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Abstract

Purpose The displacement and deformation of the knee
meniscus significantly affect its roles; however, little is
known about the displacement and deformation patterns of
a torn medial meniscus. The objective of this study was to
evaluate quantitatively the patterns of displacement and
deformation in horizontally torn medial menisci during
knee flexion.

Methods Twenty patients with horizontally torn medial
menisci underwent three-dimensional (3-D) magnetic res-
onance imaging at varying degrees of knee flexion, and 3-D
computer models of the tibia, tibial articular cartilage, and
meniscus were generated. Based on these, the size of the
horizontal tear (% tear) was evaluated and defined as the
circumferential ratio between the length of the horizontal
tear and that of the entire meniscus. The 3-D meniscus
models were automatically superimposed over images
taken at 0, 20, 40, and 60° of knee flexion by the voxel-
based registration method. Meniscal motion and
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deformation during knee flexion were visualized and
quantitatively calculated on the mid-sagittal plane. Corre-
lations between the size of horizontal tear, displacement/
deformation of torn menisci, and clinical symptoms were
evaluated after conservative treatment for 3 months.
Results The % tear was 357 £ 125 % (range
13.7-55.5 %). During knee flexion, all torn menisci moved
posteriorly, with gradual widening of horizontal and ver-
tical gaps (p < 0.05). A direct correlation was observed
between % tear and change in the vertical tear gap during
knee flexion (p < 0.05). There was an inverse correlation
between Lysholm score and % tear (p < 0.05).
Conclusion Medial meniscal horizontal tears widen and
deform during knee flexion, and % tear correlates with the
change in the vertical gap. Patients with a lower % tear are
more capable of performing activities of daily living after
conservative treatment. This method may help clarify the
cause of pain in patients with medial meniscus tears as well
as facilitate the selection of an appropriate treatment plan.
Level of evidence Case series, Level IV.
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Introduction

Displacement and deformation of the knee meniscus sig-
nificantly affect its roles in lubrication, shock absorption,
load transmission, and laxity of the knee, as well as pro-
prioception in vivo [2, 9, 14, 15, 18]. According to previous
studies, a normal meniscus moves posteriorly during knee
flexion, and the displacement of the lateral meniscus is
larger than that of the medial meniscus [17, 21, 23, 25].
Boxheimer et al. [4] demonstrated that movements of lat-
erally displaceable meniscal tears during knee flexion
usually have longitudinal, radial, or complex configura-
tions; however, little is known about the displacement and
deformation patterns of a torn medial meniscus.

A quantitative method to analyse kinetics of knee joint
using magnetic resonance imaging (MRI) and a three-
dimensional (3-D) computer model has been developed
[24] and allows for analysis of meniscal displacement and
deformation patterns in a torn medial meniscus. Although a
horizontal tear of the medial meniscus is not always
symptomatic, some patients have knee pain during knee
flexion. This method may help to clarify the prognosis and
pathology of a horizontally torn medial meniscus, the latter
of which is a source of knee pain.

Hypotheses of the present study were as follows: (1) the
displacement and deformation of the horizontally torn medial
meniscus during knee flexion are correlated with tear size of
the 3-D image and (2) when treated conservatively, clinical
symptoms of patients with horizontal medial meniscus tears
correlate with tear size. The purpose of this study was to
evaluate quantitatively the correlations between tear size as
revealed by the 3-D image and displacement and deformation
of the torn medial meniscus during knee flexion using 3-D
MRI and 3-D computer modelling and to compare defor-
mation of horizontal tears with patients’ Lysholm scores.

Materials and methods

Twenty patients (14 men, 6 women; mean age,
32.0 4+ 11.8 years) with symptoms related to a medial
meniscus tear, such as catching, pain with squatting, and
recurrent effusions, were included in this study. Four patients
had a traumatic episode while performing activities of daily
living, and eight had a sport-related traumatic episode; the
remaining eight had no episodes. All patients were diagnosed
with a horizontal tear in the medial meniscus of Mink’s
classification type 3 [20] on the basis of two-dimensional
MRI. Results of the McMurray’s test were positive in eight
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patients and negative in 12 patients. No degenerative changes
were observed in the femorotibial or patellofemoral joint in
plain radiographs. Patients received conservative treatment
for 3 months, including physical therapy emphasizing the
quadriceps muscle, and instructions to refrain from sport
activity and squatting. All subjects provided informed con-
sent before study participation.

Acquisition of 3-D MRI

All subjects underwent 3-D MRI in the supine position using
a 1.5-Tesla MR scanner (Magnetom Espree, Siemens, Er-
langen, Germany) with a circular flexible surface coil
(extension position, CP Extremity; Siemens, flexed position,
Loop Coil; Siemens). The diameter of the bore (70 cm)
provided enough space for 0°-60° knee flexion. True fast
imaging with steady-state free precession sequences (fat
suppression using the water excitation method; TR, 9.77 ms;
TE, 4.33 ms; flip angle, 28°; field of vision, 20 cm; slice
thickness, 0.8 mm; matrix, 320 x 256; band width, 300 Hz/
pixel; time taken, 6 min) was used to acquire images, as it
enabled us to differentiate between cartilage, the meniscus,
and water among features within the images [6, 22]. MR
images of 15 knees were taken in the four different positions
of 0°,20°, 40°, and 60° of knee flexion and of five knees in the
two different positions of 0° and 60°, using a custom-made
leg holder with patients in the supine position (Fig. 1). Knee
flexion angle was measured using a goniometer. To maintain
neutral rotation, the legs were retained in a custom-made leg
holder during MR scanning.

3-D model preparation and voxel-based volume
registration

The bone, cartilage, and meniscal regions of 3-D MR images
were segmented semi-automatically with an intensity
threshold segmentation technique using commercially
available image analysis software (Virtual Place-M; Medical
Imaging Laboratory, Tokyo, Japan). Three-dimensional
models of the bone, cartilage, and meniscus were constructed
using the marching cubes technique [13] with the Visuali-
zation Toolkit (VTK, Kitware, Inc., Clifton Park, NY).

