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Abstract 4 

Background: Medial meniscus (MM) posterior root repairs lead to favorable clinical outcomes in patients 5 

with MM posterior root tears (MMPRTs). However, there are few comparative studies in evaluating the 6 

superiority among several pullout repair techniques such as modified Mason-Allen suture, simple stitch, and 7 

concomitant posteromedial pullout repair. We hypothesized that an additional pullout suture at the MM 8 

posteromedial part would have clinical advantages in transtibial pullout repairs of the MMPRTs. The aim of 9 

this study was to compare the clinical usefulness among several types of pullout repair techniques in patients 10 

with MMPRTs. 11 

Methods: Eighty-three patients who underwent arthroscopic pullout repairs of the MMPRTs were 12 

investigated. Patients were divided into three groups using different pullout repair techniques: a modified 13 

Mason-Allen suture using FasT-Fix all-inside meniscal repair device (F-MMA, n = 28), two simple stitches 14 

(TSS, n = 30), and TSS concomitant with posteromedial pullout repair using all-inside meniscal repair device 15 

(TSS-PM, n = 25). Postoperative clinical outcomes and semi-quantitative arthroscopic meniscal healing 16 

scores (0−10 points) were evaluated at second-look arthroscopies. 17 

Results: No significant differences among the three groups were observed in patient demographics and 18 

preoperative clinical scores, except for preoperative Lysholm scores. At second-look arthroscopies, there 19 

were no significant differences among the three techniques in postoperative clinical outcomes and meniscal 20 

healing scores. 21 

Conclusions: This study demonstrated that the TSS-PM pullout repair technique did not show better scores in 22 

postoperative clinical outcomes and meniscal healings compared with the F-MMA and TSS techniques. Our 23 

results suggest that the concomitant posteromedial pullout suture may have no clinical advantage in the 24 

conventional pullout repairs for the patients with MMPRTs. 25 

  26 
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Introduction 27 

Medial meniscus posterior root tears (MMPRTs) induce a pathological extrusion of the medial 28 

meniscus (MM) and lead to rapid progression of knee osteoarthritis and/or unexpected occurrence of 29 

subchondral insufficiency fracture of the knee [1-5]. Therefore, accurate diagnosis and appropriate surgical 30 

intervention at an early stage are considered to be important in obtaining a successful clinical outcome and 31 

preventing rapid progression of degenerative knee joint diseases in patients with MMPRTs [1]. Previous 32 

studies demonstrate that arthroscopic MM posterior root repairs can achieve favorable clinical outcomes in 33 

the treatment of MMPRTs [6-9]. Several repair techniques such as transtibial pullout repair, suture anchor 34 

repair, and side-to-side all-inside repair of the MM posterior root have been developed for arthroscopic 35 

treatments of MMPRTs [1]. In transtibial pullout repairs for the MMPRTs, several suturing techniques such 36 

as modified Mason-Allen suture, two or three simple stitches, and simple stitches with an additional 37 

posteromedial pullout repair have been introduced [8-12]. However, there are few clinical studies for 38 

comparing the superiority among several MM posterior root repair techniques [9, 13-16]. 39 

A slight difference in clinical usefulness between surgical techniques is not detected by standard 40 

clinical outcome measurements of the knee. Lee et al. report that no differences between modified 41 

Mason-Allen suture and two or three simple stitches are observed in postoperative clinical outcomes 42 

following MM posterior root repairs [14]. In second-look arthroscopic evaluations after MM posterior root 43 

repairs, the healing status of repaired MM posterior root is often divided into four classifications composed 44 

of complete healing, lax healing, scar tissue healing, and failed healing [17, 18]. Furumatsu et al. proposed a 45 

semi-quantitative arthroscopic scoring system of meniscal healing following transtibial pullout repairs in 46 

patients with MMPRTs [19]. The Furumatsu meniscal healing scores correlate with some postoperative 47 

clinical evaluations, such as quality of life (QOL) subscale, visual analogue scale (VAS)-based pain score, 48 

and magnetic resonance imaging (MRI) finding [19, 20]. Image analyses using open MRI devices reveal that 49 

posteromedial extrusion of the MM during knee flexion is a serious pathological change in patients with 50 

MMPRTs [5, 21, 22]. Several authors demonstrate that conventional pullout repair techniques can reduce the 51 

MM posterior and/or posteromedial extrusion, regardless of the slight progression of MM medial extrusion 52 

