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Abstract
Background Patellofemoral instability is one of the most
common causes of cartilage damage in teenagers.
Objective To quantitatively evaluate the patellar cartilage in
patients with patellofemoral instability using T2 relaxation time
maps (T2 maps), compare the values to those in patients
without patellofemoral instability and correlate them with mor-
phological grades in patients with patellofemoral instability.
Materials and methods Fifty-three patients with patellofemoral
instability (mean age: 15.9±2.4 years) and 53 age- and gender-
matched patients without patellofemoral instability were includ-
ed. Knee MR with axial T2 map was performed. Mean T2 re-
laxation times were obtained at the medial, central and lateral
zones of the patellar cartilage and compared between the two
groups. In the patellofemoral instability group, morphological
grading of the patellar cartilage (0-4) was performed and corre-
lated with T2 relaxation times.
Results Mean T2 relaxation times were significantly longer in
the group with patellofemoral instability as compared to those

of the control group across the patellar cartilage (Student’s t-
test, P<0.05) with the longest time at the central area. Positive
correlation was seen between mean T2 relaxation time and
morphological grading (Pearson correlation coefficiency,
P<0.001). T2 increased with severity of morphological grad-
ing from 0 to 3 (mixed model, P<0.001), but no statistical
difference was seen between grades 3 and 4.
Conclusion In patellofemoral instability, patellar cartilage
damage occurs across the entire cartilage with the highest T2
values at the apex. T2 relaxation times directly reflect the
severity in low-grade cartilage damage, which implies an im-
portant role for T2maps in differentiating between normal and
low-grade cartilage damage.

Keywords Cartilage . Children . Knee .Magnetic resonance
imaging . Patellofemoral joint . Patellofemoral instability . T2
mapping

Introduction

Patellofemoral instability encompasses a wide spectrum of dis-
eases, frommild patellofemoralmaltracking/malalignment issues
to complete dislocation of the patella impacting the lateral fem-
oral condyle. Patellofemoral instability is a leading cause of car-
tilage damage in the pediatric population, particularly in physi-
cally active children [1]. Most patients are affected during the
second decade of life and half of them suffer from recurrent
dislocation and/or subsequent instability of the patellofemoral
joint [2].

Plain radiographs are the first imaging exam in patients
with clinical suspicion of patellofemoral instability or with
nonspecific anterior knee pain; however, they are not diagnos-
tic in general [3] and, ultimately, MR imaging is pursued in
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most cases. MR findings of patellofemoral instability are very
characteristic; MR findings of acute patellar dislocation in-
clude cartilage damage of the medial facet of the patel-
la, bone marrow edema of the lateral femoral condyle
and medial stabilizer injuries [3–9]. Patellofemoral
maltracking, besides acute dislocation, refers to the dynamic
abnormality of patellofemoral joint. Patellofemoral
maltracking is evaluated with static as well as with kinematic
techniques [10]. Variable degrees of patellar cartilage damage
occur in patellofemoral instability and the medial facet of the
patella is known to be the most vulnerable spot in
patellofemoral instability [3–9]. Conventional MR imaging
has played a pivotal role in diagnosis and morphologi-
cal grading of cartilage damage [10]. However, morpho-
logical grading as roughly estimated on conventional
MR imaging tends to be subjective; furthermore, diag-
nostic accuracy is significantly limited, especially for
low-grade cartilage damage [11].

Quantitative MR using T2 relaxation time mapping (T2
map) is a biochemical imaging technique that enables inves-
tigation of the microstructural changes of the cartilage
[12–15]. The T2 map is highly sensitive to the orientation of
the collagen fibers and to water content within the cartilage.
For the diagnosis of early cartilage degeneration, the superi-
ority of T2 maps to conventional MR has been proven
in adults with osteoarthritis [16, 17]. However, the role
of T2 maps in cartilage imaging in children is still un-
certain. In contrast to senescent changes of the cartilage
in adults with osteoarthritis where T2 relaxation times
significantly increase with age, growing children have a
significant decrease in T2 relaxation times during skel-
etal maturation [18].