Segmented 3-D MR images of the tibia in the extended
position were superimposed over tibial images taken at
each position using the voxel-based volume registration
method [5], an image processing method for matching
voxels in the intersection region between volume images
based on voxel values. Correlation coefficients were used
to measure similarities in voxel values for registration,
minimizing the sum of squared intensity differences for
each segmented voxel. Thus, relative positions of the
meniscus in relation to the tibia were visualized [7, 16, 24]
(Fig. 2a, b, ¢, d).
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Fig. 1 aImage of the custom-made leg holder. The leg holder consists of eight pieces: five 10° pieces, two 20° pieces, and one 90° piece. b, ¢,

d Patient’s knee was kept at each angle by combining these pieces

Fig. 2 a 3-D MR image in the extended position. b 3-D MR image
with knee flexion. ¢ A 3-D MR image of the tibia in the extended
position superimposed over a 3-D MR image of the tibia with knee
flexion using the volume registration technique. d 3-D computer
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models of horizontally torn medial menisci at each flexion angle on
3-D computer models of the tibial bone and cartilage in the extended
position, visualized by the Visualization Toolkit (VTK, Kitware Inc.

Clifton Park, NY)
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Fig. 3 a A 3-D model of the a ij
meniscus was cut along the

posterior

sagittal plane (red line), which
crossed the most posterior part
of the medial tibial plateau. b 10
reference points (black dots)
and two reference lines (black
dashed lines) were defined.

¢ Three-dimensional (3-D)
computer models were
constructed using the marching
cubes technique. The
circumferential length of the
horizontal tear (X, short double-
headed arrow curve) was
measured along the outer rim of
the entire circumferential length
(Y, long double-headed arrow
curve) of the meniscus on 3-D
meniscus models (% tear = X/
Y x 100)

med

anterior

Quantitative evaluation of displacement/deformation
and horizontal tear size

Three-dimensional models of the bone and cartilage in the
extended position and of the medial meniscus in each position
were cut along the sagittal plane through the most posterior
point of the meniscus in the extended knee position, which
perpendicularly crossed the posterior border of the tibial
plateau (Fig. 3a). On the sagittal plane of the bone, cartilage,
and medial meniscus, 10 reference points and two reference
lines were defined, as described hereafter (Fig. 3b). First, six
points (A-F) in the anterior and posterior segments of the
medial meniscus were chosen as follows: for the anterior
segment, the anteroinferior corner of the cross section of the
meniscus (A); the free edge (B); and the anterosuperior corner
(C); for the posterior segment, the free edge (D); the pos-
teroinferior comer (E); and posterosuperior corner (F). Sec-
ond, four points (G-J) were picked in the horizontally torn
area: the anterior and posterior margins of the tear on the
inferior side (G and H, respectively) and the distal and
proximal margins of the tear on the synovial junction (Iand J,
respectively). Finally, two reference lines were drawn to
quantitatively measure the positions of 10 reference points
relative to the tibia by employing Shelfelbine [19] and Box-
heimer’s methods [3]. Briefly, a line paralleling the anterior
outermost edge of the articular cartilage of the tibial surface
(anterior tibial reference line, ATRL) was set perpendicularly
to a line paralleling the cortical surface of the tibial plateau
(horizontal tibial reference line, HTRL) on the sagittal plane.

) Springer

Distances from the reference lines to each point were
measured at 0°, 20°, 40°, and 60° of knee flexion in 15
patients and 0° and 60° of knee flexion in five patients. The
translation of each point between two different knee flexion
angles was calculated from the difference in distance at
each knee flexion angle.

The thickness, width, and tear gap of the torn medial
meniscus were calculated from the distance between two
points. The thickness was determined by the distance
between A and C for the anterior segment and between E
and F for the posterior segment. The width was determined
by the distance between A and B for the anterior segment
and between D and E for the posterior segment. The hor-
izontal tear gap was determined by the distance between G
and H and the vertical tear gap by the distance between I
and J.

To evaluate the size of the horizontal tear, the circum-
ferential ratio of the length of the tear to that of the entire
meniscus was calculated on a 3-D computer model of the
meniscus in full knee extension, defined as % tear
(Fig. 3c). Changes in the tear gap (AGH and AIJ) between
0° and 60° of knee flexion were calculated, and correlations
between AGH, AlJ, and % tear were evaluated.

Clinical evaluation
The Lysholm score was measured in 15 patients after

conservative treatment for 3 months and compared with %
tear.
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Table 1 Intra-observer and inter-observer standard deviation (SD),
coefficients of variation (CV), and intra-class correlation coefficient
(ICC) for 20 parameters

Flexion Point  Inter-observer Intra-observer
angle
SD cv ICC SD Ccv IccC
(mm) (%) (mm) (%)
0° A 0.0 00 09 00 00 09
B 0.0 0.0 0.6 54
C 0.6 10.8 0.6 10.2
D 1.0 4.4 0.0 0.0
E 1.0 2.1 0.6 1.3
F 0.6 6.0 0.0 0.0
G 1.2 34 0.6 17
H 0.6 1.5 0.6 1.6
1 0.6 17.3 0.0 0.0
J 0.0 0.0 0.0 0.0
60° A 1.5 417 09 00 0.0 09
B 1.2 7.4 0.0 0.0
C 0.0 0.0 0.0 0.0
D 0.6 2.4 0.6 2.3
E 0.6 1.2 0.6 1.2
F 1.0 7.7 0.0 0.0
G 0.6 1.6 0.6 1.6
H 0.6 1.4 0.0 0.0
I 0.6 13.3 0.6 15.8
J 0.6 7.5 0.6 79

ICCs for inter- and intra-observer were given for flexion angles 0° and
60°, respectively

Reliability measurement

Reliability calculations were based on the positions of 10
points (A-J) measured by the same observer (repeated
three times) and by three different observers. The intra- and
inter-observer standard deviation (SD), coefficients of
variation (CV), and intra-class correlation coefficient (ICC)
were calculated. Once the reliability measurements were
deemed satisfactory, one of the authors calculated the
positions of all 10 points.

The ethical review board of Osaka University approved
this study (No. 09157-2).

Statistical analysis

Statistical analysis was performed using SPSS 11.5J (SPSS
Japan Inc., Tokyo, Japan). The Wilcoxon signed-rank test
was used to compare data at 0° and 60°, including relative
positions of A-F, thickness, width, and tear gap of the
medial meniscus with a horizontal tear. Spearman’s rank
correlation coefficient was used to analyse correlations
between AGH, AlJ, and % tear. p < 0.05 was considered
statistically significant.
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Results
Reliability measurement

The intra- and inter-observer SD, CV, and ICC were cal-
culated and are shown in Table 1. All values of ICC
exceeded 0.99.

Meniscal displacement and deformation

All menisci examined exhibited backward displacement
and deformation during knee flexion, but the pattern of tear
gap deformation varied between patients (Fig. 4).

