1 Semi-quantitative arthroscopic scoring system is related to clinical outcomes in patients

2 after medial meniscus posterior root repair



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

Abstract

Background: Different methods are available to assess the healing status of repaired root for

medial meniscus posterior root tears (MMPRT) using second-look arthroscopy. However, few

studies are comparing them or validating their usefulness. Therefore, it was hypothesized that

the semi-quantitative arthroscopic score might correlate more with 1-year clinical outcomes

in patients with MMPRT than the qualitative evaluation.

Methods: Data of 61 patients who underwent MMPRT pullout repair and second-look

arthroscopy were retrospectively evaluated. The semi-quantitative arthroscopic scoring

system was divided into three evaluation criteria: scores from 0 to 10 points include the width

of the bridging tissue, stability of the repaired root, and synovial coverage. The qualitative

evaluation was classified into 4 status; complete healing, lax healing, scar tissue healing, and

failed healing according to the stability and mobility of the repaired root. Multivariate linear

regression analyses were used to identify predictors of 1-year postoperative clinical outcomes,

including Knee Injury and Osteoarthritis Outcome, Lysholm, or International Knee

Documentation Committee scores. Spearman's correlation analysis was used to analyze the

correlation between second-look arthroscopic score/qualitative evaluation and 1-year

postoperative clinical outcomes. In addition, the optimal cutoff point of semi-quantitative

arthroscopic score was determined by receiver operating characteristic (ROC) curve. The

Mann-Whitney U test was used to compare clinical outcomes between patients with

semi-quantitative arthroscopic scores > 8 and scores < 8.
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Results: All clinical scores significantly improved 1-year postoperatively. A good correlation

was observed between the semi-quantitative score and clinical scores, but none between

qualitative evaluation and clinical scores. The optimal cutoff point of semi-quantitative

second-look arthroscopic score was 8 points. Significantly, better clinical outcomes were

observed in patients with semi-quantitative scores > 8 points.

Conclusions: All postoperative clinical scores were significantly improved. The

semi-quantitative arthroscopic score correlates with 1-year clinical outcomes in patients with

MMPRT than the qualitative evaluation.

Level of evidence: IV case series study.
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1. Introduction

The meniscus transfers load and absorbs shock [1]. It increases the contact surface area

between the femoral condyle and the tibial plateau, further playing an important role in

maintaining the biomechanical stability of the knee joint as the collagen fibers of the

meniscus maintain hoop tension under the pressure, which conducts the load [2]. Medial

meniscus (MM) posterior root tear (PRT) results in loss of hoop tension, which loses the load

transmission of the meniscus , leading to cartilage degeneration and the progression of

osteoarthritis [3].

The treatment of MMPRT has been improved using several techniques [4-6]. Arthroscopic

transtibial pullout repair reduces tibial-femoral contact pressure by increasing the contact area,

which has achieved satisfactory clinical results [7, 8]. In qualitative second-look arthroscopic

evaluation, some researchers have classified 4 healing statuses of the meniscus as complete

healing, lax healing, scar healing, and failed healing [9] or 3 healing statuses as complete

healing, partial healing, and retear [10]. Seo et al. found that the healing status of the repaired

meniscus through qualitative second-look arthroscopic evaluation did not seem to be related

to the improvement of clinical symptoms [9]. In order to further explore the relationship

between repair status and postoperative clinical outcomes, Furumatsu et al. described a

semi-quantitative scoring system that is used to evaluate healing status, showing a good

correlation between arthroscopic score and clinical evaluations, such as quality of life (QOL)

score and visual analogue scale (VAS) pain score [11].

There is no unified standard for evaluating the healing status of the repaired meniscus or
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verifying its correlation with clinical outcomes. Therefore, our study investigated the

correlation between semi-quantitative arthroscopic scores and clinical outcomes compared to

qualitative evaluation. It was hypothesized that the semi-quantitative arthroscopic score might

correlate more with 1-year clinical outcomes in patients with MMPRT than the qualitative

evaluation.

