3 5.5 ± 0.2 n.s 

TELOS(mm) 6.0 ± 0.5 6.1 ± 0.5  

Pre-operative high grade 

Pivot-shift 

 
2 (4.0%) 

 
20 (40.0%) 

 
0.02 

Surgical technique 

nature of the graft : BTB/QT 

graft length, mm 
graft diameter, mm 

 
30/20 (matched) 

7.3 ± 0.1 
9.1 ± 0.1 

 
30/20 (matched) 

7.4 ± 0.1 
9.3 ± 0.1 

 
NA 
n.s 

n.s 

Duration of follow-up 

(months) 

 
41.0 

 
44.0 

 
n.s 



 

Table 2 
 
 
 
 
 

 
Isolated ACL repair group (Group A, n = 50) Combined ACL reconstruction and 

LPMRT repair group (Group B, n = 50) 

P value 

Post-op scores at last follow- 
   

up    

KOOS 84.1 ± 2.3 84.5 ± 2.2 n.s 

Symptom 86.3 ± 2.1 88.1 ± 2.1 n.s 

Pain 91.7 ± 1.5 92.4 ± 1.5 n.s 
Daily 75.2 ± 2.8 74.8 ± 2.8 n.s 
Sport 73.2 ± 3.0 76.3 ± 3.0 n.s 

Quality of life 85.6 ± 1.8 86.5 ± 1.8 n.s 

Global    

 66.8 ± 3.0 74.0 ± 2.9 n.s 

ACLRSI 5.3 ± 0.2 5.4 ± 0.2 n.s 
TEGNER 2.1 ± 0.3 2.6 ± 0.3 n.s 

TELOS    

 


