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Clinical Research Article

Introduction

Medial meniscus posterior root tears (MMPRTs) are an 
important subset of medial meniscus tears within 1 cm of 
posterior horn attachment to the tibial plateau.1-3 MMPRTs 
disrupt the circumferential fibers of the meniscus, leading 
to increases in peak contact pressure in the medial compart-
ment to a functionally total meniscectomized condition,4,5 
resulting in accelerated knee osteoarthritis.6-11 Previous 
studies have demonstrated that conservative treatment and 
partial meniscectomy provide no benefit for MMPRTs with 
total knee arthroplasty (TKA) conversion rates of 31%12 

and 54%,13 respectively. On account of unsatisfactory out-
comes of conservative treatment and meniscectomy,12,13 
arthroscopic meniscal repair methods, including transtibial 
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Abstract
Objective. To perform conventional, morphological, and T2 mapping compositional MRI imaging to assess the cartilage 
degeneration and osteoarthritic progression in patients with medial meniscus posterior root tears (MMPRTs) who 
underwent trans-posterior cruciate ligament (PCL) all-inside repair or partial meniscectomy. Design. Patients with 
MMPRTs after trans-PCL all-inside repair (group AR) or partial meniscectomy (group PM) between 2015 and 2018 were 
retrospectively identified. Preoperative and postoperative conventional MRI were collected to assess medial meniscus 
extrusion (MME) and the whole-organ magnetic resonance imaging score (WORMS). Postoperative morphological MRI 
and T2 mapping compositional MRI were collected to evaluate the quantitative cartilage thickness/volume and cartilage 
composition. Results. The final cohort consisted of 21 patients in group AR and 22 patients in group PM, with no differences 
in demographic data and baseline patient characteristics between the 2 groups. Group AR demonstrated less progression 
of articular cartilage wear (P < 0.05) and decreased meniscal extrusion (P = 0.008) than group PM at the final follow-
up. In addition, group AR demonstrated less extracellular matrix degeneration in the cartilage subregion of the medial 
compartment (P < 0.05) than group PM with lower T2 relaxation times in the superficial layer of the articular cartilage. 
Conclusion. Trans-PCL all-inside repair of MMPRTs could delay the initial cartilage deterioration and morphological cartilage 
degeneration compared with partial meniscectomy. However, the amount of residual meniscal extrusion is clinically 
important, and an improved root repair fixation method should be investigated.
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pull-out repair, anchor suture, and all-inside repair, have 
been developed to restore the integrity and hoop tension of 
the meniscus to prevent further joint degeneration.11,14,15 
For all-inside repair via suture fixation to the posterior cru-
ciate ligament (PCL), restoration of tibiofemoral contact 
mechanics has been demonstrated in current biomechanical 
studies.16 While current studies on meniscal repair have 
demonstrated significant improvements in clinical scores 
and high survival rates,17-21 the early change in cartilage and 
progression of knee osteoarthritis (KOA) over time have 
not been sufficiently investigated.22,23

Considered as a disease of the whole joint, KOA is char-
acterized by cartilage degradation, subchondral bone 
changes, meniscus degeneration, and synovial inflamma-
tion.24 However, these arthritic changes in the joint tissue 
were not visible by radiographs. Thus, MRI was introduced 
to provide a comprehensive and accurate evaluation of 
osteoarthritis (OA), which is more sensitive for detecting 
cartilage defects, subchondral bone changes, bone morrow 
lesions (BMLs), synovitis, and extracellular cartilage matrix 
(ECM) degeneration.25-27 Recently, MRI assessment in OA 
research has been classified into semiquantitative and quan-
titative methods.25 The Whole-Organ Magnetic Resonance 
Imaging Score (WORMS) is the first and most common 
MRI-based semiquantitative scoring system for whole-joint 
assessment of KOA with high inter-reader agreement,28 
which enables grading of osteoarthritic features.25,28 
Quantitative MRI evaluation of KOA includes morphologi-
cal measurement and compositional imaging.29-32 
Considering that cartilage damage is one of the central ele-
ments in KOA progression, quantitative measurement of 
the thickness/volume of cartilage is needed to aid in the 
diagnosis of early OA.30,33 Compositional MRI analysis has 
been performed in MMPRTs, and localized compositional 
changes in cartilage were observed in the weightbearing 
regions 6 months after partial meniscectomy, suggesting 
that the loading environment has been altered enough to 
result in early cartilage degeneration in a very brief period 
of time.34

To date, there are limited clinical studies on cartilage 
degradation and OA progression based on semiquantitative 
and quantitative MRI evidence in patients with MMPRTs 
after meniscal root repairs via fixation to the PCL. Therefore, 
our purpose was to investigate medial meniscus extrusion 
(MME), the local cartilage changes and BMLs in MMPRTs 
after meniscal root repair, and partial meniscectomy accord-
ing to MRI-based WORMS system; to compare the postop-
erative quantitative measurement of cartilage thickness/
volume between different treatments in MMPRTs; and to 
determine the effects of different treatments on cartilage 
composition using T2 relaxation time mapping. It is hypoth-
esized that trans-PCL all-inside repair could decrease artic-
ular cartilage degeneration and prevent OA progression 
with less cartilage damage and BMLs, increased cartilage 

thickness volume, and improved compositional outcomes 
compared with partial meniscectomy.