The anteroinferior corner of the anterior segment moved
posteriorly during knee flexion (p < 0.05), with an increase
in the width of the anterior segment (p < 0.05), resulting in
deformation of the anterior segment. The posteroinferior
corner of the posterior segment also moved posteriorly
during knee flexion (p < 0.05), with an increase in the
thickness of the posterior segment (p < 0.05), thereby
resulting in deformation of the posterior segment. The
widths of horizontal and vertical gaps gradually increased
with knee flexion (p < 0.05) (Table 2).

A direct correlation was observed (r = 0.68, p < 0.05)
between AGH and Al (Fig. 5a).

Horizontal tear size

The size of horizontal tear, defined as % tear, varied
between patients and ranged from 13.7 to 55.5 % (mean
value, 35.7 £+ 12.5 %).

A direct correlation was observed (r = 0.46, p < 0.05)
between % tear and change in the vertical tear gap during
0°-60° knee flexion (ALJ) (Fig. 5b). In other words, wid-
ening was more significant in a larger tear.

Clinical evaluation

The mean Lysholm score was 80.7 £ 16.4 after conser-
vative treatment. There was an inverse correlation between
Lysholm score and % tear (r = — 0.61, p < 0.05) (Fig. 6).

Discussion

The most important finding of the present study was that
displacement and deformation patterns in horizontally torn
medial menisci were clarified. This study has some
advantages over previously reported MR-based kinematic
studies on menisci, which evaluated meniscal displacement
in cadaveric or normal knees [17, 21, 23, 25]. Boxheimer
et al. [4] performed an in vivo kinematic MRI study to
characterize a displaceable meniscal tear using vertical
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Fig. 4 Deformation of the
horizontal tear of the medial
meniscus visualized in a 3-D
computer model. a Case 1. The
horizontal gap (GH) and vertical
gap (1)) increased during knee
flexion (black double-headed
arrows). b Case 2. The tear gap
was barely open during knee
flexion

Table 2 Translation of each point and changes in the thickness, width, and tear gap between two knee flexion angles

Knee flexion
0°-20°° 20°-40°° 40°-60°° 0°-60°°
Anterior segment A 0.0 £ 0.0 2.0+ 03 28+ 13 48 +1.5%
B 07+13 3.0+ 1.7 41+£13 7.4 + 2.6
C 02£09 3.6+ 14 33+£16 6.6 + 2.1*
AC? . 03+£1.0 —0.5+ 0.8 03 +08 -02 £ 1.1
AB® 07 £ 1.3 09 £ 16 13+15 2.1 +22%
Posterior segment D —-0.5 £ 3.1 22+29 2.8 £ 3.7 41 + 3.6"
E 03 %25 17+ 17 22 £23 37 £ 2.5
F 0.6 +25 1.6+ 1.7 19425 3.7 + 2.8
EF? —0.1+1.8 09+16 15+16 1.8 £ 1.7%
DE? 0.6 £ 1.0 —06+19 13415 —04 £ 26
Tear gap GH® 09+13 02+ 1.0 05+ 1.1 12 + 1.7%
e 0.1=+1.0 09+ 1.6 13+15 1.3 + 1.4%

Values are expressed as mean =+ standard deviation (mm)
#p <005

# AC; thickness of anterior segment, AB; width of anterior segment, EF; thickness of posterior segment, DE; width of posterior segment, GH;
horizontal tear gap, IJ; vertical tear gap

> n=15

Cn=20

open MRI In this study, the displacement and deformation  technique, which allowed visualization of virtual kine-
patterns of torn menisci were investigated in vivo using  matics and 3-D morphology of a torn medial meniscus [5,
3-D computer models with the volume-based registration  7]. Although some MRI-based studies of the biomechanical
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Fig. 5 a Scatter plot of the vertical gap change (AIJ) versus the horizontal gap change (AGH) with a best-fit line. b Scatter plot of the vertical

gap change (AlJ) versus % tear with a best-fit line
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Fig. 6 Scatter plot of Lysholm score versus % tear with a best-fit
line. n = 15

function of the torn meniscus have been reported [1, 10,
12], these studies did not describe the displacement and
deformation patterns of torn meniscus as in this study.
Some reports have described the translation of an intact
meniscus during knee flexion [21, 23-25]. Yao et al. [25]
used MRI to analyse the meniscal translation pattern in
normal knees during deep knee flexion and reported that
the medial meniscus translated posteriorly by 3.3 mm at
the posterior horn and by 6.5 mm at the anterior horn. The
results of the present study were similar in that the dis-
placement of a horizontally torn medial meniscus was more
pronounced in the anterior segment compared to the pos-
terior segment during knee flexion. Vedi et al. [23] deter-
mined changes in meniscal height in normal knees moving
from full extension to 90° flexion using a vertical open MR
scanner and reported that the height of the posterior horn of
the medial meniscus increased by 1.9 mm. In this study,
the thickness of the posterior segment increased by
2.1 mm, consistent with Vedi’s report. On the other hand,
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there was also an increase in the width of the posterior
segment in horizontally torn medial menisci, unlike the
previously described deformation pattern of a normal
meniscus [11].

This study showed that the degree of tear gap widening
during knee flexion varies among patients. A direct cor-
relation was observed between the size of horizontal tear
(% tear) and change in the vertical tear gap (AIl), i.e.,
larger tear gaps widened more during knee flexion. The
inter-individual variation in changes in the tear gap may be
associated with differences in the size of the horizontal
tear. Although the exact mechanism is unclear, the increase
in the tear gap during knee flexion might be caused by the
contact of the meniscus with the femoral and tibial carti-
lage, or due to the strong attachment on the posterior side,
which constrains the motion of the medial meniscus. Fur-
thermore, an inverse correlation was observed between tear
size and clinical symptoms after conservative treatment for
3 months. These results might explain the pain in patients
with horizontally torn menisci, although further studies are
warranted.

There were some limitations to this study. First, the
accuracy test between an MR image or 3-D computer
model of the torn meniscus and the torn meniscus in vivo
has not been verified. Although the wedge-shaped, low-
signal intensity structure observed on MR images has been
shown to accurately represent the normal meniscus in vivo
[8], further studies are needed in order to verify the accu-
racy of a 3-D computer model in representing a torn
meniscus in vivo. Second, this study was performed at no
more than 60° of knee flexion. Analysis of deep knee
flexion over 60° is underway but is limited by pain expe-
rienced in patients with horizontal tears. Further investi-
gation is required to obtain more specific details on
meniscus displacement and deformation. Third, the present
study examined deformation patterns in a non-weight-
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bearing position. According to Vedi et al. [23], the trans-
lation pattern and changes in meniscal height during knee
flexion increased with increasing load, and thus, the dis-
placement and deformation patterns of horizontally torn
medial menisci are expected to change with weight-bear-
ing, although further studies are necessary. Finally, there
were no controls in this study. The displacement of the
intact meniscus has been described previously [17, 21, 23,
25]; therefore, the results of this study were compared to
the results described in those reports. Despite these limi-
tations, the meniscal displacement and deformation pat-
terns could be visualized using 3-D computer models
reconstructed with 3-D MR images. Understanding the
displacement and deformation patterns of a torn medial
meniscus may help clarify the cause of pain in patients and
facilitate the selection of an appropriate treatment plan.