2. Materials and methods

2.1. Patients

This study received the approval of our Institutional Review Board. The written informed

consent was obtained from all patients. Between December 2016 and June 2019, 68

consecutive patients underwent pullout sutures for MMPRT. All patients were diagnosed as

MMPRT using magnetic resonance imaging (MRI). The indications for patient selection were

as follows: patients with continuous knee pain, varus alignment < 5°, MRI revealed a ghost

sign, radial tear sign, cleft sign, or giraffe neck sign. The exclusion criteria were: follow-up

time < 1 year, Kellgren—Lawrence grade > 3 with severe cartilage degeneration, previous

history of meniscus injury or knee surgery.

2.2. Surgical technique and postoperative rehabilitation

Arthroscopy was performed using conventional anteromedial and anterolateral portals.

According to the PRT classification [12], the type of MMPRT was determined by arthroscopy.

Three suture techniques were used: FasT-Fix dependent modified Mason-Allen suture
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(F-MMA), two simple stitches (TSS), TSS with additional posteromedial suture (TSS-PM).

The F-MMA suture was performed in patients using Ultrabraid and FasT-Fix all-inside

meniscal repair device (Smith & Nephew, Andover, MA, USA) and screw (Meira, Aichi,

Japan) with the knee flexed at 45° and 20 N between December 2016 and December 2017.

The TSS was performed in patients using two No. 2 polyethylene sutures and a bioabsorbable

interference screw (Smith & Nephew) between January 2018 and November 2018. Finally,

the TSS-PM was performed in patients with an additional posteromedial pullout repair using

an all-inside meniscal repair device (FasT-Fix) between November 2018 and June 2019.

Using the MMPRT aiming guide (Smith & Nephew, Andover, MA, USA), a tibial tunnel with

a diameter of 4.0 or 4.5 mm was created at the anatomical insertion of the MM posterior root .

Tibial fixation was performed at 20°-45° knee flexion with an initial tension of 20-30 N.

During rehabilitation, the patients were initially kept at partial weight bearing 2 weeks

postoperatively. After 2 weeks postoperatively, partial weight bearing (20 kg) was allowed to

progress to full weight bearing (+ 20 kg/week). At 4-6 weeks postoperatively, most patients

were allowed full weight-bearing (depending on the patient's weight). Patients were allowed

30° of knee flexion at 2 weeks, 60° of knee flexion at 3 weeks, and 90° of knee flexion at 4

weeks postoperatively. Knee flexion was permitted to reach 90° at 8 weeks and 120° in the

next 4 weeks postoperatively. Deep flexion was restricted at 12 weeks postoperatively. Sports

activity such as jogging was allowed after MRI evaluation of the repaired MM posterior root

at 12 weeks postoperatively.

2.3. Assessment methods
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The clinical outcomes were evaluated 1-year postoperatively using the International Knee

Documentation Committee (IKDC) score, Knee Injury and Osteoarthritis Outcome Score

(KOOS), Lysholm score, Tegner activity score, and pain visual analog scale (VAS). The

KOOS includes pain, symptoms, activities of daily living (ADL), sport and recreation

activities (Sport/rec), and knee-related quality of life (QOL) outcomes. Lysholm score is an

overall score on a point scale from 0 to 100 which has a generally recognized and accepted

classification standard. An assignment is given as “excellent” for 95 to 100 points; “good” for

84 to 94 points, “fair” for 65 to 83 points, or “poor” for less than 65 points as described [13].

We defined the “excellent” and “good” patients as the improved group, and the “fair” and

“poor” patients as the moderate group at 1-year postoperatively.