Our study aims to validate the role of T2 maps in imaging
patellar cartilage in children, in whom concurrent develop-
mental and pathological changes coexist. The purpose
of this study is to evaluate the patellar cartilage in pa-
tients with patellofemoral instability using T2 maps and
to compare their T2 maps with T2 maps of age- and
gender-matched subjects without patellofemoral instabil-
ity. Furthermore, T2 relaxation times in the patellofemoral
instability group will be correlated with morphological grad-
ing of the cartilage damage obtained from conventional MR.

Materials and methods

This study was approved by the institutional review board
(IRB) and was Health Insurance Portabi l i ty and
Accountability Act (HIPAA) compliant. T2 relaxation time
was performed as part of routine knee MR imaging, which
is approved by the Food and Drug Administration and one of
the widely accepted quantitative cartilage imaging techniques.

The requirement for informed consent was waived for this
retrospective study.

Subjects

Using the Picture Archiving and Communication System
(Merge PACS; Merge Healthcare, Chicago, IL), we retrospec-
tively reviewed 1,224 consecutive knee MRI exams, which
were performed because of clinical request at our institution
(Cincinnati Children’s Hospital Medical Center, Cincinnati,
OH, USA) during a 14-month period from January 2011 to
March 2012. The MR images and reports were reviewed by
H.K.K. (musculoskeletal radiology and pediatric radiology
fellowship training with 12 years’ experience inMR imaging).
Study subjects were then chosen to comprise a group with
patellofemoral instability and a group without patellofemoral
instability. Inclusion criteria for both groups were: 1) imaging
performed at our institution using 1.5-T imager (HDxt; GE
Medical Systems, Milwaukee, WI), and 2) MR exams includ-
ed at least an axial fast spin echo T2-weighted sequence with
fat suppression and axial T2 maps.

Additional inclusion criteria for the patellofemoral instabil-
ity group included: 1) age range from 5 to 22 years, and 2)
either a history of lateral patellar dislocation, subluxation or
general patellar instability in one or both knees, or persistent
anterior knee pain with clinical findings supporting
patellofemoral instability, such as increased Q angle and pos-
itive apprehension patellar tilt tests [19, 20]. The subjects, who
had patellofemoral instability associated with a developmental
condition or syndrome, such as Down syndrome, cerebral
palsy or Ehlers-Danlos syndrome, were excluded. A total of
53 patients with patellofemoral instability were included: 15
male, 38 female, mean age: 15.9 years (range: 8 to 21 years,
standard deviation: 2.4 years).

Additional inclusion criteria for the group without
patellofemoral instability included: 1) no known previous his-
tory of anterior knee pain, patellar dislocation, subluxation or
malalignment; 2) no MRI findings of patellar cartilage abnor-
mality, bone marrow edema of the patella, or ligament injury
possibly affecting the patellar cartilage, such as complete an-
terior cruciate ligament tear; 3) no abnormalities involving or
extending to the patella, such as neoplasm, inflammation, in-
fection or fracture, and 4) no conditions affecting the congru-
ency of the patellofemoral joint, such as congenital structural
anomalies, developmental delay, non-weight bearing condi-
tion or underlying diagnosis of any kind of syndrome. Two
hundred sixty-eight subjects met the criteria for the control
group. For the matched pair design, 53 age- and gender-
matched subjects were randomly chosen from among the
268 subjects. The matched pair design based on age and gen-
der was performed because the T2 relaxation times of the
patellar cartilage are age and gender dependent in growing
children [18].
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MR imaging and interpretation

MR imaging, which included conventional MR and T2 maps,
was performed using the same protocol across all subjects in
the groups with and without patellofemoral instability.
Interpretation of MR imaging was performed by the two re-
viewers (C.H.K., with musculoskeletal radiology fellowship
training with 18 years of experience in MR, and C.A., with
pediatric radiology fellowship training with 15 years of expe-
rience in MR) consistently. Time interval between the recog-
nition of the symptom and MR imaging was variable: Most
cases of acute patellar dislocation underwent MR imaging
within 2 weeks. However, the cases of recurrent dislocation
or malalignment issues had a wide range of duration between
the first symptomatic presentation and imaging perfor-
mance. All the patients in the group with patellofemoral
instability had less than 5 years of history of pain of the
patellofemoral joint.