The clinical relevance of this study is as follows: First,
conservative or operative treatment can be selected
depending on whether the width of the tear gap increases.
Second, this method may help clarify further the pathology
for other tear types or assess treatment outcomes via
evaluation of functional morphology.

Conclusion

Horizontal tear of the medial meniscus was found to widen
and deform posteriorly during knee flexion. Moreover,
widening of the tear gap correlated with the size of a
horizontal tear, with an inverse correlation between the size
of horizontal tear and Lysholm score after conservative
treatment.
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In order to overcome potential problems associated with autologous chondrocyte implanta-
tion, mesenchymal stem cell-based therapies could be potential alternatives. Conventional
stem cell-based therapy accompanies the separation of cells from tissue followed by
monolayer culture for the expansion of cell numbers. On the other hand, the cost of cell
culture under quality control is high, which could be a potential barrier for industrialization. In
order to reduce the cost associated cell culture, culture-free cell-based therapies have been
investigated with the use of bone marrow aspirate. In this chapter, we will introduce the three
stem cell-based therapies in cartilage repair. The first two procedures are using cell culture
methods and the last one with cell-free method. All the three methods have been into the stage
of clinical trials and their surgical procedures as well as their preliminary results will be

reported.
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introduction

t is widely accepted that chondral injuries usually do not

heal spontaneously.'” Therefore, a variety of approaches
have been tested to improve cartilage healing. Among them,
chondrocyte-based therapies have been extensively studied
since the successful report of autologous chondrocyte implan-
tation. However, this procedure may have limitations includ-
ing the sacrifice of undamaged cartilage within the same joint
and alterations associated with the in vitro expansion of the
cells. Furthermore, because of the degenerative changes in
cartilage accompanying aging, the availability of the cells may
be limited in elderly indivicuals.”
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To overcome such potential problems, cell-based therapy
using mesenchymal stem cells (MSCs) could be a promising
alternative because of the relative ease ol harvest and their
strong potential for differentiation into multilineage tissues
including cartilage.®”

In this article, we introduce 3 interesting topics related
to stem cell-based therapy in cartilage repair. The first 2
topics feature the cell culture-based methods (clinical and
translational) and the third topic introduces a culture-free
method.

This article has been approved by all the institutional review
boards and a written informed consent was obtained from
every patient before their inclusion in the study.

Bone Marrow MSC-Based
Therapy—From Bench to Bedside
There is little doubt among scientific and medical communities

that stem cells, especially MSCs, can be used to treat diversified
clinical conditions, from immune modulation to tissue
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regeneration. In cartilage repair, there have been many
experimental and clinical studies on MSC-based therapy
reported with promising results.*"? However, unfortunately,
the use of stem cells in therapy without proper regulatory and
clinical control has been still controversial and, in some way,
scandalous. ' *'°

A multdisciplinary orthopaedic-based research group, led
by Hui et al, in National University Hospital, Singapore, has
systematically developed and translated MSCs for cartilage
repair: starting from in vitro research, through animal studies,
and finally into clinical trials. First, they have demonstrated
that the human bone marrow (BM) is a better source of MSCs
than the adipose tissue is.!” Tn this study, BM and adipose
MSCs were cultured from the same sets of donors. Results
showed that although MSCs from both sources were capable of
trilineage differentiation, BM MSCs produced significantly
more collagen 11 and s-glycosaminoglycan, suggesting their
superior potential for cartilage repair. The next significant
progress was demonstrated in small and large animal models,
where Lee et al'® demonstrated that BM MSCs were capable of
enhancing cartilage repair. 0

Nejadnik et al answered an important question of which is
superior: autologous BM MSCs vs autologous chondrocyte
implantation. In a cohort study, they were able to report
comparable efficacy when using BM MSCs as compared with
using chondrocytes. The results showed that although both cell
types were capable of improving cartilage repair, MSCs were
superior in longer-term follow-up, worked just as well in older
patients (older than 45 years, which was not replicated n
chondrocytes), and required 1 session less of knee surgery,
translating into cost savings and potentially lower health risks.'”

Current techniques of cartilage repair such as autologous
chondrocyte implantation require another open surgery after
the initial biopsy and harvesting. The use of intra-articular,
injectable, cultured, autologous BM MSCs for cartilage repair
was investigated and optimized by the research group. Lee et
al,’® using a porcine model, were able to demonstrate the
efficacy and viability of using intra-articular injections of MSCs
suspended in hyaluronic acid.
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Figure 1 A graph showing the International Knee Documentation
Committee (IKDC) sum score: injectable vs open technique.
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Figme 2 A graph showing the Lysholm score: injectable vs open
technique.

In view of concrete consistent evidence from in vitro
research to large animal studies, clinical trials are designed
and carried out to evaluate the clinical efficacy of using
intra-articular, autologous, cultured BM MSCs for cartilage
repair. The autologous BM MSCs used are processed in a
clean room environment (current good manufacturing
practice cell processing facility) and cultured for 3 weeks.
From participating subjects, 60 mL of BM and 60 mL of
whole blood are collected during the index surgery. The
index surgery includes International Cartilage Repair Soci-
ety classification of the lesion and microfracture techniques
as described by Steadman et al. "' After red blood cell
removal, the cells are seeded into culture flasks with
complete medium change every 2-3 days. When adherent
MSCs reach >30% confluency, they are trypsinized and
reseeded into the same number of flasks (p0 to p1), usually
within 9-12 days. Medium changes continue until MSCs
are > 80% confluent (usually between 21-28 days after BM
collection). Stringent release criteria include no microbial
contamination, confluency > 80%, normal MSC morphol-
ogy, and more than 75% viability. The cells are trypsinized
and collected, washed, resuspended in autologous serum,
and given as intra-articular injections with local anesthesia
along with hyaluronic acid.