[21-23]. Based on these findings, reducing an excessive posteromedial subluxation of the MM using some 53 

additional surgical techniques is considered to be important for obtaining better clinical outcomes and 54 
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superior meniscal healings in patients with MMPRTs [12]. We hypothesized that the additional 55 

posteromedial pullout repair technique concomitant with conventional two simple stitches (TSS) can achieve 56 

better clinical outcome scores by inducing superior meniscal healings, rather than the other two pullout 57 

repair techniques (modified Mason-Allen suture or TSS alone). The aim of this study was to compare clinical 58 

outcomes including the arthroscopic meniscal healing score among several types of MM posterior root repair 59 

techniques. 60 

 61 

Materials and Methods 62 

This study received the approval of our Institutional Review Board, and written informed consent 63 

was obtained from all patients. In total, 136 consecutive patients who were diagnosed with MMPRTs in MR 64 

images between May 2017 and May 2019 were initially enrolled in the study. Indications for transtibial 65 

pullout repair of the MMPRT were patients with continuous knee pain, the femorotibial angle ≤ 180˚, and 66 

Kellgren–Lawrence grade 0–2 in the absence of subchondral insufficiency fracture and severe cartilage 67 

degeneration. Consequently, 95 patients underwent MM posterior root repair during the study period, and 68 

constituted the initial study population (Fig. 1). Of these patients, patients who had concomitant anterior 69 

cruciate ligament reconstruction, concomitant surgery for the lateral meniscus tear, previous history of knee 70 

surgery, and no painful popping episode were excluded. Eighty-three MMPRT patients who had the 71 

posteromedial painful popping episode [24], isolated MM posterior root repair, and second-look arthroscopy 72 

were included (Fig. 1 and Table 1). All the included patients were diagnosed having the isolated MMPRT 73 

with MRI examinations [25] and met operative indications for MM posterior root repairs [26, 27]. Clinical 74 

data of the patients who underwent MM posterior root repairs using modified Mason-Allen suture or two 75 

simple stitches techniques were partially shared with our previous studies [9, 15, 19]. 76 

 77 

Surgical procedure and postoperative care 78 

An arthroscopic examination was performed through standard anteromedial and anterolateral 79 

portals. Types of the MMPRT were determined by careful arthroscopic examinations according to the 80 

meniscal root tear classification [28]. Patients were divided into three groups according to the difference in 81 

suture configuration and the time of surgery. A modified Mason-Allen suture pullout technique using 82 
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Ultrabraid and FasT-Fix all-inside meniscal repair device (Smith & Nephew, Andover, MA, USA) was 83 

performed in patients who underwent MM posterior root repair between May 2017 and January 2018 84 

(F-MMA group, Fig. 2A) [10, 29]. A two simple stitches (TSS) pullout technique using No. 2 polyethylene 85 

sutures such as Ultrabraid (n = 24) and FiberWire (n = 6, Arthrex, Naples, FL, USA) was performed patients 86 

who underwent MM posterior root repair between February 2018 and November 2018 (TSS group, Fig. 2B) 87 

[11, 30]. A TSS (Ultrabraid, 14; FiberWire, 11) concomitant with an additional posteromedial pullout repair 88 

using all-inside meniscal repair device, such as FasT-Fix (n = 15) and AIR (n = 10, Stryker, Kalamazoo, MI, 89 

USA), was performed in patients who underwent MM posterior root repair between November 2018 and 90 

April 2019 (TSS-PM group, Fig. 2C, D) [12]. Two experienced surgeons (TF and YuK) performed MM 91 

posterior root repairs. Surgical procedures of 76 cases were performed by the most experienced surgeon (TF). 92 

Seven patients were treated by YuK under the technical support with TF during operation. A 4.0- or 4.5-mm 93 

tibial tunnel was created by aiming an accurate placement of the tunnel aperture at a native attachment of the 94 

MM posterior root using an MMPRT aiming guide (Smith & Nephew) or Unicorn Meniscal Root guide 95 

(Arthrex) [27, 31]. Tibial fixation of the pullout sutures was performed using double-spike plate (Meira, 96 

Aichi, Japan) or interference screw at 20˚−45˚of knee flexion with an initial tension of 20−30 N. After the 97 

pullout repair, patients were initially kept non-weight bearing in the knee immobilizer for 2 weeks. Between 98 

