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Association of patellofemoral malalignment with early trochlear and 
patellar chondromalacia: a prospective T2* mapping study

PURPOSE
To investigate the association between patellofemoral malalignment and early-stage trochlear and 
patellar chondromalacia using the T2* mapping method.

METHODS
Seventy-five patients were included in the study and divided into two groups based on the pres-
ence (patient group) or absence (control group) of patellofemoral malalignment on magnetic reso-
nance imaging. The T2* mapping measurements were evaluated by dividing patellar and trochlear 
cartilage into 12 quadrants on sagittal slices. The groups were first compared based on the mean 
T2* relaxation times of the cartilage. Subsequently, the 12 quadrants were compared individually 
between the two groups. Cut-off values were calculated for the quadrants, with significant differ-
ences observed.

RESULTS
The patient group included 39 patients, and the control group included 36 patients. There was no 
significant difference between the groups in terms of mean T2* relaxation values for the trochlear 
and patellar cartilage. However, in the separate comparison of the 12 quadrants, T2* relaxation val-
ues in the upper-outer–outer (P1, T1) and upper-outer–inner (P2, T2) quadrants of both the troch-
lear and patellar cartilage were found to be statistically significantly higher in the patient group. 
Similarly, significant cut-off values were identified for the T1, P1, and P2 quadrants.

CONCLUSION
Early chondromalacia can be quantitatively detected using T2* mapping. In patients with elevat-
ed T2* relaxation values in the superior–lateral regions of the patellar and trochlear cartilage, pa-
tellofemoral malalignment should be considered in the etiology.

CLINICAL SIGNIFICANCE
Chondromalacia caused by patellofemoral malalignment may exhibit an asymmetric onset, with 
the superior–lateral quadrant as the initial site of cartilage damage in both trochlear and patellar 
cartilage.
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Patellofemoral malalignment is a common cause of anterior knee pain in the young pop-
ulation. The normal alignment of the patella with the trochlear groove (TG) is a critical 
factor in load bearing, and malalignment (displacement of the patella from its expect-

ed trajectory within the knee joint) can lead to chondromalacia, synovial proliferation, and 
subchondral bone changes from a young age.1,2 Early diagnosis and preventive interventions 
play a key role in avoiding irreversible cartilage damage. Therefore, it is important to monitor 
and thoroughly examine patients with patellofemoral malalignment from an early stage for 
potential cartilage damage.
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It is accepted that cartilage damage can 
be reversible in the early stages or that its 
progression can be halted with preventive 
interventions.3 Thus, for disease prevention 
or effective treatment, cartilage degenera-
tion must be reliably detected at the earliest 
stage. However, with conventional magnetic 
resonance imaging (MRI), early detection is 
generally not possible. Standard sequenc-
es provide only morphological informa-
tion about cartilage. This limitation exists 
because changes in water content within 
degenerated cartilage are minimal in the 
early stages, and the sensitivity of standard 
sequences to detect these changes is low.4,5 
Furthermore, due to their macromolecular 
structure, both proteoglycan and collagen 
protons have very short T2 relaxation times, 
making direct MRI measurement difficult.5-7 
As a result, quantitative MRI techniques such 
as T2 and T2* mapping have gained impor-
tance in this field.8,9 These mapping methods 
provide quantitative information about car-
tilage composition by evaluating changes in 
extracellular matrix components.10

In recent years, most studies examining 
the association between patellofemoral 
malalignment and chondromalacia have fo-
cused on patellar cartilage, often overlook-
ing trochlear cartilage.11-13 Similarly, studies 
using T2 and T2* mapping have generally 
evaluated tibiofemoral and patellar carti-
lage, with limited attention to trochlear car-
tilage.14-21 However, in cases of patellofem-
oral malalignment, the trochlear cartilage 
can also be affected and may contribute to 
anterior knee pain even in the absence of 
patellar cartilage damage. To the best of our 
knowledge, no previous study has exam-
ined the association between patellofemoral 
malalignment and early-stage damage to 
both patellar and trochlear cartilage using 
T2* mapping.