Clinical trials conducted by Lee et al™ compared the
novel injectable method described earlier with the open
technique by which MSCs were implanted beneath a
sutured periosteal patch over the defect. In a prospective
comparative study comparing both methods with 35
patients in each arm, patients were followed up for 2 years
using clinical scoring systems. After 2 years, there were no
clinically significant adverse events reported. There was
significant improvement in mean International Knee Doc-
umentation Committee, Lysholm, SF-36 physical compo-
nent, and visual analog pain scores in both the groups
(Figs. 1 and 2). The injectable group demonstrated better
improvement in pain scores and SF-36 scores, but these
were statistically insignificant.”

Through systematic and careful research and development,
MSCs can be safely applied to patients for cartilage repair.

22
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Figure 3 (A) Histology (safranin O staining) of a TEC-treated chondral lesion and an untreated lesion 6 months following
implantation in a porcine model. (B) Tangent modules of normal cartilage, of an untreated chondral lesion, and of a TEC-
reated chondral lesion at a compression rate of 100 pm/s. There is no significant difference between the value of TEC-

treated lesion and that of normal cartilage (P = 0.297).

Although clinical results are preliminary, better outcome may
be expected when MSCs are added to common surgical
procedures. The group’s current research work can serve as a
model for the development of stem cell therapy into routine
applications, but under proper scientific, regulatory, and
clinical guidance.

Scaffold-Free Tissue-Engineered
Construct Derived From Synovial
MSCs

In addition to the selection of cell source, local delivery of cells
to chondral lesions is a crucial factor to determine the outcome.
It is widely accepted that the appropriate 3-dimensional (3D)
environment is important to optimize cell proliferation and
chondrogenic differen tiation.”” Therefore, a 3D scaffold, which
is seeded with cells, is usually used to repair the defect. Various
scaffolds have been approved for clinical use by various
governmental institutions.”” However, there are still several
issues associated with the long-term safety of the material. To
avoid unknown risk, exogenous materials should ideally be
excluded throughout the treatment procedure, and in this
regard, a scaffold-free cell delivery system could be a next-
generation alternative.”

Based on this concept, a scaffold-free, 3D, tissue-
engineered construct (TEC) that comprises MSCs derived
from synovium and the extracellular matrices synthesized
by the cells has been generated.®” The series of in vitro
experiments suggest that the TEC may be plastic, adhesive,

_66_

and capable of chondrogenic differentiation and thus could
be feasible to promote cartilage repair. This possibility was
confirmed following assessment of TEC implanted in vivo
into porcine chondral defects. The TEC firmly attaches to
the surface of injured cartilage at the initial stage of
implantation, and thus, a sutureless implantation is avail-
able. Herealter, the TEC maintains good tissue integration
to the adjacent cartilage matrix, and the repair tissue
exhibits chondrogenic differentiation without any evidence
of central necrosis up to 6 months after implantation
(Fig. 3A). Biomechanical analysis also reveals that the tissue
repaired with the TEC implant exhibits modulus similar to
the properties of normal cartilage (Fig. 3B). To our knowl-
edge, this study was the first demonstration of a successful
MSC-based therapy for the repair of chondral lesions in a
clinically relevant injury model without breaching the
subchondral plate.*”

Based on the results of the preclinical study, a research
group led by Nakamura et al stepped forward to a clinical
study at Osaka University Hospital, which has a current
good manufacturing practice-grade cell processing center,
and submitted the application of the “first-in-men” clinical
trial to the Ministry of Health and Labour of Japan in 2011.
They got the approval in 2012, and the clinical trial initiated
in 2013 after the preparation of good clinical practice-based
protocols.”® The patients with symptomatic chondral lesion
of the knee and who meet the inclusion criteria (isolated
chondral lesion <5 cm?, 20-60 years of age, with normal
alignment) have been enrolled in the trail since February
2013. Under general or spinal anesthesia, approximately
1 g of synovial membrane is harvested from the knee joint,
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Figure 4 (A) A ICRS Grade Il lesion in the medial femoral condyle after debridement. (B) Adjustment of the size of the TEC
to match the lesion size just before implantation. (C) Implanted TEC into the lesion. (D) and (E) T2 mapping of the lesion at
the fernoral groove. (D) Before implantation and (E) 6 months after implantation.

Figure 5 (A) Activated clotlike bone marrow aspirate concentrate (BMAC) after Batroxobin treatment. (B) A Grade IV lesion
of the lateral femoral condyle after debridement. (C) Covering of the lesion with a collagen-based matrix, after pasting the
clot into the lesion. (D) Biopsy obtained after 24 months. Safranin O staining reveals a well-organized cartilagelike tissue
with proteoglycan accumulation. The subchondral bone tissue is in a remodeling process. (E) Findings of the
immunohistochemical analysis of collagen type 1 are almost negative, with only a few Collagen I-positive cells at the
superficial layer. (F) Type 1I collagen is slightly positive in the extracellular matrix and at the cellular level.
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which is subject to the culture for the separation and
expansion of MSCs. In 3-5 weeks following tissue harvest,
the TEC is prepared for implantation. By miniarthrotomy
or arthroscopy, the chondral lesion is debrided so as to not
breach the subchondral bone (Fig. 4A arrows). Before
implantation, the TEC is washed several times with
phosphate buffered saline to remove call serum-related
proteins followed by the adjustment of the size to match the
chondral defect (Fig. 4B). Implantation is completed within
5-10 minutes, without any reinforcement for hxation
(Fig. 4C). After provisional closure of the joint capsule,
flexion and extension of the knee is done, followed by the
reexposure of the lesion to check the stability of the TEC.
The knee is immobilized in a brace for 2 weeks [ollowed by
the initiation of range-of-motion exercises and muscle
exercises. Full weight bearing is allowed after 6-8 weeks
of surgery. Retumn to strenuous activity is allowed around
12 months following implantation. Based on the type of
“first-in-men” study, the duration for follow-up is 1 year
and the primary end point of this study is the analysis of
adverse reactions. The secondary end point is the assess-
ment of feasibility, which consists of subjective assessment
(visual analog score [VAS] for pain [0 = no pain, 10 =
worst pain], and knee injury and osteoarthritis outcome
score [KOOS]) and structural assessment. For the structural
assessment, histologic analysis of the biopsy specimen at 12
months and magnetic resonance imaging (conventional

Table Rehabilitation Phases and Objectives

and quantitative such as T2 mapping) at 3, 6, and 12
months are performed (Fig. 4D and E ). This clinical study
will be completed by March 2015.