2 and 4 weeks, knee flexion exercise is gradually increased up to 90˚ under partial weight bearing condition. 99 

At 6 weeks postoperatively, patients were allowed full weight bearing and 120˚ of knee flexion. Daily 100 

activities accompanied by a high knee flexion and sports were not allowed for 3 months postoperatively. 101 

 102 

MRI evaluation for meniscal extrusion 103 

MRI evaluation was performed using an Achieva 1.5 T (Philips, Amsterdam, The Netherlands) with 104 

a knee coil. Standard sequences included sagittal [repetition time (TR)/echo time (TE) 742/18], coronal 105 

(TR/TE 637/18), and axial (TR/TE 499/18) T2-weighted fast-field echo with a 20° flip angle (FA). Slice 106 

thickness was 3 mm with a 0.6-mm gap. Field of view (FOV) was 16 (or 17) cm with an acquisition matrix 107 

size of 205 × 256 (or 200 × 368) [2, 3, 25]. Medial extrusion of the MM was measured on the coronal image 108 

that crossed the midpoint of the anteroposterior length of the MM. MM extrusion was determined as the 109 

distance from the medial margin of the tibial plateau to the outer border of the MM. Two orthopaedic 110 
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surgeons independently measured the MM extrusion in a blinded manner. Each observer performed each 111 

measurement twice, at least 2 weeks apart. The reliability of the measurements was assessed by examining 112 

the inter-observer and intra-observer reliabilities with the intra-class correlation coefficient (ICC). An ICC > 113 

0.80 was considered to represent a reliable measurement. 114 

 115 

Clinical outcome evaluation 116 

 Preoperative and postoperative clinical evaluations were performed at the time of pullout repair 117 

(preoperative score, Table 2) and second-look arthroscopy (postoperative score, Table 3). We assessed 118 

clinical outcomes using the Lysholm knee score, Tegner activity score, VAS-based pain score, International 119 

Knee Documentation Committee (IKDC) subjective knee evaluation form, and Japanese Knee Injury and 120 

Osteoarthritis Outcome Score (KOOS). The KOOS consists of five subscales: pain, symptoms, activities of 121 

daily living (ADL), sport and recreation function (Sport/Rec), and knee-related QOL. Pain intensity of the 122 

knee was assessed with a 100-mm VAS, ranging from 0 mm (no pain) to 100 mm (worst possible pain). 123 

 124 

Second-look arthroscopic scoring system 125 

 Second-look arthroscopic evaluation and fixation device removal were performed in all patients at 126 

a mean of 13.7 months postoperatively. We explained the necessity of metal implant removal (double-spike 127 

plate and/or screw) and second-look arthroscopy to the patients at primary informed consent for pullout 128 

repairs. All the patients accepted the importance of evaluating the meniscal healing by second-look 129 

arthroscopy and expected to remove the metal implant simultaneously. Meniscal healing status was assessed 130 

according to the Furumatsu scoring system (Table 4) [19]. This semi-quantitative arthroscopic scoring 131 

system is composed of 3 evaluation criteria: anteroposterior width, stability, and synovial coverage of the 132 

repaired MM posterior root (perfect score, 10 points). In the anteroposterior meniscal width, 4, 2, and 0 133 

points were assigned to broad (> 5 mm), narrow (2-5 mm), and filamentous (< 2 mm) bridging tissues, 134 

respectively. We measured the width of repaired meniscal tissue at an expected junction between the MM 135 

posterior horn and posterior root (approximately 10 mm from the native posterior root attachment). In the 136 

posterior root stability, 4, 3, 2, 1, and 0 points were set according to the status of lifting and/or anterior 137 

drawing of the meniscal root on probing. In the synovial coverage, good (2 points), fair (1 point), and poor (0 138 
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point) suture coverages were determined by arthroscopic findings [19]. Separate and/or repeated evaluations 139 

of the meniscal healing by multiple surgeons were not performed in a blinded manner although the meniscal 140 

healing status was assessed by at least two orthopaedic surgeons. The most experienced surgeon in an 141 

operation team decided the healing score finally with a spot consultation. 142 

 143 

Statistical analysis 144 

Data were presented as a mean ± standard deviation. Differences between the F-MMA, TSS, 145 

TSS-PM groups were investigated using one-way analysis of variance with Tukey’s post-hoc test. 146 