The standard knee MRI protocol at our institution included
fast spin echo (FSE) proton-density-weighted sagittal image
(repetition time [TR]/echo time [TE] 1,700-2,000/11-
12 ms, field of view [FOV] 14-16 cm, matrix
320 × 224, slice thickness 3 mm, slice gap 1 mm, echo
train length [ETL] 8, number of excitations [NEX] 2) ,
fat-saturated FSE T2-weighted axial, sagittal and coronal
images (TR/TE 3,000/60 ms, FOV 14-16 cm, matrix
256 × 192, slice thickness 3-4 mm, slice gap 1 mm,
ETL 8, NEX 2), coronal T1-weighted image (TR/TE
350/10-15 ms, FOV 16 cm, matrix 256 × 192, slice
thickness 3 mm, slice gap 1 mm, ETL 6, NEX 1),
and optional 3-D gradient echo sequences (TR/TE 50/
6-7 ms, flip 60, FOV 13-16 cm, matrix 256 × 128, slice
thickness 2 mm, 45 slices, NEX 1, imaging time 3 min
35 s).

Morphological grading of patellar cartilage damage was
assessed in the group with patellofemoral instability on axial
T2 fat suppression images and/or 3-D gradient echo sequences.
Three-dimensional gradient echo sequences were performed
in 42 subjects out of 53 in the group of patellofemoral insta-
bility. MR images were evaluated by two radiologists (C.H.K.
and C.A.) with consensus. On conventional MR images, the
patellar cartilage lesions were classified into four grades ac-
cording to the signal intensity, surface description and diame-
ter (Fig. 1): 0, normal; 1, intracartilaginous high T2 signal; 2,
superficial fissuring and cracks or partial-thickness defect ex-
tending down to <50% of the cartilage depth; 3, fissuring to
the level of calcified layer or a large defect extending down to
>50% of the cartilage depth (down to calcified layer but not
through the subchondral plate); and 4, full-thickness defect
penetrating subchondral bone. The patellar cartilage in the
patients in the group without patellofemoral instability
was considered grade 0, which was assessed at the time of
inclusion in the control group.

An axial T2 map of the patellar cartilage was performed
with the following MR imaging parameters: TR=1,500 ms,
TE=9,18, 27, 36, 45, 54, 63, 72, 81, 90 and 99 ms, number
of echoes=11, matrix: 256× 160, slice thickness: 3-4 mm,
slice gap: 1 mm, FOV: 14 cm. Each exam had 8-26 slices.
The acquisition time of the T2 mapping series was about
5 min. Our institutional imaging process software
(Interactive Data Language; ISS, Boulder, CO) was used to
generate gray-scale T2 maps and color-coded images. The
pixel-by-pixel based analysis of the cartilage was performed
using a linear least square curve fitting algorithm [18].

The mean T2 relaxation time was automatically calculated
by placing a region of interest (ROI). The patellar cartilage
was manually segmented by S.S. (medical graduate student
with 1 year of experience in MR research) under the supervi-
sion of H.K.K. with 6 years of experience in T2 maps. The
first and last images were excluded to eliminate the
volume average effect. Mean T2 values of the patellar
cartilage were calculated from the remaining slices of
the patella and were obtained in a consistent manner
in the groups with and without patellofemoral instabili-
ty. The patellar cartilage was traced to include the entire
cartilage, including the circumferential physis, the unossified
cartilage and the articular cartilage in the group in which the
physis is open; in the group with the physis closed or closing,
only articular cartilage was included for analysis. This method
was described and utilized in our previous publications [18,
21].

Morphological grading of cartilage damage and mean T2
relaxation times were obtained at the same locations of the
patellar cartilage (Fig. 1). A total of six locations in three zones
(lateral, central and medial) were evaluated in each subject
(Fig. 2): M1, medial one-third of the medial facet; M2, middle
one-third of the medial facet; C1, lateral one-third of the me-
dial facet; C2, medial one-third of the lateral facet; L2, middle
one-third of the lateral facet; and L1, lateral one-third of
the lateral facet. To minimize memory bias, the morpho-
logical grading of the cartilage damage (C.H.K., C.A.)
and mean T2 relaxation times were evaluated by differ-
ent reviewers (H.K.K., S.S.) independently who were
blinded to T2 relaxation time measurements and mor-
phological grading.