Methods

Study Design

The study was approved by the Institutional Review Board 
of Peking University People’s Hospital. A retrospective 
review was performed on patients with isolated MMPRTs 
who underwent trans-PCL all-inside repair and partial men-
iscectomy at our institutions from 2015 to 2018. An MMPRT 
was defined as avulsion injuries or radial tears located within 
10 mm of the meniscal attachment or a bony root avulsion.35 
The inclusion criteria for the study were as follows: (1) iso-
lated complete medial meniscal posterior root tears con-
firmed by arthroscopy, (2) Kellegren-Lawrence (K-L) grade 
≤2, and (3) Outerbridge grade ≤3 based on arthroscopy. 
The exclusion criteria were as follows: (1) concomitant mul-
tiple ligament injuries or lateral meniscus tears, (2) imaging 
evidence of arthritis or local full-thickness cartilage injury, 
and (3) additional operative procedures such as microfrac-
ture and osteochondral autograft transplantation.

Trans-PCL all-inside repair was performed in patients (1) 
who had meniscal posterior roots suitable for performing 
refixation and (2) who are willing to follow a rehabilitation 
distinctly required after repair surgery. Patients received par-
tial meniscectomy if they did not meet any of the above crite-
ria.36 All arthroscopic surgeries were performed by the senior 
orthopedic surgeon (T.S.). Patient demographics (sex, age, 
and body mass index [BMI]) and surgical details (history of 
knee surgery, side of knee injury, root tear location, mecha-
nism of injury, K-L grade, knee alignment, and follow-up 
time) were recorded and compared between the 2 groups.

Surgical Technique

Standard anteromedial and anterolateral arthroscopic por-
tals were established. Routine arthroscopic examinations 
were performed, and the diagnosis of isolated MMPRTs 
was reconfirmed with a probe. All-inside repair was per-
formed with a suture device (FasT-FixTM 360 Meniscal 
Repair System; Smith & Nephew, Endoscopic Division) by 
suturing the medial meniscal posterior root to the adjacent 
PCL fibers (Fig. 1). Partial meniscectomy was performed 
with biters and a 4.5-mm shaver, and the torn meniscus 
were debrided back to a stable and smooth base. The resec-
tion range was determined according to the tear type, tear 
location, and quality of meniscal tissue.

Postoperative Rehabilitation

All patients were required to avoid deep squats. For the 
patients with all-inside repair, a 3-month walking assistant 
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and protection of the knee by braces were necessary after 
surgery. In the initial 4 weeks, the knee joint was immobi-
lized with the knee brace locked in full extension. The range 
of motion of the knee joint started at 30° at least 4 weeks 
after surgery and increased by 30° per week. Full weight-
bearing and progressive closed kinetic chain strengthening 
exercises were allowed at 3 months after surgery. For the 
patients with partial meniscectomy, partial weightbearing 
and range of motion were allowed immediately postopera-
tively within a tolerable range, and full weightbearing and 
progressive closed kinetic chain strengthening exercises 
were allowed at 1 month after surgery. For all patients, 
returning to sports was allowed at 6 months.

Clinical Evaluation

Patient-reported outcomes were collected at baseline and 
final follow-up, and included the Lysholm scores and 
International Knee Documentation Committee (IKDC) 
Subjective Knee Form criteria.

MRI Evaluation

MRI evaluation was performed in all patients at baseline 
and final follow-up. MRI was performed using a 1.5-T 
imager (Magnetom Tim Trio; Siemens Medical Solutions, 
Erlangen, Germany) with a transmit-receive quadrature 
knee coil. The imaging protocol included sagittal 
T1-weighted spin echo sequence (TR/TE, 400/9.4 ms; 
field of view[FOV],180 mm; matrix size, 320 × 224; 
slice thickness, 4.0 mm); sagittal, coronal, axial 

proton-density-weighted fat-saturated sequence (TR/TE 
2,500/40 ms; FOV, 180 mm; matrix size, 320 × 224; slice 
thickness, 4.0 mm); and 3-dimensional (3D) double-echo 
steady state (DESS) (TR/TE 19.44/7.02 ms; FOV, 160 
mm; matrix size, 320 × 224; slice thickness, 1.0 mm) 
which was used to create cartilage 3D models and sagittal 
2-dimensional dual-echo fast spin echo (FSE) sequence 
(TR/TE, 1,000/13.8, 27.6, 41.4, 55.2, 69.0 ms; FOV, 160 
mm; matrix size, 320 × 214; slice thickness, 3 mm) which 
was used for measuring T2 relaxation times.

The WORMS28,37 was used as a semiquantitative tool to 
evaluate osteoarthritic degeneration (including cartilage 
defects, BMLs, and synovitis) of the joint at baseline and 
follow-up. In addition, the medial femur (MF) was divided 
into 2 articular subregions (central, MFc; posterior, MFp), 
and the medial tibia (MT) was divided into 3 subregions 
(anterior, MTa; central, MTc; posterior, MTp) for further 
accurate assessment of cartilage damage and BMLs. Region 
of interest (ROI) segmentation and specific semiquantita-
tive evaluation for cartilage degeneration of KOA have 
been described in previous studies.28,37 MME was defined 
as the distance from the medial edge of the MT plateau to 
the peripheral edge of the medial meniscus at the level of 
the medial collateral ligament in coronal imaging36 (Fig. 2). 
The correlation between the progression of WORMS-
cartilage scores and the severity of MME (patients with 
MME <3 mm or MME ≥3 mm) in all patients postopera-
tively was evaluated.