Differences in gender ratio and root tear classification were evaluated using the Fisher’s exact test. 147 

Differences between the preoperative and postoperative clinical outcome scores were compared using the 148 

Wilcoxon signed-rank tests. Statistical analyses were performed using EZR (Saitama Medical Center, 149 

Saitama, Japan), which is a graphical user interface for R (The R Foundation for Statistical Computing). 150 

Significance was set to P < 0.05. 151 

 152 

Results 153 

Ninety-five patients (out of 136 patients) underwent arthroscopic pullout repairs (Fig. 1). Of these 154 

95 patients, 12 patients were excluded. No patients were lost during the follow-up period. Eighty-three 155 

patients were included in this study. There were no patients who lacked postoperative follow-up and 156 

second-look arthroscopy. No revision surgery was required during the follow-up period (Fig. 1). A mean age 157 

of the patients was 63.7 years (range, 42−78 years) at the pullout repair. A mean of preoperative MM 158 

extrusion was 3.9, 3.3, and 3.2 mm in the F-MMA, TSS, and TSS-PM repair groups, respectively. The 159 

inter-observer and intra-observer reliabilities for the measurements of MM extrusion were considered 160 

satisfactory (each ICC value > 0.91). No significant differences among the three pullout repair groups were 161 

observed in patient demographics, preoperative MM extrusion, and preoperative clinical scores, except for 162 

preoperative Lysholm knee scores (Table 1, 2). The Lysholm score in the F-MMA group was slightly higher 163 

than that in the TSS group at preoperatively. 164 

Postoperative follow-up period was a mean of 16.6 months (range, 12−30 months). All the three 165 

pullout repair techniques significantly improved postoperative clinical outcome scores in patients with 166 
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MMPRTs (Table 2, 3, Fig. 3, P < 0.01). However, there were no significant differences among the three 167 

techniques in postoperative clinical outcomes (Table 3). Duration from pullout repair to second-look 168 

arthroscopy was a mean of 13.7 months (range, 12−18 months). At second-look arthroscopies, there were no 169 

significant differences among the three techniques in meniscal healing scores (Table 3). There were no 170 

patients who showed 0−2 points of meniscal healing scores at second-look arthroscopies (Fig. 4). 171 

 172 

Discussion 173 

The most important finding in this study was that the TSS-PM pullout repair technique did not 174 

show better scores in postoperative clinical outcomes and meniscal healings compared with the F-MMA and 175 

TSS techniques. However, postoperative clinical outcomes and arthroscopic meniscal healings were equally 176 

improved by the three pullout repair techniques in patients with MMPRTs. Our results suggest that the 177 

concomitant posteromedial pullout suture with the TSS may have no clinical advantage compared with the 178 

conventional pullout repairs for the patients with MMPRTs. 179 

Arthroscopic pullout repairs of the MMPRTs can reduce a mean tibiofemoral contact pressure by 180 

increasing a tibiofemoral contact area in a human cadaveric knee study [32]. Previous studies demonstrate 181 

that MM posterior root repairs lead to favorable clinical outcomes in patients with MMPRTs [7-9, 15]. 182 

However, the healing status of the MM at second-look arthroscopy is not associated with improved clinical 183 

scores following surgical treatment of the MMPRT [17, 18]. We consider that the reason why the 184 

improvement of clinical outcome scores showed no association with arthroscopic meniscal healing status 185 

may be caused by qualitative evaluations of second-look arthroscopic findings. Furumatsu et al. report that 186 

the semi-quantitative scoring system of meniscal healing, ranging from 0 to 10, shows good correlation with 187 

the KOOS QOL score and moderate correlation with VAS-based pain score following MM posterior root 188 

repairs [19]. In addition, they demonstrate that the F-MMA technique obtains better Furumatsu meniscal 189 

healing scores and superior clinical outcomes compared with single FasT-Fix pullout repairs in patients with 190 

