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Abstract

Objectives To evaluate the changes in the mean T2 values of
articular cartilage on serial follow-up images up to 1 year in
patients who underwent lateral meniscus allograft transplan-
tation (MAT).

Methods Fifty-two patients who underwent lateral MAT
surgery at our hospital were evaluated preoperatively
and at 2 days, 6 weeks, 3 months, 6 months, and 1 year
after MAT using 3.0-T magnetic resonance imaging
(MRI) that included T2 mapping. T2 value changes ac-
cording to the arthroscopic grading of chondromalacia
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were evaluated in the lateral and medial compartment.

Lysholm scores were obtained pre- and postoperatively.

Results The T2 values of cartilage were significantly in-

creased 2 days after operation, and then gradually reduced to

the baseline level after 1 year in both compartments. In mor-

phologic assessment performed after 1 year, most areas

(92.9 %) showed no interval change of chondromalacia grade.

Lyshom knee scores increased significantly from the mean

preoperative value of 62.5 (range, 23-95) to 89.7 (range,

64-100) at 1 year (p <0.001).

Conclusion Mean T2 values of cartilage following MAT ex-

hibited a return to baseline level after 1 year. T2 measurement

can be a useful tool for quantitative evaluation of postopera-

tive cartilage changes compared to conventional MRI.

Key Points

* T2 mapping provides objective data for longitudinal moni-
toring following surgery.

* Increased cartilage T2 values post-MAT returned to baseline
in one year.

o Further studies are required to predict the chondroprotective
effect of MAT.

Keywords T2 map - Meniscus allograft transplantation -
Longitudinal studies - Magnetic resonance imaging - Cartilage

Introduction

Meniscus allograft transplantation (MAT) is now considered
the preferred treatment option for symptomatic subtotal/total
meniscectomized knees in young patients [1, 2]. The purpose
of MAT is to provide pain relief and improve functions in the
meniscectomized knees. Ultimately, MAT enables a long-term
delay in articular cartilage degeneration by restoring normal
load distribution [3, 4]. To evaluate the outcomes of MAT,
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many clinical scoring systems have been used. However, the
diagnostic accuracy of clinical assessment does not accurately
and objectively reflect the postoperative graft condition and
joint preservation effect [5, 6].

Conventional magnetic resonance imaging (MRI) tech-
niques are useful objective diagnostic tools for the detection
of definitive morphologic alterations, including transplanted
allograft signal change, shrinkage, extrusion, and re-tears as
well as cartilage degeneration after MAT [3, 7—12]. However,
the main disadvantage of morphologic cartilage imaging is its
low sensitivity for detecting early degenerative cartilage
changes that precede gross morphologic changes, emphasiz-
ing the need for a more sensitive MRI technique [13-16]. In
the case of articular cartilage, quantitative T2 mapping pro-
vides additional objective data for longitudinal monitoring
following surgery or for the evaluating therapeutic treatments
[17-21]. Using the quantitative T2 value, alternations in water
content and collagen structure in cartilage have been non-
invasively evaluated in a number of published studies [19,
22-25]. Therefore, T2 mapping, by assessing the biochemical
characteristics of cartilage, could potentially be a useful imag-
ing technique for the follow-up of cartilage-preserving
therapies.

To our knowledge, there are no published longitudinal
studies on postoperative cartilage monitoring following
MAT using T2 mapping. Therefore, the objective of our cur-
rent study was to evaluate the postoperative changes in the T2
values of articular cartilage following MAT over a 1-year pe-
riod and compare them with morphological changes and clin-
ical scores.