Healing after meniscal repair was classified as complete, 
partial, and failed healing. Complete healing was defined as 
confirmed continuity in all 3 (sagittal, coronal, and axial) 

Figure 1. A rthroscopic pictures with a 30° arthroscope through the anterolateral portal showing medial meniscus posterior root 
tear refixation to the adjacent posterior cruciate ligament by the all-inside repair technique. (A) Black arrow: complete radial tear of 
medial meniscus posterior root; (B) black star: posterior cruciate ligament; black arrow: the torn meniscus root was refixed to the 
adjacent posterior cruciate ligament fibers. Confirmation of improved meniscal tension and stability after refixation by probing.
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MRI views, whereas partial healing was defined as a loss of 
continuity in any 1 view, and failed healing was defined as 
no continuity in any view.38 The correlation between the 
progression of the WORMS-cartilage scores and the heal-
ing status of meniscus in group AR was evaluated.

The results were evaluated by an orthopedic surgeon 
(J.S.) and a radiologist (H.W.) separately with the picture 
archiving and communication system (MME: intraclass 
correlation coefficient [ICC] >0.80; WORMS-cartilage 
scores: κ >0.80).

Morphological MRI Evaluation

Cartilage volume and thickness assessed by MRI have been 
regarded as important quantitative markers of knee osteoar-
thritic status.29,30,33,39 The DESS DICOM data were ana-
lyzed in Mimics (Materialize Interactive Medical Image 
Control System; 26.0) software. Slice by slice, the profiles 
of the patellar, femoral and tibial cartilage were outlined 
manually. The cartilage profiles were automatically ren-
dered to create polygon-based 3D surface models by 
Mimics. The model was then divided into subregions for 
further volume and thickness analysis based on previous 
studies.40,41 The articular cartilage of the knee was seg-
mented into patellar, trochlear, medial femoral, lateral fem-
oral, medial tibial, and lateral tibial subregions. The medial 
and lateral femoral condyles were further segmented into 
anterior, central, and posterior subregions. The central 
region, regarded as the weightbearing region during the 

stance phase of gait, was defined relative to the anterior and 
posterior aspects of the proximal tibia (at the margin of the 
tibial plateau). The medial and lateral tibial subregions were 
further segmented into the regions uncovered and covered 
by the meniscus (Fig. 3). The volume and thickness of each 
subregion were then automatically calculated by the 
software.

The volume and thickness were normalized based on the 
distance of the medial and lateral femoral condyles. The 
normalized volume V = Vn × (Davg/Dn)3; the normalized 
thickness T = Tn × (Davg/Dn). All subjects were seg-
mented again over a 2-week period to evaluate intrarater 
reliability of this technique, which was found to be excel-
lent (ICC >0.85).

Compositional MRI Evaluation

Cartilage degeneration is commonly defined as the central 
hallmark of OA. Alterations in the ECM, such as destruc-
tion of the collagen network and proteoglycans, character-
ize the early stages of cartilage degeneration, so T2 
mapping shows an increase in the T2 relaxation times of 
cartilage.25,31,42-45 The medial femoral condyle (MFC) and 
MT were segmented manually into 5 and 3 subregions, 
respectively, according to the meniscus. Next, each subre-
gion was assessed by further segmenting full-thickness 
cartilage into 2 approximately equal sections: a deep zone 
extending from the subchondral bone to the center of the 
tissue to encompass the bottom half of the tissue thickness, 
and a superficial zone extending from the center to the 
articular surface. MRI slice selection and ROI segmenta-
tion were manually performed by one experienced person 
(J.S.) according to the published methods43,46 (Fig. 4). 
Mean T2 mapping values for each cartilage ROI were 
recorded for analysis. To reduce artifacts caused by partial 
volume effects with synovial fluid, pixels with relaxation 
times greater than 160 ms T2 maps were removed from the 
data used for quantification.

The compositional MRI outcomes were all evaluated by 
2 orthopedic surgeons (J.S. and Y.P.), and the interobserver 
reliability of this method was found to be excellent  
(ICC >0.80).

Statistical Analysis

All data analyses were conducted in IBM SPSS Statistics 
(SPSS Inc., version 25.0) with significance determined to 
be P = 0.05. Distribution of continuous variables was 
assessed by the Shapiro-Wilk test. For normally distributed 
continuous variables, the independent t test was performed. 
For skewed distributed variables, the Mann-Whitney test 
was performed. Person’s χ2 test was used to compare unor-
dered categorical variables, and if more than 20% of the 
expected frequencies were less than 5, a Fisher exact test 

Figure 2.  Measurement of medial meniscus extrusion. 
Medial meniscus extrusion was measured from the tangent 
perpendicular to the medial tibial edge and the lateral edge of 
the medial meniscus on coronal MRI at the level of the medial 
collateral ligament.
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Figure 3.  Definition of the regions for analysis of cartilage volume in the femoral condyles and tibial plateau. (A) The medial and 
lateral femoral condyles were further segmented into anterior (Fa), central (Fc), and posterior (Fp) subregions. The central region 
was defined relative to the anterior and posterior aspect of the proximal tibia (at the margin of the tibial plateau). (B) The medial 
and lateral tibial subregions were further segmented into the regions uncovered (UNC) and covered by the meniscus (COV). MT = 
medial tibia; LT = lateral tibia.