MMPRTs [9]. On the other hand, Hiranaka et al. have reported that no significant difference was seen in the 191 

meniscal healing score between the F-MMA and TSS groups at second-look arthroscopy [15]. In the present 192 

study, there were no significant differences among the three techniques in the Furumatsu meniscal healing 193 

scores (Table 3). Meniscal healing scores of the TSS group were similar to those of the F-MMA or TSS-PM 194 
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group. Based on these findings, we consider that the Furumatsu meniscal healing score may be possibly 195 

useful to evaluate the clinical superiority between two relatively different surgical procedures, instead of 196 

among three or more groups. Further investigations based on a large sample size will be required to precisely 197 

assess the usefulness of arthroscopic meniscal healing score. 198 

In biomechanical studies using meniscal tissues, modified Mason-Allen sutures exhibit greater 199 

failure loads than the TSS techniques [29, 33, 34]. The modified Mason-Allen suture showed the highest 200 

maximum load to failure (a mean of 335 N) compared with the TSS (236 N), two modified loop/cinch 201 

stitches (250 N), and horizontal mattress suture (280 N) [33]. However, maximum failure loads of the native 202 

MM posterior root attachments are extremely greater than those of several suturing techniques (3.8−10.6 203 

times higher than those of the TSS) [35, 36]. LaPrade et al. describe that all suturing techniques would have 204 

ultimate failure loads above the currently accepted rehabilitation force threshold [34]. We consider that a 205 

suture pullout/cutout may occur if an excessive mechanical stress acts on the suturing site of the MM [33-35]. 206 

Non-anatomic repairs of the MM posterior root cannot restore the contact pressures to that of the intact knee 207 

or anatomic repair [32]. The distance between the MM posterior root attachment and tibial tunnel center for 208 

pullout repair seems to be correlated with postoperative meniscal healing status [37, 38]. Clinical outcomes 209 

and meniscal healings following MM posterior root repairs may be also affected by the tibial tunnel position. 210 

Clinical outcomes of MM posterior root repairs are superior to those of partial meniscectomy and 211 

non-operative management in patients with MMPRTs [6]. Pullout repairs of the MM posterior root 212 

significantly improve the clinical scores involved in the Lysholm knee, KOOS, and IKDC scores [7-9, 15]. 213 

In this study, improvements of postoperative clinical scores in the TSS-PM group were equivalent to those in 214 

the other surgical technique groups. The status of the MM extrusion can affect postoperative clinical 215 

outcome of the MM posterior root repair [3]. Patients with decreased MM extrusion following MM posterior 216 

root repairs have more favorable clinical outcomes and radiographic findings at 5-year follow-up than those 217 

with increased MM extrusion at 1 year postoperatively [7]. Several authors report that the F-MMA, TSS, and 218 

TSS-PM pullout repairs decrease medial and/or posteromedial extrusion of the MM in patients with 219 

MMPRTs [21, 22]. In addition, no significant progression of cartilage damage is observed at second-look 220 

arthroscopy in the F-MMA and TSS pullout repair groups [15]. Based on these findings, the three transtibial 221 

pullout repair techniques would be useful to obtain favorable clinical outcomes and preserve the knee 222 
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cartilage status during the mid-to-long-term follow-up periods. On the other hand, Ulku et al. describe that 223 

the difference between TSS technique and two modified loop stitches in the reduction of MM extrusion does 224 

not create any differences in clinical outcomes at a mean of 44.6-months follow-up periods [16]. In our study, 225 

the TSS-PM pullout repair technique did not induce better clinical outcomes and superior meniscal healings 226 

compared with the F-MMA and TSS techniques. We consider that the additional pullout suture using 227 

all-inside meniscal repair device at the posteromedial corner of the MM might be limitedly effective in the 228 

prevention of the MM posteromedial extrusion during knee flexion. Further studies will be needed to 229 

estimate the effect of several pullout repair techniques on the prevention of cartilage degradation. Our results 230 

suggest that the additional posteromedial pullout suture using all-inside meniscal repair device may have no 231 

clinical disadvantage in arthroscopic pullout repairs for the patients with MMPRTs. Surgeons can choose one 232 

of these suture configurations in accordance with the status of the MM posterior horn. 233 

There are several limitations in this study. This study was a retrospective comparative study with 234 

the short-term follow-up period. A randomized prospective study would be useful to distinguish a real 235 

clinical advantage among the three surgical techniques. Meniscal healing scores were determined by the 236 

surgeon himself who performed most of repair surgeries. The localization of tunnel apertures on the tibial 237 

surface was not assessed in this study. Tunnel positions seem to affect the meniscal healing status following 238 