Materials and methods
Study group

The retrospective study protocol was approved by our institu-
tional review board. The requirement to obtain informed con-
sent was waived. Since August 2012, T2 mapping has been
performed with routine knee MRI protocols for patients who
underwent MAT at our institution. Patients were eligible for
MAT if they were not old enough to be considered for knee
arthroplasty, had a history of subtotal or total meniscectomy,
and had degenerative changes and associated localized pain in
the involved compartment. Lateral MAT was performed using
a fresh-frozen allograft with keyhole technique. All patients
who underwent lateral MAT were evaluated preoperatively
and again at 2 days, 6 weeks, 3 months, 6 months, and 1 year
using 3.0-Tesla (T) MRI including T2 mapping of the medial
and lateral tibiofemoral condyle.

Inclusion criteria were as follows: (a) patients who
underwent lateral MAT and have serial follow-up MRI up to
1 year; (b) patients had no history of trauma or previous knee

surgery; (c) patients had no history of inflammatory or infec-
tious arthritis. The exclusion criteria included a history of
medial meniscus transplantation, any loss of follow-up MRI
images, and limited evaluation of T2 map due to misregistra-
tion between images by consensus of two musculoskeletal
radiologists (S-Y.P, and S.H.L). Finally, we selected 52 con-
secutive patients (26 males, 26 females) from August 2012 to
July 2014.

Image acquisition

MRI was performed on an Achieva or Ingenia 3.0-T MR
scanner (Philips Medical System, Best, The Netherlands)
using a dedicated, 16-channel knee coil. The knee MRI pro-
tocol included T2 mapping, which was performed after rou-
tine conventional MRI for 30 min in the resting position. For
the morphological evaluation of cartilage, we used the imag-
ing sequence summarized in Table 1. The T2 map consisted of
a sagittal, multi-echo spin-echo (SE), T2-weighted sequence
performed with the following parameters: a repetition time
(TR) of 3500 ms and six echo times (TE) of 13, 26, 39, 52,
65, and 78 ms; slice thickness, 3 mm; field of view, 160 x
160 mm; pixel matrix, 304 x 304; and a total acquisition time
of 7 min 56 s. The T2 relaxation time was obtained from T2
maps reconstructed using a multi-echo measurement. T2 maps
of the articular cartilage of the knee joint, with a colour scale
ranging between 1 and 81 msec, were created from the T2
mapping source data.

Data analysis

T2 maps were analyzed using an advanced cartilage analysis
application (IntelliSpace Portal, Philips Healthcare,
The Netherlands). In this program, a least-squares regression
weighted by the variance of the estimates of the signal inten-
sity was used [26]. Two separate sagittal T2 maps were select-
ed for analysis at 6 mm medial and 6 mm lateral from the
central point of articulation of the lateral tibiofemoral joint
(Fig. 1a). The same measurements were taken from the non-
operated medial compartment as a control. The region of in-
terest (ROI) analyses were performed at the main weight-
bearing area of the articular cartilage, which was divided into
three portions, the anterior and posterior meniscal coverage
areas, and the middle weight-bearing portion (Fig. 1b). Each
ROI included the entire thickness of the articular cartilage and
was equally divided into superficial and deep layers for zonal
analysis (Fig. 1c).

Efforts were made to measure the same ROI at each of
the six time points in each patient. Care was taken to
avoid a partial volume effect due to the joint fluid and
the subchondral bone plate during the ROI evaluation.
The T2 maps from the 52 patients were reviewed by
two, musculoskeletal radiologists (S-Y.P and S.H.L., with
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Table 1 Summary of sequence

parameters for conventional knee Sagittal PD 2D FSE Coronal PD 2D FSE Fat-suppressed
MRI for morphologic evaluation intermediate-weighted
3D FSE
TR/TE 2700-4700/20 2500-4200/20 1800/33.6
Matrix size (mm) 512x 512 512 x 512 512x 512
FOV (cm) 16 16 16
Slice thickness (mm) 1.5 2.5 0.5
Gap 0 0.5 0
No. of excitations 1 1 1

* FSE — fast spin-echo

three and fifteen years of clinical experience, respectively)
and ROI measurement was performed by one musculo-
skeletal radiologist (S-Y.P) at first. ROI analyses were
manually performed for image evaluation. The readers
were blind with regard to the arthroscopic findings of
chondromalacia.