All patients were re-examined by second-look arthroscopy. The semi-quantitative

arthroscopic scoring system was described [11] and divided into three evaluation criteria: (1)

the anterior and posterior width of the bridging tissue between the posterior horn of MM and

the root attachment, (2) the stability of the posterior root of the repaired MM, and (3) the

synovial coverage of the suture (Table2). The width of the anterior and posterior meniscus

was defined as broad (> 5 mm, 4 points), narrow (2—5 mm, 2 points), and filamentous (< 2

mm, 0 point) bridging tissue (Figure 1). During 20° or 60° knee flexion exploration, the

stability of the MM posterior root was evaluated by meniscus lifting and anterior drawing

(Figure 2). Good stability (4 points) was defined as continuous meniscus without lifting on

probing during 20° knee flexion. Fair stability (3 points) was defined as the root that was not

raised at knee flexion of 60°, regardless of the degree of lifting during 20° knee flexion. The

loose state (2 points) was defined as the repaired posterior root with lifting at 60° knee flexion
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and no anterior drawing at 20° knee flexion. Useless meniscus continuity (1 point) was

defined as bridging tissue with anterior drawing during 20° knee flexion. Posterior root

separation was defined as a completely unstable state (0 point). In synovial coverage, the

suture coverage rates of good (2 points), fair (1 point), and poor (0 points) were determined

by the results of arthroscopy (Figure 3). The score of perfect meniscus healing was 10 points.

The patients were also evaluated using qualitative methods as described above [9].

Patients with a stability score of 4 points were designated as the complete healing group; 2—-3

points, lax healing group; 1 point, scar tissue healing group; 0 point, failed healing group.

Each category, such as width, stability, and synovial coverage, was evaluated on-the-spot

consultation during surgery.

2.4. Statistical analysis

Statistical analysis was performed using SPSS Statistics, version 25.0 (IBM Corp.,

Armonk, NY, USA). Data are expressed as mean + standard deviation (SD). Multivariate

linear regression analyses were used to assess potential associations. Spearman's correlation

analysis was used to analyze the correlation between second-look arthroscopic

score/evaluation and 1-year postoperative clinical outcomes. Receiver operating characteristic

(ROC) curve analysis was used to determine the cutoff value of semi-quantitative

arthroscopic score. The Mann-Whitney U test was used to compare clinical outcomes

between patients with semi-quantitative arthroscopic scores > 8 and scores < 8. A difference

of P <0.05 was considered statistically significant.
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3. Results

Postoperative second-look arthroscopic evaluation was performed in all cases at 1-year.

Among the 68 patients, four patients with history of meniscus knee surgery and three patients

with radiographic knee osteoarthritis of Kellgren—Lawrence grade > 3 were excluded; the

remaining 61 (14 men and 47 women) were enrolled in the current study for analysis. In the

qualitative evaluation, 5 knees with complete healing, 54 knees with lax healing, and 2 knees

with scar tissue healing, whereas no failed healing was found.

Table 1 shows the demographic and baseline characteristics of the 61 patients. The 1-year

postoperative KOOS were significantly higher than preoperative KOOS (P < 0.01), which

included pain (77.53 £ 14.48 vs. 56.00 &+ 20.54), symptoms (71.94 + 16.26 vs. 63.94 = 19.43),

ADL (81.87 + 14.04 vs. 66.16 + 20.76), Sport/rec (49.71 + 25.42 vs. 26.12 + 24.75), and QOL

(53.87 £20.73 vs. 30.16 + 18.58). Compared to preoperative scores, the 1-year postoperative

Lysholm scores (85.04+ 9.36 vs. 59.28 + 12.86) and IKDC scores (60.32 + 15.22 vs. 38.25 +

16.31) significantly increased (P < 0.01), whereas VAS pain (13.69 + 14.22 vs. 40.12 £+ 26.72)

was significantly decreased (P < 0.01). All the 1-year postoperative clinical scores were

significantly improved compared to the preoperative scores (Figure 4).