The main hypothesis of this study is that 
patellofemoral malalignment is an etiolog-
ical factor in both patellar and trochlear 
chondromalacia and that the chondroma-
lacia caused by this malalignment exhibits 
an asymmetric onset on both joint surfaces 

from an early age. Another hypothesis is that 
this asymmetric chondromalacia can be de-
tected at an early stage in both the patella 
and trochlea using T2* mapping.

In line with these hypotheses, one of the 
aims of the study is to investigate the associ-
ation between patellofemoral malalignment 
and early-stage chondromalacia of trochlear 
and patellar cartilage using T2* mapping in 
young adults. Another aim is to determine 
which regions of the cartilage is first affected 
by chondromalacia.

Methods

Participants

 This prospective study was approved by 
the İzmir Katip Çelebi University Faculty of 
Medicine Clinical Researches Ethics Commit-
tee (date: 12.09.2019, number: 88). Between 
January 2023 and January 2024, 524 patients 
who presented to the orthopedics and trau-
matology department with complaints of an-
terior knee pain and were suspected of hav-
ing patellar malalignment based on physical 
examination by two orthopedists were in-
cluded in the study (Figure 1). Exclusion 
criteria included being under 18 or over 40 
years of age, a history of trauma or surgery in 
the knee region, any rheumatologic disease, 
or evidence of osteoarthritis on knee radio-
graphs. A power analysis was conducted to 
determine the sample size, calculating that 
at least 36 patients per group (72 in total) 
would be required. The study was planned 
to conclude once this minimum number was 
reached in each group.

From the 524 patients prospectively 
evaluated, the following were excluded: 
those under 18 years (n = 62), over 40 years 
(n = 308), with a history of trauma (n = 23) 
or surgery (n = 20) in the knee region, with 
any rheumatologic disease (n = 12), and with 
osteoarthritic findings on knee radiographs 
(n = 12). The age range of 18–40 years was 
selected to eliminate the influence of pedi-
atric cartilage and age-related degenerative 
changes on the results. Additionally, cases 
with traumatic, postoperative, rheumatolog-
ic, or osteoarthritic cartilage changes were 
excluded to avoid confounding effects.

A routine knee MRI and T2* mapping pro-
tocol was performed using a 3T MRI scanner 
(Magnetom Lumina, Siemens Healthineers, 
Erlangen, Germany) on the 87 patients who 
met the inclusion criteria (Supplementary 
Table 1). Four patients were excluded due 
to motion artifacts that rendered the MRI 
scans non-diagnostic. Furthermore, since 

the primary aim of the study was to detect 
early-stage chondromalacia in young adults 
and given that the optimal T2* relaxation 
time measurement is not feasible in the pres-
ence of full-thickness or near full-thickness 
cartilage defects due to the partial volume 
effect of synovial fluid within the mapping 
area, eight patients with high-grade (stage 
3 or 4) chondromalacia were excluded.22 This 
ensured a homogeneous study cohort and 
alignment with the study’s objectives.

 Patellofemoral instability magnetic reso‑
nance imaging parameters

A total of 75 patients underwent mor-
phological evaluation using standard MRI se-
quences. Parameters identified in the literature 
for diagnosing patellofemoral malalignment–
including the Insall–Salvati index, lateral pa-
tellofemoral angle, lateral trochlear inclination 
angle, trochlear sulcus depth, trochlear sulcus 
angle, tibial tubercle (TT)–TG distance, and 
medial trochlea/lateral trochlea length ratio–
were measured. Patients were divided into two 
groups, those with patellofemoral malalign-
ment (patient group) and those without 
(control group), based on the cut-off values 
established in the literature (Table 1). These 
measurements were performed using validat-
ed techniques described in the Supplementary 
Material 1.23-28 Patients presenting with anterior 
knee pain and physical examination findings 
consistent with patellofemoral malalignment 
were classified into the malalignment group if 
one or more of these MRI-based morphologi-
cal parameters were present.