The T2 mapping from 10 randomly chosen patients that
contained 1440 ROIs were reviewed a second time indepen-
dently by the two musculoskeletal radiologists for qualitative
study. The second review of the T2 mapping was performed in
the same manner as the initial review and was used to assess
interobserver agreement.

In order to evaluate the morphological change before and
after MAT for each ROI, we used conventional MR sequences

b  anterior central posterior

Fig.1 Segmentation method for quantifying the articular cartilage of the
femoral condyle. (a) Two, separate, sagittal T2 maps were selected for
analysis 6 mm medially and 6 mm laterally (black line) from the central
point of articulation (dotted line) of the lateral tibiofemoral joint. (5) ROI
analyses were performed at the main weight-bearing area of the articular
cartilage divided into three portions including the anterior and posterior

@ Springer

using sagittal and coronal proton density (PD) fast spine-echo
(FSE), and 3D fat-saturated intermediate-weighted FSE
images.

Grading system

The morphological MRI classification system for grading of a
chondral abnormality is based on modified Outerbridge’s clas-
sification. The chondromalacia was graded at each location
with reference to the arthroscopic grading taking into account
the depth and size of the most severe chondral lesions [27, 28].
In our present study, the modified Outerbridge’s classification
was simplified and re-grouped into three groups as follows:
group | (corresponding to grades 0 and I); group 2

T2 value

meniscal coverage areas, and the middle weight-bearing portion. (c)
Matched with sagittal T2-weighted imaging, T2 measurement was
performed using a colour-scale T2 map. Two enlarged sections of
sagittal cartilage T2 map were selected. Each subregion included the
entire thickness of the articular cartilage and was equally divided into
two equal-sized deep and superficial layers
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(corresponding to grade II); and group 3 (corresponding to
grades I1I and IV). Arthroscopic examination was performed
during MAT.

Clinical evaluation

All patients were evaluated by an orthopaedic surgeon to de-
termine the clinical score at baseline and at 1 year after MAT.
The modified Lysholm scoring system was used for the as-
sessment of clinical outcomes of knee surgeries involving
patients with chondral damage. The Lysholm knee scale is
an 8-item questionnaire scored on a 0—100 weighted scale
measuring pain, instability, locking, swelling, limp, stair-
climbing, squatting and use of support [29].

Statistical analysis

A linear mixed model [30] was used to analyze the mean T2
value changes of articular cartilage during 1-year follow-up.
The mean T2 values of medial and lateral compartments, the
deep and superficial cartilage layers of the articular cartilage,
and the chondromalacia groups were also evaluated on serial
follow-up images by a linear mixed model. The paired
Student’s 7 test was used to compare the clinical scores before
MAT surgery and at 1-year follow-up. Spearman correlation
analysis was used to assess if the percentage change of the
mean T2 value from baseline to 1 year was associated with
that of the clinical outcome scales. Interobserver agreement
between the two readers was by assessed using ICCs and the
95 % Bland-Altman limits of agreement. An intraclass corre-
lation coefficient (ICC) greater than 0.75 was considered to
represent good agreement [31]. Values of p < 0.05 were con-
sidered to indicate statistical significance. Data handling and
statistical analyses were performed using SAS® version 9.2
(SAS Institute, Inc., Cary, NC, USA), SPSS version 20.0
(SPSS Institute, Chicago, IL), and MedCalc version 16.2.1
(MedCalc Software, Mariakerke, Belgium).

Results
Study subject characteristics

Fifty-two patients who underwent lateral MAT surgery at our
hospital were included in the study. Our study group consisted
of 26 men and 26 women with an average of age 32.0
+ 11 years (age range, 15-55 years) at the time of meniscus
transplantation. T2 maps from the 2496 allocated regions in
the 52 patients were measured at all 6 MRI time points, that is,
preoperatively and 2 days, 6 weeks, 3 months, 6 months, and
1 year following the surgery. A total of 14,976 ROIs were
measured for T2 value evaluation.