Figure 4.  (A) Regions of interest (ROI) segmentation of the medial tibiofemoral compartment. The MFC and MT were segmented 
manually into 5 and 3 subregions, respectively, according to the meniscus. Each subregion was assessed by further segmenting full-
thickness cartilage into 2 approximately equal sections. MFC-3 and MT-2 are contacting regions of femoral and tibial cartilage during 
standing. MFC-2, MFC-4 and MT-1, MT-3 are regions above and below the meniscal horn, respectively. MFC-1 and MFC-5 are non-
weightbearing portions of the femoral condyle during standing. T2 mappings of the MMPRTs after surgery. (B) Mean T2 values from 
superficial and deep layers in each defined subregions, as shown in (A), were recorded. MFC = medial femoral condyle; MT = medial 
tibia; MMPRTs = medial meniscus posterior root tears.
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was used. For ordered categorical variables, the Mann-
Whitney test was used. The Pearson correlation coefficient 
was performed to determine the correlation between the 
severity of MME and cartilage damage, as well as the 
meniscus healing score and cartilage damage.

Results

A total of 95 patients with MMPRTs who underwent trans-
PCL all-inside repair or partial meniscectomy were screened 
from 2015 to 2018; of them, 57 patients were included in 
the study according to the inclusion and exclusion criteria. 

Six patients did not respond at final follow-up and 8 patients 
converted to TKA; thus, 21 patients in group AR and 22 
patients in group PM were available for follow-up at an 
average of 3.70 ± 1.21 years (Fig. 5). Neither the preopera-
tive demographic data nor the patient characteristics dif-
fered significantly between the groups (Table 1).

Patient-Reported Outcomes

Baseline patient-reported outcomes showed no significant 
differences between the AR and PM groups with respect to 
the Lysholm and IKDC (Table 1). The patient-reported 

Figure 5.  Flowchart of included participants. MMPRTs = medial meniscus posterior root tears; TKA = total knee arthroplasty.
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outcomes in both groups were significantly improved from 
baseline to the final follow-up (P < 0.001) (Table 2). 
Regarding the results at the final follow-up, no significant 
differences were seen between the groups (Table 3).

Conventional MRI Evaluation

Conventional MRI was performed in all patients. For group 
PM, significant increases of WORMS-cartilage morphologi-
cal scores were observed in all subregions (P < 0.05) and 
BML progression was found in MFc (P = 0.004), MTa (P = 
0.017), and MTc (P = 0.019) (Table 2). For group AR, signifi-
cant increases in WORMS-cartilage morphological scores 
only in MFc (P = 0.016), MTa (P = 0.046), and MTc (P = 
0.041) were noted from baseline to follow-up; however, no 
significant differences were seen in WORMS-BML scores. 
Between-group analysis at final follow-up indicated that car-
tilage morphology scores in group AR were better than group 
PM in MFc (P = 0.003), MTc (P = 0.009), and MTp  

(P = 0.038). There were no significant differences in BML 
scores and synovitis scores between the groups (Table 3).

The average MME significantly increased from baseline 
(3.44 ± 1.22 mm) to final follow-up (5.03 ± 1.48 mm)  
(P = 0.001) in group PM, and no significant differences 
were seen in group AR (Table 2; Fig. 6). A total of 57.14% 
of patients in group AR and 95.45% of patients in group PM 
showed severe MME postoperatively. In addition, group 
AR (3.62 ± 1.52 mm) showed less MME compared with 
group PM (5.03 ± 1.48 mm) (P = 0.008) (Table 3). 
Moreover, the correlation between the severity of MME and 
the progression of cartilage damage was examined in all 
patients postoperatively. The severity of MME and cartilage 
damage were weakly correlated in MTc (r = 0.356; P < 
0.05) (Table 4)

Meniscal healing status was assessed in group AR, 15 
patients showed complete healing, 5 patients showed partial 
healing, and 1 patient showed failed healing. In addition, a 
negative correlation between the meniscus healing status 

Table 1.  Demographic Data and Basic Characteristics at Baseline.

Group AR (n = 21) Group PM (n = 22) P Value

Age (y) 62.05 ± 9.12 57.77 ± 9.5 0.140
Sex (male/female, n) 4/17 2/20 0.616
Side (left/right, n) 12/9 12/10 0.846
BMI (kg/m2) 26.25 ± 2.56 25.59 ± 2.51 0.400
Duration from injury to surgery (mo) 3.17 ± 2.56 3.05 ± 2.20 0.893
Duration from baseline MRI to surgery (mo) 1.46 ± 1.00 1.31 ± 1.27 0.274
Follow-up time (y) 3.54 ± 1.11 3.86 ± 1.31 0.398
MF-Outerbridge grade 2 (1;2) 2 (1;3) 0.153
MT-Outerbridge grade 1 (1;2) 1 (1;2) 0.254
Lysholm 38.76 ± 14.51 39.41 ± 15.63 0.990
IKDC 24.13 ± 9.95 26.66 ± 10.65 0.355
K-L grade 1 (1;1.5) 1 (1;2) 0.141
MME (mm) 3.28 ± 1.06 3.44 ± 1.22 0.981
WORMS-cartilage morphological score
  MFc 1 (0;2) 2 (0.75;2) 0.119
  MFp 0 (0;1) 0 (0;1) 1.000
  MTa 0 (0;1) 0 (0;0) 0.313
  MTc 0 (0;1) 0 (0;1) 0.377
  MTp 0 (0;1) 0 (0;0) 0.065
WORMS-BML score
  MFc 0 (0;1) 0 (0;0) 0.261
  MFp 0 (0;0) 0 (0;0) 1.000
  MTa 0 (0;0) 0 (0;0) 0.527
  MTc 0 (0;0) 0 (0;0) 0.527
  MTp 0 (0;0) 0 (0;0) 1.000
  WORMS-synovitis 0 (0;2) 1 (0;1.5) 0.832