Culture-Free Cell-Based Therapy
Using Autologous Bone Marrow
Aspirate Concentrate

Stem cell-based therapy in cartilage repair has started with the
procecure including cell culture process for cell expansion
before implantation,” which has been followed by many
studies.” " Conversely, recent studies have demonstrated that
adult stem cells secrete bioactive molecules that stimulate
angiogenesis and mitosis of tissue-specific and intrinsic pro-
genitors and reduce T-cell surveillance and inflammation and
that mononuclear stem cells are also able to repair damaged
tissue.” " These findings suggest that cell selection and
cultivation in the laboratory might not be necessary. Here,
we describe the techniques and early results of the implanta-
tion of culture-free autologous BM aspirate concentrate
(BMAC) in chondral lesions. In Orthopaedic Arthroscopic
Surgery International Bioresearch Foundation, 25 patients
who presented with symptomatic [ull-thickness chondral
lesions of the knee and who met the inclusion criteria
(International Centre for Radio Science Grade TV cartilage

Phase Objectives Criteria to Progress
Phase 1: protection Protect the implant from excessive loads and shearing forces Full active knee extension
of implant Decrease pain and effusion Knee flexion > 120°

Gain full extension and gradual recovery of knee flexion

Retard muscle atrophy

Phase 2: recovery
of gait

Return to normal gait pattern

Increase the strength of the quadriceps or flexors

Recovery of full range of motion
Phase 3: maturation Return to a correct running pathway

and running

Increase in strength of quadriceps and flexors
muscles—further increase in functional activities level

Phase 4: sport-
specific recovery
Recovery of sport-specific skills

Prepare athlete for a return to team and competition
with good recovery of the aerobic endurance
Maintain a good quality of life, avoiding excess

Progressive recovery in daily functional activities

Sustain high loads and impact activities

No pain or minimum pain and
swelling

No pain during weight bearing

Adequate muscle recruitment

Normal gait

Recovery of nearly full ROM (full
extension, flexion > 135°)

Adequate muscle tone and
neuromuscular control

No pain or swelling

Running without pain or swelling at
8 kmph for 10 min

Adequate recovery of coordination
and neuromuscular control

Recovery of strength

> 80% Contralateral limb

Single leg hop test: >80%
contralateral limb

Running without pain or effusion at
10 kmph for 15 min

Recovery of strength >90%
contralateral limb

Single leg hop test: >90%
contralateral limb

Recovery of sport-specific skills

of body fat, and preventing risk of reinjury

ROM, range of motion.
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lesions, 30-60 years of age with body mass index <30, and
stable knee with normal alignment or correctable alignment at
the time of cartilage repair) were enrolled. They were followed
up for a minimum of 3 years. All surgeries were performed by
the same surgeon and under spinal anesthesia with routine
sterile preparation and draping, 60 mL of BM was harvested
from the ipsilateral iliac crest; a sample of which was sent to an
independent laboratory to quantify the colony-forming unit
(CFU/mL) of MSCs per patient. The BM was centrifuged using
a commercially available system following the manufacturer’s
recommendations so as to concentrate the BM cells 4-6 times.
(BMAC Harvest Smart PReP2 System, Harvest Technologies,
Plymouth, MA). Using Batroxobin enzyme (Plateltexact, Pla-
teltex S.R.Q., Bratislava, SK) the BM concentrate was activated
so as to produce a sticky clot material (Fig. 5A). Using a
miniarthrotomy, the chondral defect was prepared and
debrided so as to obtain a contained, shouldered defect before
implantation (Fig. 5B). Specific attention was paid to remove
the calcified layer if present, while avoiding penetration of the
subchondral bone. Using a template, the collagen membrane
was readied and finally, the prepared clot was implanted into
the cartilage defect. The collagen-based membrane scaffold
(Chondro-Gide, Geistlich Wolhusen, CH) was anchored to the
surrounding cartilage using a polydioxanone suture and sealed
with fibrin glue (Tissuecol, Baxter. Spa, Rome, Ttaly) (Fig. 5C).
Flexion and extension of the knee were done under arthro-
scopic visualization to check the stability of the membrane.
After surgery, all patients underwent the same rehabilitation
program at the same center (Table). Radiographs and magnetic
resonance imaging were performed preoperatively at 1 year,
2 years, and final follow-up. Range of motion, VAS for pain
(0 = no pain, 10 = worst pain), KOOS, and Tegner and Marx
scores were obtained preoperatively and at 12 months, 24
months, and final follow-up. Second-look arthroscopy was
performed in 6 knees within 2 years, and 4 patients consented
for a concomitant biopsy; the samples were taken from
regenerated tissue in the site of the treated chondral lesion
and analyzed histologically. All 25 patients (16 males and
9 females) were available at final follow-up (minimum 36
months, average 42 * 3 months). Analysis of data revealed
significant improvement in Tegner and Marx scores, VAS, and
KOOS at 1 year, 2 years, and at final follow-up when compared
with their respective preoperative scores (P < 0.03). All
patients returned to previous daily and specific sport activities;
however, only 32% were able to perform at the preinjury level
at final follow-up.

Second-look arthroscopies revealed a smooth, newly
formed tissue that was continuous with the healthy surround-
ing cartilage. Good histologic findings were reported for the
4 specimens analyzed, which presented with many hyalinelike
cartilage features (Fig. 5D-F). Although the biopsy specimens
were obtained only from 4 knees, the observed level of
maturity, at the latest time point, seems higher than that
obtained by other authors with cell suspension autologous
chondrocyte transplantation techniques at a similar time
point. 1

Use of MSCs in the repair of full-thickness articular cartilage
lesions can be a promising treatment option in younger

patients who are in need of a salvage procedure. We
introduced a culture-free (1 step) method (autologous BMAC).
This method can be a viable treatment option for severe
chondral lesions of the knee. Longer-term follow-up as well as
the future prospective comparative studies are needed to prove
the significance of this method as an alternative of autologous
chondrocyte implantation.
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Abstract

Background Most patients with recurrent patellar dislo-
cation show cartilage damage in the patellofemoral joint.
Medial patellofemoral ligament reconstruction has become
one of the most important surgical techniques for treating
recurrent patellar dislocation. However, patellofemoral
chondral status after this reconstruction has not been elu-
cidated. The purpose of this study was to investigate the
effects of medial patellofemoral ligament reconstruction on
articular cartilage in the patellofemoral joint by comparing
the arthroscopic chondral status at the time of reconstruc-
tion with that at second-look arthroscopy.