Morphologic evaluation

Table 2 shows the subject characteristics of the number of
allocated regions of cartilage segmentation and those of the
chondromalacia grade in each segment during operation.
There were 72 group 1 lesions, 177 group 2 lesions, and 63
group 3 lesions in the lateral femoral condyles, and there were
84 group 1 lesions, 173 group 2 lesions, and 55 group 3 le-
sions in the lateral tibial plateau. In follow-up cartilage assess-
ment performed after one-year, most areas (92.9 %) showed
no interval change of the chondromalacia grade. Sixteen car-
tilage lesions (2.6 %) showed aggravation of the
chondromalacia grade after MAT. Twenty-eight cartilage le-
sions (4.5 %), all of which belonged to group 3, showed im-
provement of the chondromalacia grade on the follow-up
images.

T2 value changes of articular cartilage on serial MRI

There was a trend of decrease in the mean T2 value following
MAT in both femoral condyles and tibial plateaus at each time
point over the one year (Table 3 and Figs. 2 and 3). The mean
T2 values of both femoral condyles and tibial plateaus rapidly
increased 2 days following MAT surgery compared with the
preoperative T2 values (p <0.001), and then gradually re-
duced to the baseline level after 1 year in both tibiofemoral
compartments. The decrease of T2 value from the 2 days post-
operative was most prominent during the first 6 weeks follow-
ing the surgery in both femoral condyles and tibial plateaus.
Interobserver agreement of ROI measurement of T2
maps was good for both readers with ICCs ranging from
0.76 to 0.92, with a mean of 0.85. The coefficient of
repeatability for measurement of interobserver agreement
ranged from 7.2 % to 13.2 % of the mean T2 values
(Table 4). Bland-Altman plots for T2 measurement of

Table 2 Study subject characteristics of the number of allocated
regions of cartilage segmentation and those of chondromalacia grade
during operation

Lateral Medial
compartment compartment
Chondromalacia grade in each segment
Femoral condyle
Group 1 (grade 0, I) 66 270
Group 2 (grade II) 183 40
Group 3 (grade III +1V) 63 2
Tibial plateau
Group 1 (grade 0, I) 84 243
Group 2 (grade II) 173 69
Group 3 (grade 11 +1V) 55 0
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Table3  Changes in the mean T2 values (ms) of lateral and medial tibiofemoral compartments according to postoperative follow-up interval. Analysis
showed an immediate post-operative increase in T2 values, which then gradually returned to baseline over 1 year

Preop. 2 days 6 weeks 3 months 6 months 1 year
LFC (operated)
Mean T2 +SD 409+10.8 48.1+12.2 43.1+11.5 424+11.3 42.8+11.2 42.7+11.3
MFC (control)
Mean T2 +SD 36.7£93 49.0+14.2 427+134 43.1+15.1 42.3+13.0 41.7+12.9
Estimate from preoperative baseline T2 value 0 6.46 (5.6-7.3) 1.7 (0.9-2.6) 1.2(04-2.0) 1.6(0.7-2.4) 1.4 (0.6-2.2)
95 % CI) *
p value <0.001 <0.001 0.005 <0.001 <0.001
LTP (operated)
Mean T2 +SD 29.6£89 351+11.0 31.4+10.1 30.7+10.2 30.1+£10.0 29.0+9.3
MTP (control)
Mean T2 +SD 28.6+74 389+11.5 343+13.3 34.1+94 33.7£9.6 33.9+10.1
Estimate from preoperative baseline T2 value 0 12.6 (10.1-15.1) 10.6 (8.2-13.1) 9.9 (74-12.4) 10.4(7.9-12.9) 9.5 (7.0-12.0)
95 % CI) *
p value <0.001 <0.001 <0.001 <0.001 <0.001

* linear mixed model

lateral femoral condyles and lateral tibial plateaus are
shown in the supplementary material.