Cartilage T2* relaxation measurement

Next, T2* relaxation measurements were 
performed on sagittal slices with a thickness 
of 3 mm. In the T2* mapping sequences, the 
trochlear and patellar cartilage was manual-
ly divided on sagittal images into superior, 
middle, and inferior thirds along the vertical 
axis and into medial–medial, medial–lateral, 
lateral–medial, and lateral–lateral quadrants 
along the horizontal axis, yielding a total of 
12 quadrants for each structure (Table 2). 
This approach allowed a comprehensive 
sampling of both the patellar and trochlear 
cartilage.

After identifying the four main quadrants 
along the horizontal axis, a sagittal slice pass-
ing through the center of each quadrant 
was selected separately for the patellar and 
trochlear cartilage (yielding eight sagittal 
slices in total). A region of interest (ROI) was 
then manually placed at the center of the 
superior, middle, and inferior thirds of each 

Main points

•	 Patellofemoral malalignment is a key cause 
of chondromalacia.

•	 Early chondromalacia in patellofemoral 
malalignment typically involves the supero-
lateral portions of patellar and trochlear 
cartilage.

•	 Early detection of chondromalacia using T2* 
mapping may improve treatment success.
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selected sagittal slice, and T2* relaxation val-
ues were recorded (Figure 2). Measurements 
were performed using the Siemens syngo.
via (Siemens Healthcare, Erlangen, Germany) 
software on the MRI workstation. To mini-
mize sampling error, small and similarly sized 
ROIs were used whenever possible, and high 
magnification was employed to avoid inter-
faces with synovial effusion and subchondral 
bone.29

All measurements were performed in con-
sensus by two radiologists, one with 10 years 
of experience and another with 24 years of 
experience in musculoskeletal radiology. To 
reduce measurement errors and potential 
bias, morphological assessments and T2* re-

laxation measurements were conducted in 
separate sessions, spaced 1 month apart.

Statistical analysis

To calculate the sample size, G*Power 
3.1 (Heinrich Heine University, Düsseldorf, 
Germany) software was used. The study by 
Subhawong et al.30 served as the basis for this 
calculation. Based on the patient and control 
group average values reported in that study, 
with an α value of 0.05 and power of 0.8, the 
total sample size was calculated as 72, with 
36 in each group.

Statistical analyses were performed using 
IBM SPSS Statistics Standard Concurrent User 
V27 (IBM Corp., Armonk, New York, USA). De-

scriptive statistics were presented as count 
(n), percentage (%), mean ± standard devia-
tion (SD), median, minimum, and maximum 
values. The normality of numerical variables 
was assessed using the Shapiro–Wilk test, 
and homogeneity of variances was evaluat-
ed using the Levene test.

Group comparisons were performed us-
ing the independent two-sample t-test, as 
the data met the assumptions for parametric 
testing. The receiver operating characteristic 
(ROC) analysis method was used to evalu-
ate the area under the curve (AUC). Repeat-
ed measures analysis of variance (ANOVA) 
was used to compare measurement values, 
mixed design ANOVA was used to compare 
values between groups, and Bonferroni cor-
rection was applied for main effect compari-
sons in the mixed design ANOVA. A P value of 
<0.05 was considered statistically significant.

Results
Among the 75 patients included in the 

study, 39 had MRI findings of patellofemo-
ral malalignment (patient group), whereas 
the remaining 36 did not show such find-
ings (control group). The patient group 
comprised 17 men and 22 women, and the 
control group contained 16 men and 20 
women. The mean age of the patient group 

Figure 1. Study flowchart. MRI, magnetic resonance imaging; TT-TG, tibial tubercle-trochlear groove.