Continuous variables are expressed as mean ± SD and categorical variables as median (interquartile range) or n (%)
AR = all-inside repair; PM = partial meniscectomy; BMI = body mass index; MF = medial femoral condyle; MT = medial tibia; IKDC = International 
Knee Documentation Committee; K-L grade = Kellgren-Lawrence grade; MME = medial meniscus extrusion; WORMS = Whole-Organ Magnetic 
Resonance Imaging Score; c = central; p = posterior; a = anterior; BML = bone marrow lesion.
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and progression of cartilage damage in MFc and MFa was 
found (r = −0.503 and r = −0.522, respectively; P < 0.05) 
(Table 4).

Morphological MRI Evaluation

Postoperative morphological MRI evaluation was per-
formed in all patients. Intergroup analysis was performed, 
and no significant difference was seen in cartilage volume 
or thickness of each subregion of articular cartilage between 
AR and PM groups (Table 5).

Compositional MRI Evaluation

Postoperative compositional MRI (T2 mapping) was per-
formed in 28 patients (17 patients in group AR and 11 patients 
in group PM), and patients with severe morphological carti-
lage damage (4 patient in group AR and 11 in group PM with 
WORMS-Cartilage Morphological grades 4-6) were 
excluded from further compositional MRI evaluation. For the 
superficial layer of the cartilage, group AR showed lower T2 
relaxation times in MFC-3 (P = 0.033) and MT-2 (P = 0.010) 
than group PM. In terms of the deep layer, there was no sig-
nificant difference between the 2 groups (Table 6).

Discussion

The most important finding of the current study was that 
medial meniscus posterior root repair via fixation to the 

PCL (group AR) demonstrated better WORMS-cartilage 
morphology scores in the weightbearing subregions of 
medial compartment than partial meniscectomy (group 
PM). For patients with non-osteoarthritic cartilage, group 
AR showed lower T2 relaxation times in the cartilage-to-
cartilage subregions (MFC-3, MT-2) than group PM, which 
suggests that trans-PCL all-inside repair could protect the 
cartilage against localized degeneration compared with par-
tial meniscectomy.

Arthroscopic transtibial pullout suture technique and 
anchor refixation are the common techniques to repair 
MMPRTs. Biomechanical and clinical studies have shown 
that these repairs could restore the integrity and biomechan-
ical function of the meniscus, preventing cartilage degen-
eration and the progression of OA in short and 
mid-term.11,14,17 However, these repair techniques require 
accurate anatomical placement of the meniscal root, as even 
a 5-mm error in placement has been associated with 
increased joint contact loads.47 In addition, it can be techni-
cally difficult to determine the anatomic position of the pos-
terior horn of the medial meniscus, particularly if the 
meniscal root tear has scarred against the capsule, retracted, 
or extruded posteromedially.48,49 Given the proximity of the 
medial meniscal posterior to the most proximal PCL tibial 
attachment (which was directly 8.2 mm from the medial 
posterior root attachment center50), all-inside repair via 
suture fixation to the PCL could provide an analog to the 
Wrisberg ligament with the potential for decreased techni-
cal difficulty, increased speed, and fewer surgical incisions 

Table 2.  Within-Group Changes in WORMS From Baseline to Follow-Up.

Group AR (n = 21)

P Value

Group PM (n = 22)

P Value  Preoperative Postoperative Preoperative Postoperative

Lysholm 38.76 ± 14.51 86.67 ± 7.88 <0.001a 39.41 ± 15.63 82.55 ± 15.98 <0.001a

IKDC 24.13 ± 9.95 73.7 ± 7.63 <0.001a 26.66 ± 10.65 71.37 ± 16.33 <0.001a

MME (mm) 3.28 ± 1.06 3.62 ± 1.52 0.144 3.44 ± 1.22 5.03 ± 1.48 0.001a

WORMS-cartilage morphological score
  MFc 1 (0;2) 1 (0;2.25) 0.016a 2 (0.75;2) 4 (1.5;5) 0.001a

  MFp 0 (0;1) 1 (0;1) 0.197 0 (0;1) 1 (0;1.25) 0.010a

  MTa 0 (0;1) 0 (0;1) 0.046a 0 (0;0) 0.5 (0;2) 0.010a

  MTc 0 (0;1) 0 (0;1) 0.041a 0 (0;1) 1.5 (0;4) 0.002a

  MTp 0 (0;1) 0 (0;1) 1.000 0 (0;0) 1 (0;2.25) 0.003a

WORMS-BML score
  MFc 0 (0;1) 0 (0;1) 0.206 0 (0;0) 1 (0;2) 0.004a

  MFp 0 (0;0) 0 (0;0) 0.157 0 (0;0) 0 (0;0) 0.059
  MTa 0 (0;0) 0 (0;0) 0.414 0 (0;0) 0 (0;1.25) 0.017a