T2 value changes according to the chondromalacia

In all three chondromalacia groups, there were significant dif-
ferences in the mean T2 values in both the superficial and deep
cartilage layers within the lateral tibiofemoral joint (p < 0.001,
Table 5). The mean T2 values differed significantly among the
chondromalacia groups, with the highest values in group 3
and the lowest in group 1 at the two layers of both the femoral
and tibial cartilages. Furthermore, zonal variations with the
characteristic pattern of high T2 values in superficial cartilage
layers were noted in both medial and lateral tibiofemoral com-
partment (p <0.001).

Correlation between mean T2 value changes and clinical
scores

Regarding the postoperative outcome, most of the patients
except two patients showed success of the operation. The
Lyshom knee score increased significantly from the mean

T2 value

3months

preoperative value of 62.5 (range, 23-95) to 89.7 (range,
64-100) at 1 year after MAT (p <0.001). Spearman correla-
tion analysis showed weak negative correlation in the lateral
tibial plateaus between the percentage change in the preoper-
ative values to 1-year mean T2 values and clinical scores (r=-
0.283, p=0.049), but no relationship was evident in lateral
femoral condyles (p > 0.05; Fig. 4).

Discussion

MAT has been shown to produce effective clinical outcome
for patients with symptomatic meniscal deficient knees [32,
33]. The results of this study also revealed clinical improve-
ment after MAT. In conventional MRI, there was no change of
articular cartilage in 92.9 % and improvement was shown in
4.5 %. However, T2 mapping demonstrated dynamic changes
of cartilage, showing an initial increase in mean cartilage T2
value after MAT followed by return to baseline level after
1 year, although there was no strong correlation between T2
value and clinical score.

6 months
- O

Fig. 2 Sagittal colour-scaled T2 maps of group three chondromalacia in
the lateral tibial plateau anterior aspect, performed preoperatively, and at
2 days, 6 weeks, 3 months, 6 months and 1 year after MAT. The T2 maps

@ Springer

show initial increase of T2 value on a 2-day image following MAT, and
then gradually decreased up to one year (circles)
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Fig. 3 Changes in the mean cartilage T2 values of the operated lateral tibiofemoral compartment compared with those of the control non-operated
medial compartment over 1 year. There was a trend of decrease in the mean T2 values following operation in both tibiofemoral compartments

The initial increase in T2 value after MAT at 2 days post-
operative in this study could be explained by the restriction of
motion during the patient’s hospitalization. Mamisch et al.
reported that even after a 45-minute interval in which patients
were supine during MRI, the late unloading T2 values were
significantly higher than the early unloading values in both
cartilage repair tissue and native cartilage after matrix-
associated autologous chondrocyte transplantation [23]. This
could represent an increase in the mean T2 value at 2 days
postoperatively. Similarly, in a previous study using an animal
model, immobilization of the knee joint increased the water
content and subsequently decreased the proportional solid
component of the cartilage [34].

Several studies involving quantitative cartilage T2 as-
sessment have examined the loading condition in knee
cartilage. Liess et al. found in an in vivo study that detec-
tion of changes in cartilage water content due to exercise
and loading is feasible with T2 mapping. Rubenstein et al.
reported a T2 decrease in bovine articular cartilage in
response to compressive force that resulted from a com-
bination of net water loss and an alternation in collagen
orientational structure [35]. Subburaj et al. investigated

the changes of T2 relaxation time in young healthy adults
after 30 minute of running. A significantly large reduction
in relaxation times is observed in the central weight-
bearing region of the femoral condyle [36]. In agreement
with these studies, we speculate that a possible explana-
tion for the gradual decrease in the T2 value following
MAT might be the effect of decreased joint effusion and
cartilage loading during the postoperative period follow-
ing rehabilitation or daily activity. After surgery, weight-
bearing of the knee joints may cause water in cartilage to
move through the extracellular matrix due to mechanical
compression and the pressure gradient. This would then
be revealed as a gradual decrease of the T2 value during
the patient’s recovery period in both femoral condyles and
tibial plateaus.