There was no significant difference in the I-year clinical scores and semi-quantitative

arthroscopy scores among F-MMA, TSS, and TSS-PM (Table 3). The semi-quantitative score

was more significantly related to the clinical scores than other factors such as age, BMI,

MMPRT classifications and surgical techniques at l-year postoperatively (Table 4). In

addition, semi-quantitative second-look arthroscopic scores were significantly correlated with

1-year postoperative clinical scores and stability was more correlated with clinical scores than
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the width and synovial coverage in the sub-scores (Table 5). However, no correlation was

observed between qualitative arthroscopic evaluation and most clinical scores (Table 5).

Sixty-one patients were divided into 2 groups based on Lysholm scores, 42 patients in

improved group and 19 patients in moderate group. The optimal semi-quantitative

second-look arthroscopic score was 8 according to ROC curve (Figure 5). In the

semi-quantitative evaluation, there were 22 patients with semi-quantitative scores > 8 and 39

patients with semi-quantitative scores < 8. Significantly better clinical outcomes were

observed in patients with semi-quantitative scores > 8 points (Table 6). No statistically

significant difference was observed in clinical scores between complete healing and lax

healing in qualitative arthroscopic evaluation (Table 7).

4. Discussion

The most important finding of this study was that the semi-quantitative arthroscopic score

correlates more with 1-year clinical outcomes in patients with MMPRT than the qualitative

evaluation. In addition, patients with semi-quantitative scores > 8 points had better clinical

outcomes than those < 8 points, whereas no significant difference was found in complete

healing and lax healing using qualitative arthroscopic evaluation.

MMPRT is prone to occur when the patient is descending, exercising, or twisting the knee

joint [14]. Severe knee varus is also a risk factor for MMPRT to increase the contact pressure

on the medial compartment of the knee joint and accelerate the progression of OA, which is

predictive for a clinical failure after MMPRT [15]. For cases of severe knee varus alignment,

10
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it may be necessary to perform high tibial osteotomy to improve postoperative knee function
[16]. The treatment of MMPRT has been improved [4, 17]. Arthroscopic partial
meniscectomy has a certain effect on relieving symptoms in most patients although it can
hardly restore the function of the meniscus [10]. Transtibial pullout repair has significantly
achieved satisfactory clinical results and restored meniscus function [8, 18]. It can improve
tibiofemoral contact area and reduce the symptoms of the knee, which can delay the
progression of knee osteoarthritis [19]. The F-MMA sutures has the largest failure load,
greater than the TSS technique [20]. However, excessive mechanical stress on the MM’s
suture part may result in a cut or pullout [21]. In a 1-year postoperative evaluation, the
TSS-PM technique did not show better clinical scores and meniscal healings than the F-MMA
and TSS techniques [22]. This indicates that different suture techniques have no significant
effect on clinical scores. MM extrusion and cartilage injury will progress rapidly after
MMPRT, and pullout repair should be carried out as soon as possible [23]. Although surgery
did not significantly reduce the medial MME, it can significantly reduce the posterior MME
and improve the clinical outcomes [24]. Similarly, the progression of OA cannot be
completely suppressed, but clinical results can be significantly improved [25].

The healing status of the repaired root is an important therapeutic index for restoring the
anatomy and function of the meniscus, but the correlation between the second-look
arthroscopic score and clinical outcomes remains uncertain [26]. Some studies have suggested
that there is no correlation between healing status and clinical scores [9, 10]. However, these
studies used a qualitative evaluation of healing status and sample sizes were small. Furumatsu

et al. reported that the semi-quantitative arthroscopic score (total 10 points) was significantly

11
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correlated with clinical outcomes (KOOS QOL) when more patients were included [11]. In

this study, the stability of the MM repaired root (0-4 points) had more correlation with clinical

scores than other factors. The stability of MM posterior root is directly related to the extrusion,

which causes cartilage damage and accelerates the progression of osteoarthritis [27]. We

consider that the stability of the repaired posterior root was an important factor in improving

clinical scores. In the natural process of meniscus healing, the synovium plays a key role and

is induced to the damaged part of the meniscus, which is conducive to the repair of the

meniscus [28]. In animal experiments, transplanted synovial mesenchymal stem cells increase

the proteoglycan content and organization of collagen fibers at the injury site of the meniscus