﻿Table 1. Patellofemoral malalignment magnetic resonance imaging measurements and 
values associated with patellofemoral malalignment

Patellofemoral malalignment MRI measurements Values associated with patellofemoral 
malalignment

Insall–Salvati index >1.2

Lateral patellofemoral angle <8°

Lateral trochlear inclination angle <11°

Trochlear sulcus depth <3 mm

Trochlear sulcus angle >144°

TT–TG distance >15 mm

Medial trochlea/lateral trochlea ratio <40%

MRI, magnetic resonance imaging; TT–TG: tibial tubercle–trochlear groove.
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was 27.69 years (range: 19–40; SD: ±6.39), 
whereas the control group had a mean age 
of 28.17 years (range: 19–39; SD: ±6.58). The 
mean body mass index (BMI) was 24.38 (SD: 
±3.01) in the patient group and 24.68 (SD: 
±3.73) in the control group. No statistically 
significant differences were found between 
the groups regarding gender, age, or BMI (P 
= 0.949, P = 0.680, and P = 0.725, respective-
ly).

An overall average T2* relaxation value for 
both the trochlea and patella was calculated 
by averaging the detailed T2* relaxation val-
ues from the 12 quadrants. When comparing 
these average T2* relaxation values without 
quadrant differentiation, no statistically sig-
nificant differences were observed between 
the groups (Table 3).

Next, T2* relaxation values obtained by 
dividing the trochlear and patellar cartilage 
into 12 quadrants in the sagittal plane were 
compared. According to the results, T2* re-

laxation values in the superior-lateral–lateral 
(T1, P1) and superior-lateral–medial (T2, P2) 
quadrants of both the trochlear and patellar 
cartilage were significantly higher in the pa-
tient group (P = 0.013, P = 0.001, P = 0.017, 
and P = 0.044, respectively) (Tables 4 and 5).

Additionally, a ROC analysis was con-
ducted to determine cut-off values for T2* 
relaxation in the 12 defined quadrants (Sup-
plementary Tables 2 and 3). The evaluation 
revealed that the AUC was statistically signif-
icant for the P1, P2, and T1 quadrants. When 
assessing T2* relaxation values in these 
quadrants, values in the T1, P1, and P2 quad-
rants were significantly higher in the patient 
group. It was also possible to determine a 
diagnostic cut-off value for each of these re-
gions. The threshold values were calculated 
as above 21.7 milliseconds for T1, above 24.1 
milliseconds for P1, and above 24.3 millisec-
onds for P2 (Supplementary Table 4).

Discussion
In this study, we evaluated the association 

between patellofemoral malalignment and 
early-stage trochlear and patellar chondro-
malacia using T2* mapping. There was no 
difference in the average T2* relaxation val-
ues of the trochlear and patellar cartilage be-
tween the two groups, with and without MRI 
findings of patellofemoral malalignment. 
However, when the T2* relaxation values of 
the 12 quadrants were compared individ-
ually, values in the superior-lateral–lateral 
quadrant (P1, T1) and superior-lateral–medi-
al quadrant (P2, T2) of both the trochlear and 
patellar cartilage were significantly higher in 
the patient group. These results suggest that 
chondromalacia caused by patellofemoral 
malalignment may exhibit an asymmetric 
onset, with the superior-lateral quadrant as 
the initial site of cartilage damage in both 
the trochlear and patellar cartilage.