Apart from the trend toward a T2 decline, the individ-
ual T2 values differed significantly according to the
chondromalacia grade; that is, they were the highest in
group 3 and the lowest in group 1 in the two layers of
both femoral and tibial cartilage. Our T2 values were sim-
ilar to those already reported. Lusse et al. showed a pos-
itive correlation between increases in the T2 relaxation

Table 4 Interobserver agreement
for measurement of knee cartilage

Lateral femoral condyle

Lateral tibial plateau

T2 values between two readers
ICC (95 % CI)

Coefficient of ICC (95 % CI) Coefficient of

repeatability* repeatability*
Preop. 0.88 (0.81, 0.92) 9.4 0.90 (0.85, 0.94) 7.2
2 days 0.85(0.77, 0.90) 13.2 0.92 (0.87, 0.95) 9.7
6 weeks 0.86 (0.79, 0.91) 8.4 0.88 (0.81, 0.92) 7.8
3 months 0.76 (0.64, 0.84) 11.5 0.80 (0.70, 0.87) 9.6
6 months 0.77 (0.66, 0.85) 12.2 0.87 (0.81, 0.92) 8.1
1 year 0.87(0.79, 0.92) 11.1 0.85(0.77,0.91) 8.8

* expressed as a percentage of the mean
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Table5 Mean T2 values (ms) according to the chondromalacia group in the superficial and deep layer cartilage of the lateral femoral condyle and tibial
plateau according to postoperative follow-up time point

2 days 6 weeks 3 months 6 months 1 year Estimate of group p value
(mean + SD) (mean + SD) (mean + SD) (mean + SD) (mean + SD) difference (95 % CI) *
Femur_deep
Grade 0/1 41.8+10.8 35.84+9.6 36.1+10.1 36.1+10.2 35.8+10.3 0
Grade 11 43.0+10.3 38.2+10.3 36.8+10.0 38.4+10.0 38.2+9.6 53(3.3-7.3) <0.001
Grade II/IV 46.1+12.6 43.6+11.9 429+11.9 41.2+10.7 41.1+11.0 11.9 (9.8-13.9) <0.001
Femur_superficial
Grade 0/1 5244111 46.3+11.0 453+10.7 46.8+11.6 46.2+11.9 0
Grade 11 52.4+10.8 473+10.3 46.4+9.3 47.1+9.8 47.4+10.3 4.6 (2.8-6.4) <0.001
Grade II/IV 5424143 49.7+11.1 50.2+12.2 47.8+10.0 47.66+10.0 8.3 (6.4-10.2) <0.001
Tibia_deep
Grade 0/1 26.7+5.6 23.7+6.1 237+5.9 23.1+6.3 23.3+6.3 0
Grade II 28.0+6.1 26.1+6.4 254+72 244463 233+6.4 1.9 (0.75-3.1) <0.001
Grade II/IV 354498 30.3+7.9 31.2+84 30.1+8.5 29.7+6.8 8.1 (6.8-9.4) <0.001
Tibia_superficial
Grade 0/1 38.6+11.0 34.5+10.6 33.9+10.4 33.2+10.0 32.2+9.36 0
Grade II 41.2+93 36.4+8.5 354+9.6 352+£8.6 33.7+84 2.5(1.14.0) <0.001
Grade LIV/IV 47.6+12.0 42.4+12.8 40.6+10.4 39.7+12.3 37.7+9.8 9.4 (7.8-11.0) <0.001