Statistical analysis

Student’s t-test was used to compare mean T2 relaxation times
of the patellar cartilage between the two groups. In addition,
the Wilcoxon rank-sum test was used to see if there were any
substantive differences. The two methods were in good agree-
ment in every case so that only the Student’s t-test results are
reported. In the group with patellofemoral instability, morpho-
logical grading was correlated with mean T2 relaxation times
from the corresponding locations using the Pearson
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correlation coefficient. In addition, the Spearman rank corre-
lation was also derived. The two correlations were in good
agreement in every case so that only the Pearson results are
reported. Lastly, a linear mixed model was examined where
the response was the T2 relaxation time and the fixed effects
were the morphological grade and the location. The random
effects were subject ID and the subject by region interaction.
The adjusted mean T2 relaxation times, the least squares
means, were compared for each pair of adjacent morphological
grades of cartilage damage, i.e. 0 vs. 1, 1 vs. 2, etc. These
differences were considered statistically significant (different
from zero) if the adjusted P-values were less than 0.05. The
adjustment used was based on the false discovery rate in order
to account for the multiple comparisons [22].

All statistical analyses were performed with SAS® version
9.3 software packages (SAS Institute, Cary, NC).

Results

Morphological grading was performed at all six locations in
all subjects in the patellofemoral instability group. Mean T2
relaxation times were not measurable at M1 and M2 in one
subject in the patellofemoral instability group who had high-
grade cartilage damage at the medial facet. The mean T2 re-
laxation times from all 6 locations were obtained in the other
52 subjects in the patellofemoral instability group. Therefore,
318 morphological grades and 316 numeric values of the

Fig. 1 Axial fat-saturated T2-weighted images (left) and T2 maps (right)
for morphological grades of the cartilage lesions. Grade 1, a 20-year-old
woman: Focal intracartilaginous high signal (arrowhead) in the lateral
patellar facet (C2 to L2) is evident on the T2-weighted images, which
correlates well with the color-coded map. Grade 2, a 12-year-old girl: A
superficial patellar cartilage crack (arrowhead) in the central zone is
observed on T2-weighted images. In addition, there is diffuse
intracartilaginous change on both T2-weighted images and T2 maps.
Grade 3, an 18-year-old girl: A minimally displaced cartilage fragment
(arrows) involving more than 50% of the cartilage thickness is visible in

the apex on the T2-weighted images, and the surrounding color change is
well appreciated on the T2 map. Note that the color-coded map does not
demonstrate the full extent of the cartilage abnormality in this case of
grade 3 damage, compared with the above grade 2 lesion. Grade 4, a
17-year-old girl: Noncontiguous full-thickness defects (arrows) are
visualized on the T2-weighted images. Patellar bone marrow and
surrounding soft-tissue edema and medial patellofemoral ligament
rupture as well as cartilage defect are seen in the M1 location, which
would be the most common result of acute patellar dislocation
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mean T2 relaxation times were obtained in the group with
patellofemoral instability. The morphological grades were:
150 normal (47.1%, 150/318), 112 grade 1 (35.2%, 112/
318), 26 grade 2 (8.1%, 26/318), 14 grade 3 (4.4%, 14/318)
and 16 grade 4 (5.0%, 16/318). Of the 53 patellofemoral in-
stability knees, 52 (98.1%) had articular cartilage lesions of
the patella in at least one location on the basis of the morpho-
logical grading, and only 1 knee had no cartilage abnormality,
i.e. grade 0 in all 6 locations, and 20 had the highest grade of 1,
13 had the highest grade of 2, 8 had the highest grade of 3 and
11 had the highest grade of 4. The grade 4 of cartilage damage
most commonly occurred at the far medial facet (M1) of the
patella, which was seen in 7 patients with patellofemoral
instability.