It is well established that early-stage car-
tilage degeneration can be reversible or its 
progression halted through various interven-
tions, including pharmacotherapy, lifestyle 
changes, or realignment surgery.3 There-
fore, reliable early detection of cartilage 
degeneration is critical for successful treat-
ment. Standard sequences (T1 weighted, T2 
weighted, and proton density) only provide 
information about cartilage morphology and 
have relatively low sensitivity for detecting 
early degeneration.5 Quantitative MRI tech-
niques, such as T2 and T2* mapping, have 
gained increasing importance for early carti-
lage assessment.8,9 In particular, T2 mapping 
is used to evaluate water content and colla-
gen fiber orientation within cartilage and is 
widely applied in clinical practice.31 By con-
trast, T2* mapping similarly assesses carti-
lage water content but has the advantage of 

Table 2. T2* relaxation measurement areas of the trochlear and patellar cartilage

Trochlea quadrant Region description Patella quadrant Region description

T1 Upper-lateral–lateral quadrant P1 Upper-lateral–lateral quadrant

T2 Upper-lateral–medial quadrant P2 Upper-lateral–medial quadrant

T3 Upper-medial–lateral quadrant P3 Upper-medial–lateral quadrant

T4 Upper-medial–medial quadrant P4 Upper-medial–medial quadrant

T5 Mid-lateral–lateral quadrant P5 Mid-lateral–lateral quadrant

T6 Mid-lateral–medial quadrant P6 Mid-lateral–medial quadrant

T7 Mid-medial–lateral quadrant P7 Mid-medial–lateral quadrant

T8 Mid-medial–medial quadrant P8 Mid-medial–medial quadrant

T9 Lower-lateral–lateral quadrant P9 Lower-lateral–lateral quadrant

T10 Lower-lateral–medial quadrant P10 Lower-lateral–medial quadrant

T11 Lower-medial–lateral quadrant P11 Lower-medial–lateral quadrant

T12 Lower-medial–medial quadrant P12 Lower-medial–medial quadrant

Figure 2. Trochlear (a) and patellar (b) cartilage T2* relaxation time measurements. ROI, region of interest; 
SD, standard deviation.

a b
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a shorter acquisition time compared with T2 
mapping. Additionally, T2* mapping is more 
sensitive to local magnetic field inhomoge-
neities, making it more effective for detect-
ing early-stage changes.14,32

In addition, T1 rho mapping, which is sen-
sitive to proteoglycan content, can indicate 
early degeneration but is limited by longer 
acquisition times and reduced scanner com-

patibility.33 Delayed gadolinium-enhanced 
MRI of cartilage measures glycosaminogly-
can concentrations using a contrast agent 
and can detect early glycosaminoglycan loss. 
However, its use is limited by the need for 
contrast injection and prolonged imaging 
duration.33

Quantitative T2* mapping has been 
reported as an effective technique for as-

sessing cartilage compositional integrity.14 
Compared with T2 mapping, T2* mapping 
is more sensitive to subtle changes in tissue 
composition due to its sensitivity to local 
field inhomogeneities, which have dephas-
ing effects.14,32 It also provides a high signal-
to-noise ratio and high spatial resolution, 
with relatively short scan times.16 Mars et al.34 
concluded that T2* mapping was superior 
to T2 mapping for detecting cartilage injury. 

Table 5. Comparison of patellar cartilage T2* relaxation values (milliseconds) between groups

Quadrant Patellofemoral malalignment P value

No Yes

P1 23.22 ± 4.37 27.03 ± 4.91 0.001

P2 23.96 ± 4.51 26.49 ± 5.92 0.044

P3 23.11 ± 5.32 23.34 ± 4.30 0.840

P4 19.46 ± 3.04 20.32 ± 4.37 0.322

P5 22.52 ± 5.02 23.14 ± 7.27 0.674

P6 23.33 ± 6.10 24.28 ± 5.89 0.498

P7 22.31 ± 4.12 21.83 ± 4.42 0.629

P8 19.64 ± 4.1 19.98 ± 5.87 0.775

P9 20.29 ± 3.68 19.58 ± 5.12 0.499

P10 22.14 ± 3.39 23.22 ± 5.57 0.323

P11 20.40 ± 4.04 21.91 ± 4.74 0.149

P12 19.29 ± 4.16 19.20 ± 4.89 0.930

Values are presented as mean ± standard deviation. The values written in bold are statistically significant.