  MTc 0 (0;0) 0 (0;0.5) 0.157 0 (0;0) 0 (0;2) 0.019a

  MTp 0 (0;0) 0 (0;0) 0.157 0 (0;0) 0 (0;0) 0.102
  WORMS-synovitis 0 (0;2) 1 (0;1) 0.227 1 (0;1.5) 0 (0;1) 1.000

Categorical variables are expressed as median (interquartile range) or n (%).
WORMS = Whole-Organ Magnetic Resonance Imaging Score; AR = all-inside repair; PM = partial meniscectomy; IKDC = International Knee 
Documentation Committee; MME = medial meniscus extrusion; MF = medial femoral condyle; c = central; p = posterior; MT = medial tibia;  
a = anterior; BML, bone marrow lesion.
aSignificant at the level of P < .05.
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as compared with other treatment options. Saltzman et al.16 
reported that the all-inside repair of MMPRTs via suture 
fixation to the PCL was able to restore the contact area, con-
tact pressures, and peak contact pressures to that of the 
intact knee in human cadaver.

The medial meniscus posterior root has been shown to 
be a biomechanically integral structure that prevents the 
development of OA.6,8 MMPRTs have been associated with 
the development of OA of the far posterior femoral con-
dyle.6 Previous clinical studies have demonstrated that non-
operative management and partial meniscectomy for 
complete MMPRTs provide no benefit in halting arthritis 
with poor clinical and radiographic outcomes, as well as a 
high arthroplasty rate at 5-year follow-up.12,13 To restore the 
anchoring structure of the meniscal horn and prevent post-
traumatic OA, arthroscopic repair was proven to be an 
effective technique in MMPRT patients with satisfactory 
clinical outcomes and a lower rate of TKA.17-21 However, 

just demonstrating the clinical and radiographic results 
without MRI evaluation, these studies could not provide an 
accurate and comprehensive assessment of osteoarthritic 
progression in MMPRT after surgery. Thus, our study fills 
this gap in MMPRT research with semiquantitative and 
quantitative MRI assessments to provide a visualization of 
OA changes in the whole-joint organ.

The protective effect of meniscal root repair on cartilage 
in patients with MMPRTs is dependent on MME and menis-
cus healing status.51 With the re-establishment of integrity 
and hoop tension of the medial meniscus root, trans-PCL 
all-inside repair (group AR) could prevent cartilage damage 
and degeneration to some degree compared with partial 
meniscectomy (group PM). Group AR showed less MME 
than group PM. There was a weak correlation between the 
severity of MME and cartilage degeneration in MTc. The 
postoperative MME in 57% patients with trans-PCL all-
inside repair is still greater than 3 mm. The amount of 

Table 3.  Comparison of Postoperative MRI Outcomes Between Groups at the Final Follow-Up.

Repair (n = 21) Menisectomy (n = 22) P Value

Lysholm 86.67 ± 7.88 82.55 ± 15.98 0.855
IKDC 73.70 ± 7.63 71.37 ± 16.33 0.865
MME (mm) 3.62 ± 1.52 5.03 ± 1.48 0.008a

MME ≥3 mm, n (%) 12 (57.14) 21 (95.45)  
WORMS-cartilage morphological score
  MFc 1 (0;2.25) 4 (1.5;5) 0.003a

  MFp 1 (0;1) 1 (0;1.25) 0.193
  MTa 0 (0;1) 0.5 (0;2) 0.226
  MTc 0 (0;1) 1.5 (0;4) 0.009a

  MTp 0 (0;1) 1 (0;2.25) 0.038a

WORMS-BML score
  MFc 0 (0;1) 1 (0;2) 0.222
  MFp 0 (0;0) 0 (0;0) 0.396
  MTa 0 (0;0) 0 (0;1.25) 0.078
  MTc 0 (0;0.5) 0 (0;2) 0.372
  MTp 0 (0;0) 0 (0;0) 0.646
  WORMS-synovitis score 1 (0;1) 0 (0;1) 0.230
Changes in cartilage (progression/no change, n)
  MFc 8/13 15/7 0.048a

  MFp 3/18 8/14 0.097
  MTa 4/17 9/13 0.119
  MTc 5/16 13/9 0.019a

  MTp 2/19 11/11 0.004a

Changes in BML (progression/no change, n)
  MFc 5/16 10/12 0.137
  MFp 2/19 4/18 0.705
  MTa 2/19 7/15 0.155
  MTc 4/17 7/15 0.337
  MTp 2/19 3/19 1.000

Continuous variables are expressed as mean ± SD and categorical variables as median (interquartile range) or n (%).
IKDC = International Knee Documentation Committee; MME = medial meniscus extrusion; WORMS = Whole-Organ Magnetic Resonance Imaging 
Score; MF = medial femoral condyle; c = central; p = posterior; MT = medial tibia; a = anterior; BML = bone marrow lesion.
aSignificant at the level of P < .05.
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residual meniscal extrusion is clinically important, which is 
associated with a loss of medial compartment cartilage vol-
ume and progression of OA.52 Thus, the MMPRTs with less 
MME should be repaired as soon as possible once the diag-
nosis was made, and an improved root repair fixation 
method should be investigated. The healing status of the 
torn meniscus is also a crucial factor in cartilage protection 
in meniscal repair. Kodama et al.22 demonstrated that there 
was a negative correlation between high meniscus healing 
scores and International Cartilage Repair Society (ICRS) 
grades in the medial compartment loading area. In our 
study, 65.21% of patients in group AR showed compete 
meniscal healing, and a negative correlation between the 
meniscus healing status and progression of cartilage 

damage in MFc and MFa was found. Therefore, cartilage 
degeneration in some patients with meniscal repair might 
be due to the poor healing status of medial meniscus roots 
and progression of MME.