MM posterior root repair [37]. There was a possibility that the improvement of surgical skills and 239 

instruments may affect postoperative clinical outcomes in each group. In addition, minor transitions of 240 

treatment strategy may induce unexpected effects on clinical outcomes. Posteromedial extrusion of the MM 241 

was not investigated using open MRI examinations in the knee-flexed position. In addition, progression of 242 

knee osteoarthritis was not evaluated among the three surgical techniques in radiographic and arthroscopic 243 

findings. Further investigations will be required to understand the relationships between each surgical 244 

technique and postoperative progression of knee osteoarthritis in patients who underwent MM posterior root 245 

repairs. 246 

 247 

Conclusions 248 

This study demonstrated that the TSS-PM pullout repair technique did not show better scores in 249 

postoperative clinical outcomes and meniscal healings compared with the conventional F-MMA and TSS 250 
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techniques. Our results suggest that the additional posteromedial pullout suture using all-inside meniscal 251 

repair device may have no clinical advantage in arthroscopic pullout repairs for the patients with MMPRTs in 252 

short-term follow-up. 253 
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Figure legends 374 

 375 

Fig. 1. Flow diagram of patients included in this study. 376 

 377 

Fig. 2. Pullout repair techniques. (A) A modified Mason-Allen suture pullout using #2 polyethylene and 378 

FasT-Fix (F-MMA). (B) Two simple stitches using #2 polyethylene (TSS). (C) TSS and the posteromedial 379 

(PM) pullout suture using an all-inside meniscal repair device (TSS-PM). Arrows indicate MMPRTs of the 380 

right knees. Note that the free-end suture of all-inside meniscal repair device was preserved and used for 381 

pullout repair. (D) A schematic illustration of the TSS-PM pullout repair technique (right knee). Green and 382 

orange lines denote #2 polyethylene sutures in the TSS configuration. Blue line, PM pullout suture using 383 

FasT-Fix. PCL, posterior cruciate ligament. 384 

 385 

Fig. 3. Comparison between preoperative and postoperative clinical scores. Clinical scores in the F-MMA 386 

(A), TSS (B), and TSS-PM (C) groups. Light gray bars, preoperative scores. Dark gray bars, postoperative 387 

scores. * P < 0.01. 388 

 389 

Fig. 4. Arthroscopic meniscal healing scores (the Furumatsu scores) in each group. (A) F-MMA pullout 390 

repair. (B) TSS pullout repair. (C) TSS-PM pullout repair. 391 
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Table 1. Patient demographics 

 F-MMA TSS TSS-PM P value 

Number of patients 28 30 25  
Gender, men/women 6/22 5/25 10/15 0.138a 
Age, years 63.9 ± 9.4 65.0 ± 7.0 61.7 ± 10.3 0.414 
Height, m 1.58 ± 0.08 1.56 ± 0.08 1.60 ± 0.10 0.349 
Body weight, kg 64.1 ± 10.4 60.4 ± 11.0 69.3 ± 19.8 0.080 
Body mass index, kg/m2 25.7 ± 3.3 24.6 ± 2.9 26.6 ± 4.9 0.133 
Duration from injury to surgery, days 87.6 ± 55.8 84.0 ± 67.2 71.3 ± 53.9 0.642 
Medial meniscus extrusion, mm 3.9 ± 0.7 3.3 ± 1.3 3.2 ± 0.9 0.108 
Root tear classification 

Type 1/2/3/4/5 
 

1/24/0/3/0 
 

3/23/0/4/0 
 

2/21/0/2/0 
 
0.891a 

Data of age, height, body weight, body mass index, and duration are displayed as a mean ± standard deviation. 
Statistical differences in age, height, body weight, body mass index, and duration between three groups were 
analyzed using one-way analysis of variance. a Fisher’s exact test. F-MMA, modified Mason-Allen suture 
using FasT-Fix. TSS, two simple stitches. TSS-PM, TSS concomitant with posteromedial pullout repair. 
  