In the patellofemoral instability group, the mean T2 relax-
ation time was 37.7 ms, whereas the mean T2 relaxation time
in the group without patellofemoral instability was 30.0 ms,
which was significantly lower (P<0.001). The mean T2 relax-
ation time in the patellofemoral instability group was signifi-
cantly longer than that of the group without patellofemoral
instability across all locations of the patellar cartilage includ-
ing the medial, central and lateral facets (P<0.001). Among
the 6 locations, the largest difference between the two groups
was seen at C1 (lateral one-third of the medial facet, 8.9 ms
difference) and C2 (medial one-third of the lateral facet,
8.6 ms difference). The longest mean T2 relaxation times were
seen at C1 (39.6 ms) followed by C2 (39.5 ms).

For the patellofemoral instability group, the distribution of
morphological grading and mean T2 relaxation times at the
six locations are summarized in Tables 1 and 2.

Statistically significant positive correlation was seen be-
tween overall mean T2 relaxation times and morphological
grading in each location (P<0.001, r=0.58).

Lastly, a linear mixed model was examined where the re-
sponse was T2 relaxation time and the fixed effects were mor-
phological grade, region and location nested within region.
The random effects were subject and subject-by-region inter-
action. The least squares means are estimates of the means that
are adjusted for the other variables in the mixed model. These
were derived for each morphological grade. The least squares
means T2 relaxation times for cartilages classified as grades 0,
1, 2, 3 and 4 were 33.7±0.7 ms, 38.0±0.8 ms, 41.9±1.4 ms,

Fig. 2 T2 relaxation time
mapping in a 17-year-old girl. On
the gray-scale map (a) and
color-coded map (b), the patellar
cartilage was divided into three
zones (medial, central and lateral)
and six locations: M1, medial
one-third of the medial facet; M2,
middle one-third of the medial
facet; C1, lateral one-third of the
medial facet; C2, medial one-third
of the lateral facet; L2, middle
one-third of the lateral facet; and
L1, lateral one-third of the lateral
facet

Table 1 Mean T2 relaxation times according to location in the patellar
cartilage in patients with and without patellofemoral instability

Location Mean T2 relaxation times P-value

Patellofemoral
instability group

Control group

M1 37.0 ± 10.9 ms 30.1 ± 8.5 ms <0.001

M2 36.7 ± 10.0 ms 30.5 ± 7.2 ms <0.001

C1 39.6 ± 11.4 ms 30.7 ± 7.0 msec <0.0001

C2 39.5 ± 7.6 ms 30.9 ± 6.9 msec <0.0001

L2 37.7 ± 5.5 ms 29.8 ± 5.7 msec <0.0001

L1 32.7 ± 9.0 ms 27.8 ± 6.9 msec <0.001

T2 values are expressed as mean ± standard error of the mean

M1, medial one-third of the medial facet; M2, middle one-third of the
medial facet; C1, lateral one-third of the medial facet; C2, medial one-
third of the lateral facet; L2, middle one-third of the lateral facet, and L1,
lateral one-third of the lateral facet
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46.7±1.7 ms, and 50.7±1.7 ms, respectively (Fig. 3). There
was a statistically significant difference between the least
squares means T2 relaxation time and each morphological
grade from grades 0 to 3 even after adjusting for multiple
testing using a false discovery rate and an alpha level equal
to 0.05. Specifically, the false discovery rate-adjusted P-
values between morphological grades 0 vs. 1, 1 vs. 2 and 2
vs. 3 were 0.004, 0.0116 and 0.020, respectively. There was a
directional difference for morphological grades 3 vs. 4 with an
false discovery rate-adjusted P=0.086.

Discussion

Patellofemoral instability is a consequence of incongruence
between the patella and the femoral trochlear groove.

Abnormal patellofemoral congruence can result in acute epi-
sodes of patellar dislocation resulting in patellar cartilage
damage. Patellofemoral incongruence also results in altered
biomechanics of the patellofemoral joint and generates exces-
sive contact stress and significant shearing forces [23] with
early cartilage degeneration [24].