Considered as the essential part of OA, cartilage is the 
most-commonly assessed structure in quantitative MRI of 
OA research.29,30,33,39 Previous studies have reported that 
cartilage thickness decreased in the medial load-bearing 
regions primarily between K-L grade 2 and K-L grade 3 
radiographic stages,29 while it increased in the posterior 
aspect of femoral condyles throughout the disease due to 
anabolic processes initiated in reaction to OA.30 However, 
Reichenbach et al.33 reported that quantitative measurement 
of cartilage volume and thickness did not distinguish focal 

Figure 6.  Coronal MRI at the final follow-up. (A) MRI of patient with trans-posterior cruciate ligament all-inside repair 
demonstrating medial meniscus extrusion (1.29 mm). (B) MRI of patient with partial meniscectomy demonstrating medial meniscus 
extrusion (8.70 mm).

Table 4.  Correlation of MME, Meniscal Healing Status, and Progression of WORMS-Cartilage Morphological Scores.

Changes in Cartilage

MME Meniscus Healing Status

r P Value P Value

MFc 0.259 0.093 −0.503 0.020a

MFp 0.197 0.206 −0.203 0.378
MTa 0.243 0.117 −0.522 0.015a

MTc 0.356 0.019a −0.213 0.354
MTp 0.123 0.433 0.215 0.350

MME = medial meniscus extrusion; WORMS = Whole-Organ Magnetic Resonance Imaging Score; MF = medial femoral condyle; c = central;  
p = posterior; MT = medial tibia; a = anterior.
aSignificant at the level of P < .05.
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cartilage loss in mild OA from non-OA, which could be 
detected by experienced readers applying semiquantitative 
methods.33 Similarly, no significant differences were seen 
in quantitative cartilage volume/thickness measurement 
evaluation between the AR and PM groups in our study, as 
distinguished changes between the groups in the semiquan-
titative MRI assessment of cartilage damage have been 
found. There were two reasons that could explain the find-
ings. First, the entire full-layer cartilage damage did not 
occur in the majority of patients with mild OA after surgery, 
and small areas of focal damage in cartilage may not be 
picked up manually by quantitative measures that describe 
the entire cartilage plates. Cartilage swelling has been 
shown in animal models to be a feature of early stages of 

experimental OA.53 Swelling of cartilage surrounding carti-
lage defects could negate the effect of focal losses on quan-
titative measurements that sum cartilage morphometry over 
a large region. Therefore, quantitative measures are not 
very sensitive to the degeneration of cartilage, and semi-
quantitative MRI tools, such as WORMS and MOAKS 
(MRI Osteoarthritis Knee Score), are more suitable for the 
evaluation of cartilage lesions in early OA.

In the compositional MRI analysis, group AR showed 
lower T2 relaxation times in the cartilage subregions (MFC-
3, MT-2) than group PM. Previous studies have proven that 
premorphological cartilage degeneration could be evalu-
ated earlier by compositional MRI (T1rho or T2 mapping) 
in the absence of radiographic or conventional MRI 

Table 5.  Comparison of Postoperative Morphological MRI Outcomes Between Groups at the Final Follow-Up.

Cartilage Volume Cartilage Thickness

 
Group AR  
(n = 21)

Group PM  
(n = 22) P Value

Group AR  
(n = 21)

Group PM  
(n = 22) P Value

Pa 2,040.25 ± 922.18 1,829.79 ± 676.13 0.397 1.83 ± 0.41 1.76 ± 0.36 0.588
TR 1,423.71 ± 533.41 1,304.05 ± 659.64 0.518 1.67 ± 0.26 1.75 ± 0.43 0.482
MFa 905.93 ± 373.57 891.68 ± 431.36 0.680 1.65 ± 0.32 1.65 ± 0.33 0.697
MFc 1,625.55 ± 601.84 1,490.83 ± 494.7 0.594 1.31 ± 0.24 1.34 ± 0.14 0.426
MFp 1,665.17 ± 528.19 1,589.34 ± 433.71 0.609 2.02 ± 0.31 2.09 ± 0.36 0.491
LFa 1,403.65 ± 619.62 1,318.00 ± 475.39 0.613 1.81 ± 0.36 1.8 ± 0.37 0.920
LFc 1,859.66 ± 493.99 1,924.48 ± 592.64 0.304 1.32 ± 0.24 1.29 ± 0.24 0.700
LFp 1,206.42 ± 300.42 1,111.94 ± 314.13 0.320 1.44 ± 0.2 1.52 ± 0.28 0.734
MTco 640.92 ± 310.53 699.51 ± 312.8 0.541 1.02 ± 0.25 1.14 ± 0.31 0.152
MTunco 1,108.59 ± 328.78 1,194.5 ± 520.47 0.771 1.54 ± 0.27 1.6 ± 0.36 0.555
LTco 961.81 ± 323.18 969.96 ± 355.08 0.593 1.42 ± 0.33 1.5 ± 0.38 0.644
LTunco 871.72 ± 383.24 703.57 ± 393.42 0.080 1.67 ± 0.32 1.55 ± 0.38 0.285

Values are expressed as mean ± SD.
AR = all-inside repair; PM = partial meniscectomy; Pa = patella; TR = trochlea; MF = medial femoral condyle; a = anterior; c = central; p = 
posterior; LF = lateral femoral condyle; MT = medial tibia; co = covered by the meniscus; unco = uncovered by the meniscus; LT: lateral tibia.