 
Table 2. Preoperative clinical scores 

 F-MMA (n = 28) TSS (n = 30) TSS-PM (n = 25) P value 

Lysholm knee score 61.7±11.0 54.6±9.1 58.3±7.1 0.044b 
Tegner activity score 1.8±1.1 1.1±1.0 1.6±0.8 0.073 
Pain score (VAS) 42.1±27.8 44.8±22.4 35.0±26.5 0.420 
IKDC score 41.3±18.6 33.2±13.9 34.4±14.5 0.178 
KOOS     

Pain 50.0±25.6 56.1±17.3 57.8±12.5 0.380 
  Symptoms 64.6±21.8 61.9±19.3 58.8±18.1 0.628 
  ADL 66.7±21.9 62.1±19.2 67.5±16.3 0.600 
  Sport/Rec 27.8±26.3 20.8±22.3 22.4±22.7 0.578 
  QOL 34.5±22.5 23.6±16.0 24.1±16.8 0.093 

VAS, visual analogue scale. IKDC, International Knee Documentation Committee. KOOS, Knee Injury and 
Osteoarthritis Outcome Score. ADL, activities of daily living. Sport/Rec, sport and recreation function. QOL, 
knee-related quality of life. Data are displayed as a mean ± standard deviation. b Significant differences 
between F-MMA and TSS groups were detected using Turkey test. F-MMA, modified Mason-Allen suture 
using FasT-Fix. TSS, two simple stitches. TSS-PM, TSS concomitant with posteromedial pullout repair. 
  



 
Table 3. Postoperative clinical scores 

 F-MMA 
(n = 28) 

TSS 
(n = 30) 

TSS-PM 
(n = 25) 

P value 

Lysholm knee score 85.2±10.9 86.0±7.5 88.1±6.7 0.549 
Tegner activity score 2.7±1.0 3.0±0.9 3.3±0.7 0.138 
Pain score (VAS) 11.3±14.4 11.4±11.3 10.9±11.5 0.993 
IKDC score 64.5±15.3 65.2±10.6 64.4±11.1 0.973 
KOOS     

Pain 83.2±14.9 81.2±13.7 86.3±11.0 0.463 
  Symptoms 78.4±15.5 79.1±14.4 74.4±13.8 0.541 
  ADL 86.4±11.3 85.0±14.6 86.9±8.0 0.855 
  Sport/Rec 53.3±25.4 49.8±26.8 43.6±29.0 0.505 
  QOL 56.4±22.7 61.5±22.4 64.3±15.0 0.443 
Meniscal healing score (0−10 points) 6.1±1.6 6.7±1.9 7.0±1.2 0.142 

VAS, visual analogue scale. IKDC, International Knee Documentation Committee. KOOS, Knee Injury and 
Osteoarthritis Outcome Score. ADL, activities of daily living. Sport/Rec, sport and recreation function. QOL, 
knee-related quality of life. Data are displayed as a mean ± standard deviation. F-MMA, modified 
Mason-Allen suture using FasT-Fix. TSS, two simple stitches. TSS-PM, TSS concomitant with posteromedial 
pullout repair. 
  



 
Table 4. Arthroscopic scoring system of meniscal healing (Furumatsu score) 

Anteroposterior width of 
bridging tissue 

Stability of the medial meniscus posterior root Synovial coverage 

4 Broad (> 5 mm) 4 Good No lifting on probing (20˚ of flexion) 2 Good 
Almost covered 

 3 Fair Lifting on probing (20˚ of flexion) 
No lifting on probing (60˚ of flexion) 

 

2 Narrow (2−5 mm) 2 Loose Lifting on probing (60˚ of flexion) 
No anterior drawing (20˚ of flexion) 

1 Fair 
 Partially covered 

 1 Useless Anterior drawing (20˚ of flexion)  
    
0 Filamentous (< 2 mm) 0 Detached Totally unstable 0 Poor 
    Exposed or ruptured 

Numbers in bold denote each score. Width, 0/2/4 points. Stability, 0/1/2/3/4 points. Coverage, 0/1/2 points. 
Perfect score, 10 points. 



Figure 1

Patients who was diagnosed with MMPRTs in MR 
images between May 2017 and April 2019 (n = 136)

Patients who underwent MM posterior root repair 
between May 2017 and April 2019 (n = 95)

Patients outside the indication of MM posterior root 
repair (n = 33)
• Femorotibial angle > 180˚
• Kellgren-Lawrence grade 3/4
• Subchondral insufficiency fracture of the knee
• Severe cartilage loss of the medial compartment

Final cohort (n = 83)

• Lost to follow-up (n = 0)
• Without second-look arthroscopy (n = 0)
• Conversion to knee arthroplasty (n = 0) 

Excluded (n = 12)
• Without the painful popping episode
• Concomitant anterior cruciate ligament reconstruction
• Concomitant surgery of the lateral meniscus
• Previous history of knee surgery

Patients who wanted to have non-operative management 
(n = 8)
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