Methods Participants in the present study comprised 31
patients (22 females, 9 males; 32 knees) who underwent
second-look arthroscopy at a median of 12 months (range
6—40 months) after dual tunnel medial patellofemoral lig-
ament reconstruction using a double-looped autologous
semitendinosus tendon graft. Median age at the time of
initial surgery was 20 years (range 13-43 years). The pa-
tellofemoral joint was divided into six portions, comprising
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the medial facet of the patella, central ridge, lateral facet of
the patella, anterior medial femoral condyle, femoral
groove, and anterior lateral femoral condyle. Chondral
status in each portion according to the International Car-
tilage Repair Society classification was retrospectively
evaluated at the time of initial surgery and second-look
arthroscopy.

Results Before medial patellofemoral ligament recon-
struction, chondral lesions were observed in the patellofe-
moral joint in 31 knees (97 %). At the central ridge of the
patella, chondral damage was observed in 22 knees (69 %)
at initial surgery and damaged cartilages showed recovery
in 6 knees. No significant difference in the alteration of
chondral status was seen for the medial facet, lateral facet
of the patella, anterior medial femoral condyle, femoral
groove, and anterior lateral femoral condyle.

Conclusions According to short-term results, the patel-
lofemoral chondral status after medial patellofemoral lig-
ament reconstruction was not altered at second-look
arthroscopy in most part of patellofemoral joint. At the
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central ridge of the patella, significant improvement of the
International Cartilage Repair Society grading was
observed.

Introduction

The importance of the medial patellofemoral ligament
(MPFL) as the primary soft-tissue restraint to lateral
displacement of the patella has been corroborated by
several studies [1-3], and MPFL reconstruction has
become one of the most important surgical techniques
for treating recurrent patellar dislocation [4, 5]. Many
operative techniques to reconstruct the MPFL have been
described, and good mid-term clinical results with up to
97 % patient satisfaction and over 10 years of follow-up
have been reported [6].

Most patients with recurrent lateral patellar dislocation
show cartilage damage in the patellofemoral joint caused
by excessive lateral load, and continuation of patellar dis-
location exacerbates patellar cartilage lesions [7]. Several
in vitro studies have shown good effects of MPFL recon-
struction on patellofemoral kinematics and contact pressure
[8, 9]. Articular cartilage lacks a blood supply and is thus
regarded as having poor healing potential [10]. However,
one report supports the notion that cartilage lesions caused
by abnormal knee kinematics may be healed with the res-
toration of normal knee kinematics [11]. This fact may be
relevant to MPFL reconstruction.

On the other hand, over-tensioning of the graft and non-
anatomical surgery reportedly have adverse effects on pa-
tellofemoral articular cartilage. Moreover, the usage of a
much stronger tendon than the native MPFL, such as the
semitendinosus tendon or gracilis tendon, could also
adversely affect the patellofemoral joint [12]. MPFL
reconstruction thus still carries a risk for the development
of osteoarthritis, and clarification is needed to show whe-
ther the restoration of normal patellar tracking and pre-
venting further dislocation by MPFL reconstruction can
change the natural course of cartilage damage in patients
with recurrent patellar dislocation and avert further
development of osteoarthritis.

One study has investigated the arthroscopic chondral
status after MPFL reconstruction [13]. However, the
detailed location-specific response of damaged articular
cartilage after MPFL reconstruction has not been descri-
bed. The purpose of this study was to compare arthroscopic
chondral status at MPFL reconstruction with that at sec-
ond-look arthroscopy and to investigate the effects of
MPFL reconstruction on the articular surface of the patel-
lofemoral joint. Our hypothesis was that anatomical MPFL
reconstruction would not aggravate the patellofemoral joint
surface.
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Materials and methods
Patients

Between 2000 and 2009, a total of 81 patients underwent
MPFL reconstruction using double-looped semitendinosus
tendon at our hospital. All patients had patellar dislocation
twice or more and had been diagnosed with recurrent
patellar dislocation on physical examinations, showing a
positive apprehension sign in all cases. Among all 81
patients, 8 with a history of prior knee surgery (osteo-
chondral fracture fixation, 3 patients; medial tubercle
transfer, 2 patients; lateral retinaculum release, 2 patients;
medial reefing, 1 patient) and 2 (2.5 %) who had suffered
postoperative patellar fractures were excluded from the
investigation. One patient (1.2 %) with re-dislocation
during the follow-up period was also excluded from the
study. All patients included in this study underwent only
MPEFL reconstruction using double-looped semitendinosus
tendon without any other additional surgical procedure or
any intervention involving articular cartilage. Prior to
MPFL reconstruction, informed consent for second-look
arthroscopy 1-year after the initial surgery was obtained
from all patients. Participants in the present study com-
prised 31 patients (22 females, 9 males; 32 knees) who
underwent second-look arthroscopy at a median of
12 months postoperatively (range 6—40 months) with 2 or
more years of follow-up. Median age at the time of MPFL
reconstruction was 20 years (range 13-43 years). Median
Tegner activity score was 4 (range 3-9) (Table 1).
According to Wiberg’s classification, the shape of the
patellae of 12 patients was classified as type II and that of
20 patients was as type 1II. Based on trochlear dysplasia
classification according to Dejour [14], 7 knees had type A
trochlear dysplasia, 2 had type B, 8 had type C, and 12 had
type D. The study was approved by the local ethics com-
mittee and was conducted according to the principles of the
Declaration of Helsinki. The patients were informed that
data from the case would be submitted for publication and
gave their consent.

Surgical technique

All reconstructions were performed using a modified “dual
tunnel medial patellofemoral ligament reconstruction”
technique, as reported by Toritsuka et al. [15]. First,
chondral status and patellar tracking were carefully eval-
uated by arthroscopy. A semitendinosus autograft was then
harvested. The distal end of the tendon was used and
doubled over. A small 1-cm incision was made on the
lateral side of the patella, and a skin incision approximately
5 cm in length was made from the medial patellar edge to
the medial femoral epicondyle. Two patellar guidewires
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Table 1 Demographic data and arthroscopic findings

Patient Sex Age Tegner Wiberg Dejour’s trochlear
activity classification  dysplasia classification
scale

ICRS classification

Before MPFL reconstruction Second-look arthroscopy

MP CR 1P MF FG LF MP CR LP MF FG LF

1 M 23 4 3 C
2 F 31 3 3 D
3 F 15 4 2 C
4 F 16 9 3 D
5 M 20 8 3 D
6 F 14 4 3 D
7 F 3 3 3 C
8 M 27 6 3 A
9 F 20 3 3 D
10 F 18 4 3 B
11 M 18 9 2 D
12 M 28 4 3 D
13 M 20 7 3 B
14 M 23 6 2 A
15 M 18 9 2 C
16 F 16 4 3 C
17 F 28 3 2 C
18 F 21 3 3 D
19 F 18 3 2 A
20 F 14 7 3 D
21 F 39 7 2 C
22 F 20 4 3 A
23 F 13 7 2 A
24 F 17 3 3 D
25 F 22 3 3 N
26 F 13 3 3 N
27 F 39 3 2 D
28 M 14 7 3 N
29 F 43 6 3 A
30 F 23 3 2 C
31 F 35 3 2 A
32 M 17 3 2 D