[29]. Many studies have shown that the bone marrow mesenchymal stem cells released in the

intra-bone tunnel also contribute to the healing of the meniscus with the improvement of

collagen I, osteocalcin, and osteopontin mRNA levels [30]. Therefore, factors released in the

bone tunnel possess an intrinsic therapeutic potential that contributes to meniscus healing.

There are many other methods to classify the healing status of the repaired root. Seo et al.

classified the healing status into 4 status; complete healing, lax healing, scar tissue healing,

and failed healing according to the stability and mobility of the repaired root [9]. Kim et al.

categorised the healing status into 3 status; normal, loose, and no tension according to the

fixation strength around the repaired root and the restoration of peripheral hoop tension [10].

To wvalidate the difference between qualitative and semi-quantitative evaluations in

second-look arthroscopy, we used the same patients to compare the differences in clinical

scores in each group according to the two methods. According to the qualitative method, there

was no significant difference in clinical scores between the complete healing group and the

12
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lax healing group. In this study, we found that when semi-quantitative score was > 8, the

clinical scores were significantly higher than those of patients < 8. We suggest that adding the

width of the bridging tissue and the coverage of the synovial coverage can more objectively

reflect the healing status. This proves that the semi-quantitative method is more useful for

predicting postoperative clinical scores.

This study has several limitations. First, the retrospective nature of the study may have led

to a selection bias. Second, the follow-up period was only 1 year, which may have affected

the study results. Third, there were only 2 patients with scar tissue healing and no patient with

failed healing, which meant a lack of comparison in the qualitative comparison of clinical

scores. Finally, the postoperative rehabilitation may be related to the healing status of the

posterior root of the MM, which should be considered in further research.

5. Conclusions

All postoperative clinical scores were significantly improved than those at the

preoperative stage and more correlated with the semi-quantitative arthroscopic score than the

qualitative evaluation in assessing the healing status of the repaired root.
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Figure legends

Fig. 1 Second-look arthroscopic findings of anteroposterior (AP) width of bridging tissues. a.

An example with broad AP width (> 5 mm, 4 points). b. An example with narrow AP width

(2-5 mm, 2 points). c. An example with filamentous AP width (<2 mm, 0 points).

Fig. 2 Second-look arthroscopic findings of stability of the medial meniscus posterior root. a.

No lifting on probing at 20° of flexion (good, 4 points). b. Lifting on probing at 20° of flexion

(fair, 3 points). ¢ No lifting on probing at 60° of flexion (fair, 3 points). d. Lifting on probing

at 60° of flexion (loose, 2 points). e. No anterior drawing on probing at 20° of flexion (loose,

2 points). f. Anterior drawing on probing at 20° of flexion (useless, 1 point).

Fig. 3 Second-look arthroscopic findings of synovial coverage with the sutures. a. An

example of almost covered synovial tissues (good, 2 points). b. An example of partially

covered synovial tissues (fair, 1 point). ¢c. An example or totally exposed sutures. (poor, 0

point).

Fig. 4 Comparison of clinical outcomes between preoperatively and 1-year postoperatively.

KOOS, Knee Injury and Osteoarthritis Outcome Score. ADL, activities of daily living.

Sport/Rec, sport and recreation function. QOL, quality of life. IKDC, International Knee

Documentation Committee subjective knee evaluation form. VAS, visual analogue scale. *P <

0.01.
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377

378  Fig. 5 Threshold for semi-quantitative score for improved clinical scores at 1-year

379  postoperatively. The calculated cut-off value (8 points) has a specificity of 84% and

380  sensitivity of 45% with AUC of 0.67. P< 0.05. AUC, area under curve.
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