* linear mixed model

time and the cartilage water content in ex vivo cartilage
obtained from patients with osteoarthritis who underwent
total knee replacement surgery [37]. Dunn et al. reported a
correlation between increased T2 values and the severity
of osteoarthritis, with patients with osteoarthritis showing
significantly higher cartilage T2 values than healthy pa-
tients [38]. Together with chondromalacia grades, zonal
variations in the mean T2 measurements from the deep
to superficial cartilage layers were observed in both

Q

4004 o

200 )

-20.0 o

% change of T2 value of lateral femoral condyle
[e]

T T T T
-100.0 0 100.0 200.0 3000

% change of clinical score

Fig. 4 Scatter plots for the correlation analysis between the percentage
changes in the preoperative values to 1-year mean T2 values and clinical
scores in lateral femoral condyles (@) and lateral tibial plateaus (b). T2
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femoral condyles and tibial plateaus at all time points.
These earlier results are consistent with the findings of
our present study, with a comparable zonal pattern for
healthy control cartilage.

In most studies, MAT outcomes have been evaluated
using clinical parameters, regardless of the symptomatic
improvements or deterioration [5]. However, these clini-
cal assessments might not accurately reflect the true sta-
tus of the transplanted meniscus [6]. Quantitative T2

o

200 o

% change of T2 value of lateral tibial plateau

-40.0-

T T T T
-100.0 0 1000 2000 300.0

% change of clinical score

values correlate significantly with clinical scores in lateral tibial plateaus
(r=-0.283, p=0.049)
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mapping of articular cartilage allows the non-invasive
assessment of compositional changes in articular carti-
lage following meniscus transplantation. Little attempts
have been made previously to correlate clinical outcomes
with MRI or even T2 mapping [3, 8]. Although this
study concerns relatively short-term data, we tried to de-
termine if there was a correlation between the mean T2
value and the clinical score. Ideally, for clinically signif-
icant data, a controlled trial should be performed with a
larger sample size and appropriate adjustment for con-
founding variables.

Our study had several limitations. Firstly, the T2 value
was manually segmented for analysis, which is operator-
dependent and time-consuming. Automated cartilage seg-
mentation software might allow a larger dataset for car-
tilage evaluation, especially in a longitudinal study.
Secondly, we used arthroscopy as a reference standard
for the chondromalacia grade, not a histological evalua-
tion. There is significant operator variability in arthros-
copy, particularly regarding the chondromalacia location
or grade. Published data suggest that arthroscopy is ap-
proximately 95 % accurate and some results may be
misinterpreted when performed by an inexperienced op-
erator [39]. In our institution, one experienced arthro-
scopic knee surgeon with a consistent chondromalacia
grade record performed the MAT. Third, there is no con-
trol cohort in this study. The current study aimed to
observe the T2 value changes following MAT over 1 year.
Unfortunately, it was not possible to provide a control
group as it would be unethical to carry out this surgical
procedure on a healthy group. Therefore, the medial
tibiofemoral compartment was chosen as a control in
our current analyses to improve the reliability. Finally,
two different MR instruments in the same vendor’s scan-
ner were used for this single-center study. In further
study, prior to scanning, an inter-scanner comparison
study should be taken for feasibility.

The goals of MAT are to provide functional improve-
ment following replacement of the meniscus cushion and
to prevent further articular degeneration in a symptomatic
meniscectomized knee. Furthermore, the ultimate aim is
to achieve a long-term chondroprotective effect, which
still has been actively researched. Only the postoperative
reduction in T2 value could be observed over 1 year in
this study; however, a further study with a longer period
should be performed using quantitative MRI to establish
the lasting chondroprotective effect.

This study demonstrates postoperative recovery of knee
articular cartilage after MAT, quantified with T2 values of
the cartilage’s return to baseline level after 1 year. T2
measurement can be a useful tool and a more sensitive
biomarker for quantitative evaluation of postoperative car-
tilage changes compared to conventional MRI.
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