Table 6.  Comparison of T2 Mapping Compositional MRI Outcomes Between the AR and PM Groups at Final Follow-Up.

Superficial Layer Deep Layer

 
Group AR  
(n = 17)

Group PM  
(n = 11) P Value

Group AR  
(n = 17)

Group PM 
(n = 11) P Value

MFC-1 38.71 ± 13.73 41.57 ± 16.94 0.628 23.78 ± 9.83 25.81 ± 11.82 0.627
MFC-2 44.01 ± 9.98 44.15 ± 18.71 0.980 21.74 ± 7.48 22.30 ± 6.30 0.838
MFC-3 44.10 ± 8.47 56.93 ± 16.51 0.033a 13.66 ± 3.02 15.48 ± 6.22 0.308
MFC-4 45.10 ± 10.00 51.05 ± 15.36 0.224 15.19 ± 3.82 17.15 ± 5.04 0.253
MFC-5 48.21 ± 9.57 52.75 ± 9.23 0.225 18.92 ± 5.81 21.26 ± 5.28 0.291
MT-1 29.68 ± 10.12 36.49 ± 15.49 0.170 16.85 ± 6.83 14.81 ± 3.38 0.305
MT-2 32.87 ± 6.99 44.71 ± 11.91 0.010a 12.00 ± 2.70 11.65 ± 1.79 0.708
MT-3 40.67 ± 5.77 51.26 ± 17.29 0.074 16.59 ± 6.06 14.78 ± 3.26 0.373

Values are expressed as mean ± SD.
AR = all-inside repair; PM = partial meniscectomy; MFC = medial femur condyle; MT = medial tibia.
aSignificant at the level of P < 0.05.
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evidence, indicating that T1rho or T2 mapping may serve as 
a premorphological marker of cartilage degeneration and 
early OA.45 Kumar et  al.54 reported that individuals with 
MMPRTs are associated with increased T2 relaxation times 
in the deep cartilage layer of all compartments. Russell 
et  al.55 found that MMPRTs with non-osteoarthritic carti-
lage showed increased T1rho and T2 relaxation times when 
compared with patients with intact meniscus. They per-
ceived cartilage degeneration with disruption of the colla-
gen network in direct response to reduced load-sharing by 
the torn meniscus.54,55 Premorphological cartilage degener-
ation in the cartilage-on-cartilage region with elevated T2 
relaxation times has been found in MMPRTs with menis-
cectomy.34 An incremental decrease in contact area and a 
concomitant increase in peak contact stress that was propor-
tional to the amount of meniscus resected put the articular 
cartilage into an “overloaded condition,”56 and the ECM 
deterioration of overloaded cartilage has occurred.34,57,58 
Moreover, an early laboratory study proved that histologic 
degeneration in articular cartilage was proportional to the 
amount of meniscus resected.59 For trans-PCL all-inside 
repair, restoration of tibiofemoral contact mechanics has 
been demonstrated in current biomechanical studies.16 
Thus, we highlight that meniscectomy could not prevent 
degeneration of cartilage ECM with the debrided meniscus, 
while trans-PCL all-inside repair would be beneficial to the 
loading condition of articular cartilage and could protect 
articular ECM from early degeneration with reconstruction 
of the meniscal integrity.

Limitations

There are several limitations in this study. First, it is a non-
randomized, retrospective comparative study with a small 
sample size and short-term follow-up period. There may be 
selection bias during participant enrollment without a ran-
domized procedure in which patients with irreparable 
meniscus who were excluded for repair would have more 
cartilage degeneration. Although most demographic and 
preoperative data were similar between the groups, it was 
difficult for us to match the cohorts perfectly with the small 
sample size. Second, the actual meniscal healing and resto-
ration of hoop tension after surgery were not assessed 
because second-look arthroscopy was not performed. 
Third, the amount of postoperative MME in patients with 
trans-PCL all-inside repair is still greater than 3 mm, so the 
nonanatomic refixation technique could not rectify the 
meniscal extrusion completely and an improved root repair 
fixation method should be investigated in future studies. 
Fourth, preoperative quantitative morphological MRI and 
compositional MRI assessments were not performed, and 
longitudinal changes in both groups were not evaluated. 
Additional prospective randomized controlled studies with 
long-term follow-up, large sample sizes, and multiple 

assessment methods, allowing for a better understanding of 
longitudinal osteoarthritic progression, will be needed in 
the future to determine the mechanism of OA after medial 
meniscus posterior horn tears and guide future preventive 
treatments.

Conclusion

Trans-PCL all-inside repair of MMPRTs could delay the 
initial cartilage deterioration and morphological cartilage 
degeneration compared with partial meniscectomy. 
However, the amount of residual meniscal extrusion is clin-
ically important, and an improved root repair fixation 
method should be investigated in future studies.
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