Patellofemoral instability is a leading cause of cartilage
damage in physically active children and adolescents [1].
The overall incidence of cartilage damage in patellofemoral
instability has been reported in adults and is variable depend-
ing on the chronicity of patellofemoral instability and modal-
ities utilized in evaluating the cartilage damage. An arthro-
scopic study showed that more than half of patients with
patellofemoral instability had patellar cartilage damage [25].
A higher incidence of cartilage damage was reported in a
conventional MR imaging study, which documented a rate
of cartilage damage ranging from 71% in patients with a single
episode of dislocation to 97% in those with multiple episodes
[26]. In our study, which did not subclassify the
patellofemoral instability group based on chronicity, all pa-
tients with patellofemoral instability except one demonstrated
patellar cartilage damage on morphological grading with con-
ventional MR. Patellofemoral instability has a progressive na-
ture and a tendency toward worsening of cartilage damage in
both extent and severity, which directly correlates with dura-
tion of disease in adults [22]. It is worth noting that our patient
cohort is younger than in previous studies but showed a higher
incidence of cartilage damage.

Our work demonstrated that the medial facet of the patella
in patellofemoral instability was more severely affected on the
basis of morphological grading. We observed that high-grade
(grade 3 or 4) cartilage damage is most frequent in the far
medial aspect of the patella, whereas low-grade (grade 1)
damage was distributed throughout all areas of the patellar
cartilage with an increasing tendency of occurrence from the
medial facet to the lateral facet, except for the far lateral aspect
(L1) of the patella. Insall et al. [27] stated that in their large
arthroscopic study, patellar cartilage damage was most com-
monly observed in the central area of the patella extending
equally onto the medial and lateral facets. Indeed, variable
areas of patellar cartilage lesions are produced by different
injury mechanisms. Lateral facet chondral lesions are often
related to chronic patellar tilt and excessive lateral pressure
syndrome, whereas medial facet chondral lesions are com-
monly associated with patellar dislocation [28, 29].

Our study using T2 maps, as in other biochemical imaging
researches, also provided the detailed information on the cartilage
damage distribution [26, 30, 31]. Mean T2 relaxation times were
significantly longer in the patellofemoral instability group than in
the control group across all areas of the patellar cartilage.
Furthermore, elongation of T2 relaxation times was most accen-
tuated at the central areas of the patellar cartilage. These findings
suggest that cartilage damage at the apex (C1 and C2) from

Table 2 The frequency of morphological grades in each patellar
location

Patellar
location

Morphological grades Total

0 1 2 3 4

M1 29 10 4 3 7 53

M2 27 14 6 4 2 53

C1 29 15 4 2 3 53

C2 19 19 9 4 2 53

L2 8 39 3 1 2 53

L1 38 15 0 0 0 53

Total 150 112 26 14 16 318

M1, medial one-third of the medial facet; M2, middle one-third of the
medial facet; C1, lateral one-third of the medial facet; C2, medial one-
third of the lateral facet; L2, middle one-third of the lateral facet, and L1,
lateral one-third of the lateral facet

Fig. 3 Mean T2 relaxation times for cartilage classified as grades 0, 1, 2,
3 and 4 using MRI morphological sequences. Bars are standard
deviations. Mean T2 relaxation times for cartilage classified as grades
1, 2 and 3 were significantly longer than for those classified as grades
0, 1 and 2, respectively (P<0.05). However, there were no significant
differences between the mean T2 relaxation time of cartilage classified
as grade 3 and that classified as grade 4
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friction and avulsion from themedial stabilizer (M1) are themain
injury mechanisms in our patient group with patellofemoral in-
stability. Given the longer relaxation times at the lateral facet in
the group with patellofemoral instability than the group without
patellofemoral instability, we believe that chondral injury in
patellofemoral instability covers a wider range of the articular
surface of the patella than expected, even extending far away
from the epicenter of the injury.

Regarding diagnostic performance of imaging techniques,
our results support a previous finding that patellar cartilage
lesions in patients with anterior knee pain were wider and
thicker on T2 maps as compared to what was seen on conven-
tional knee MR imaging [32]. This highlights the fact that
conventional MR sequences interpreted with the current most
acceptable morphological grading system for cartilage damage
do not fully detect microstructural changes or very early degen-
erative changes; however, these changes were detected on T2
mapping. The advantage of biochemical imaging over conven-
tional MR imaging has been well recognized in cartilage im-
aging studies in adults, but this is the first study performed in
children that documents the advantage of biochemical imaging.