OO R LW OON OO OO0 WO OOWhHARAREOOONOODOWHROOD
O NN O OO R OO = RNN A ONDWONOR—~bBOALEDRNDNDA
O 00 0 OO0~ 000000 00000000000 O 00O N M
O ON OO OO0 OO0 0000000000000 0000 000
OO0 OO OO0 OO 0000000 O0ONOO00—,00ONO OO AO
OO0 0 0O OO0 OO WNOONOOOOOC~N=2.00O0O0NO =0 O
O O~ WNOONOOOODO WO OOWAHAERRMODODOWOOO WHAOOD
O NN OO ON OO~ —mNm WO NNWORNOOMR = A O A WDH WD NN
OO0 00O~ C 000000 00000000000 00O N O W
O 0O~ OO0 OO0 00D ODDD OO~ OO0 0O0ODO OO
—_ —_, 0 0 0 00 000 OO MO0 0000 O0ON OO0 = mONN—=O &~ O
O OO0 O 0000 OO0 = OONOOOO O ONOOOOOOO OO

[\
<
o
(]
[
[\
(o]

MP medial facet of the patella, CR central ridge of the patella, LP lateral facet of the patella, MF anterior medial femoral condyle, FG femoral

groove, LF anterior lateral femoral condyle, N normal

were transversely inserted, one from the proximal one third
of the medial edge of the patella and the other from the
center of the patella. Patellar guidewires were over-drilled
using a 4.5-mm cannulated reamer to create sockets with a
depth of 15 mm. Another guidewire was inserted from the
superoposterior portion of the medial femoral epicondyle
toward the proximal cortex of the lateral femoral condyle.
The guidewire was overdrilled with an ENDOBUTTON®
drill (Smith and Nephew Endoscopy, Andover, MA), and a

5-6 mm socket was created at the anatomical femoral
insertion of the MPFL. The center of the graft was pulled
into the femoral socket and fixed using an ENDOBUT-
TON®. The two free ends of the graft were pulled into the
bone sockets of the patella and fixed using an ENDO-
BUTTON® on the lateral side of the patella at 45° of knee
flexion. At this time, care was taken not to place too much
tension on the graft. After fixation of both sites, negative
manual lateral dislocation of the patella was confirmed.
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Postoperative Management

The knee was immobilized with a brace at 45° of knee
flexion. Upon removal of the brace at 2 weeks after MPFL
reconstruction, passive and active-assisted range of motion
exercises for the knee were started. Weight-bearing was
gradually increased to full at 4 weeks postoperatively.
Running was allowed at 3 months, followed by a return to
previous sporting activity at 6 months [13].

Evaluations

Chondral status of the patellofemoral joint according to the
International Cartilage Repair Society (ICRS) classification
[16] was retrospectively evaluated using photographs taken
both at the time of MPFL reconstruction and at the second-
look arthroscopy through lateral suprapatellar and antero-
lateral parapatellar portals. The photographs taken both at
the initial surgery and at the second second-look arthros-
copy were evaluated by the senior author and the corre-
sponding author, respectively. The patellofemoral joint was
divided into six portions, comprising the medial facet,
central ridge and lateral facet of the patella, and the ante-
rior medial femoral condyle, femoral groove, and anterior
lateral femoral condyle. Chondral status in each portion at
the time of MPFL reconstruction was compared with that at
second-look arthroscopy. Clinical data including the inci-
dence of recurrent patellar subluxation or dislocation, lat-
eral patellar mobility, lateral patellar apprehension sign,
and Kujala score were evaluated. Pre- and postoperative
radiographic values including the sulcus angle, lateral tilt
angle, and congruence angle were also evaluated [13].

Statistical analysis

The data analyses were expressed as mean = standard
deviation (SD) of the mean. Statistical analyses were per-
formed using Student’s ¢ test and the Wilcoxon rank-sum
test. Values of P < 0.05 were defined as significant.

Results

All patients showed a normal range of motion at the time of
second-look arthroscopy. As for passive patellar mobility,
abnormal lateral patellar movement was identified in all
cases preoperatively. At second-look arthroscopy, all
patellae were firmly fixed within the femoral groove, and
no abnormal lateral mobility was evident in any case. Mean
Kujala score improved from 72 £ 8 to 94 £ 5 at 2-year
follow-up. While 28 knees showed clear improvements in
the apprehension sign, positive results were still evident in
4 knees. Mean sulcus angle was 147.8° 4+ 8.9°.
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Table 2 Radiographic measurement

Before MPFL  Immediately after ~ Second-look

reconstruction MPFL arthroscopy
reconstruction
Lateral tilt —0.1 £ 15.6 5.4 £ 9.3" —2.6 + 13.8*°
angle (%)
Congruence  17.4 4 22.8 —11.3 £+ 18.7* 7.8 & 22.3%°
angle (%)

Values are expressed as mean = standard deviation
* P < .05 compared with before MPFL reconstruction
® P < .05 compared with immediately after MPFL reconstruction

Medial facet
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Fig. 1 Chondral status of the medial facet of the patella according to
ICRS grading at MPFL reconstruction and at second-look arthroscopy

Preoperatively, mean lateral tilt angle and mean congru-
ence angle were —6.1°+ 15.6° and 17.4° £ 22.8°,
respectively. Immediately after MPFL reconstruction, these
indices had improved. At second-look arthroscopy, these
indices had returned toward preoperative values to some
extent (Table 2). However, significant improvement was
still seen at second-look arthroscopy.

At the time of MPFL reconstruction, chondral lesions
were observed in the patellofemoral joint in 31 cases
(97 %). Chondral damage at the medial facet of the patella
was observed in 12 knees at MPFL reconstruction. No
change of ICRS grading was observed in nine knees. One
knee improved from grade 4 to 1. Two knees deteriorated
(one knee from 2 to 3, one knee from 1 to 2). No significant
difference in alteration of chondral status was seen for this
location (Fig. 1). At the central ridge of the patella,
chondral damage was observed in 22 knees at initial sur-
gery. Of these, six knees exhibited improvement of ICRS
grading (two knees from 4 to 3, three knees from 4 to 2,