With technical advancements, biochemical imaging has
enabled imaging of the cartilage microstructure [15–18,
26–29]. These new biochemical MR techniques include T2
mapping, delayed gadolinium-enhanced MRI of cartilage
(dGEMRIC), T1 rho imaging, sodium imaging and
diffusion-weighted imaging. T2 mapping is relatively more
easily applicable to the routine knee MR than the other bio-
chemical techniques. T2 relaxation times obtained from T2
maps reflect the microstructural integrity of the extracellular
matrix of the cartilage, specifically of the collagen network
and water content. Prior studies done in adults with osteoar-
thritis provided good evidence that T2mapping is useful in the
detection of early-stage degeneration (early disruption of the
collagen matrix) [30]. In contrast to adults, growing children
have dynamic changes within the cartilage during skeletal
maturation; T2 relaxation times decrease with chronological
age [18] and the most dramatic changes occur at or near the
circumferential physis at the base of the unossified cartilage
[21]. Given the dynamic range of normal cartilage in growing
children, coexisting pathological conditions might be more
difficult to identify on conventional MR, if the changes are
not accompanied by gross morphological cartilage abnormal-
ities or if signal changes are not obvious. The superiority of
biochemical imaging to conventional MR, therefore, could be
maximized in cartilage imaging in children and adolescents.

Our study showed positive correlation between overall
mean T2 relaxation times and morphological grading of pa-
tellar cartilage damage. That is, the higher morphological
grade of the cartilage damage, the longer the T2 relaxation
time. A statistically significant difference in the mean T2 re-
laxation times for each grade level was observed from grades
0 to 3. However, in high-grade cartilage damage (between

grades 3 and 4), the T2 relaxation time was not significantly
different. This study utilizes both conventional MR and bio-
chemical imaging in cartilage evaluation in patients with
patellofemoral instability. However, each imaging technique
evaluates a different aspect of the cartilage; a dominant factor
in determining the severity of morphological grading is the
depth of cartilage defect regardless of the actual extent of
adjacent cartilage injury. The biochemical MRI technique,
unlike morphological sequences, reflects all range of cartilage
damage in remaining cartilage.

We observed the discrepancy in the distribution of the sever-
ity of the patellar cartilage injury between T2 mapping and
morphological grading; the most severe grade of morphological
cartilage damage was seen at the medial facet while the central
area of the patella had the longest T2 relaxation time. This
discrepancy between the results from two different imaging
techniques is again explained by the different natures of the
imaging modalities. Therefore, in the evaluation of cartilage in
patients with patellofemoral instability, we believe that conven-
tional MR and biochemical imaging could provide complemen-
tary information depending on severity of cartilage damage.

Our study has some limitations. Although this is the largest
study done in a pediatric population with patellofemoral in-
stability, there may not have been enough cases of high-grade
injury (grades 3 and 4) to detect a significant difference. The
higher-grade cartilage damage was reported in patients with
more episodes of dislocation [25]. However, we did not sub-
classify the patellofemoral instability group based on the chro-
nicity of disease or mechanism of injury (dislocation vs.
malalignment without dislocation). In our efforts to assess
cartilage abnormalities in patients with patellofemoral insta-
bility, chronicity of the disease might be a significant factor. A
future study with a larger sample size and an even number in
each subgroup of morphological cartilage damage as well as
consideration of the disease chronicity might be needed to
identify the different patterns of cartilage damage. Second,
this study is limited by the control group. The group without
patellofemoral instability was not a true healthy subject cohort
because all of them underwent knee MR imaging for a differ-
ent clinical indication. Another limitation is that we did not
take into account the spatial variations of T2 in different layers
(superficial vs. deep) of the cartilage. Besides, we admit that it
was tricky to exactly draw the ROIs over the cartilage in cases
of high-grade cartilage defect. The final limitation is that none
of our cases with cartilage damage was correlated with arthro-
scopic or histological findings.

Conclusion

Patellar cartilage damage in patients with patellofemoral in-
stability occurs across the entire cartilage. T2 relaxation times
positively correlate with morphological grades of cartilage
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lesions, significantly differentiating the severity in low grades,
which implies an important role in differentiating normal car-
tilage and low-grade cartilage damage. Therefore, in clinical
practice, biochemical imaging of T2 maps and morphological
MR studies complement each other.
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