Table 3. Comparison of mean T2* relaxation values (milliseconds) of the trochlear and patellar cartilage in groups with patellofemoral 
malalignment

Patellofemoral malalignment Trochlear cartilage
(mean ± SD)

Patellar cartilage
(mean ± SD)

Yes 22.18 ± 3.59 22.52 ± 3.15

No 20.78 ± 3.47 21.63 ± 2.06

P value 0.094 0.163

SD, standard deviation.

Table 4. Comparison of trochlear cartilage T2* relaxation values (milliseconds) between groups

Quadrant Patellofemoral malalignment P value

No Yes 

T1 17.60 ± 4.17 20.53 ± 5.54 0.013

T2 19.38 ± 5.99 22.60 ± 6.04 0.017

T3 23.31 ± 6.18 25.60 ± 6.68 0.132

T4 16.25 ± 4.92 18.54 ± 5.86 0.074

T5 24.88 ± 4.72 26.52 ± 6.91 0.242

T6 25.59 ± 5.34 25.88 ± 5.38 0.818

T7 24.80 ± 7.92 27.31 ± 5.77 0.122

T8 20.73 ± 5.47 22.20 ± 5.32 0.247

T9 18.18 ± 5.96 19.89 ± 6.88 0.260

T10 19.94 ± 6.46 19.09 ± 5.66 0.548

T11 18.36 ± 5.54 19.23 ± 5.41 0.496

T12 18.38 ± 5.94 18.77 ± 5.16 0.762

Values are presented as mean ± standard deviation. The values written in bold are statistically significant.
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Therefore, T2* mapping is considered more 
sensitive for detecting changes within carti-
lage tissue. However, its role across different 
stages of cartilage degeneration remains 
incompletely defined. There is evidence 
that T2* mapping is useful for identifying 
early-stage degeneration in cartilage areas 
that exhibit elevated T2* relaxation times 
compared with normal cartilage.14 However, 
no previous studies have identified the spe-
cific anatomical regions where early cartilage 
damage begins in the patella and trochlea.

The most significant difference between 
our study and previous studies in the litera-
ture is that we performed detailed measure-
ments by dividing the trochlear and patellar 
cartilage into 12 quadrants to detect hetero-
geneous changes. This aspect of our study is 
superior to others in the literature. Only Ruiz 
Santiago et al.9 used a similar quadrant divi-
sion method; however, the main purpose of 
their study was to determine the relationship 
between cartilage T2 values and the current 
staging of chondromalacia, which is not the 
subject of our research.

In our study, when comparing the av-
erage T2* relaxation values of the trochlea 
and patella in the sagittal plane between the 
patient and control groups, no statistically 
significant difference was found. However, 
when detailed T2* relaxation measurements 
were made by dividing the trochlea and pa-
tella into 12 quadrants, statistically significant 
results were obtained in specific quadrants. 
Similar to our findings, Kim et al.35 reported 
that the involvement of lateral patellar facet 
cartilage was statistically significantly higher 
in the patellofemoral malalignment group. 
Additionally, in our study, T2* relaxation val-
ues in the lateral quadrants (P1, P2) of the 
patellar cartilage were higher in the patel-
lofemoral malalignment group. Furthermore, 
T2* relaxation values in the lateral quadrants 
(T1, T2) of the trochlear cartilage, similar to 
the patella, were also significantly higher in 
our study. Various mechanisms may explain 
this. One explanation is that in patients with 
patellofemoral malalignment, the contact 
area between the patella and the TG de-
creases during flexion, leading to increased 
maximum patellofemoral contact pressure.36 
Additionally, when the TT–TG distance in-
creases, the patella shifts laterally, which es-
pecially increases patellofemoral joint stress 
on the lateral side.37 These changes in load 
transfer may explain the greater occurrence 
of chondromalacia on the lateral side.

Consistent with these mechanisms, our 
study also found statistically significant T2* 

relaxation values in the lateral quadrants 
and statistically significant results in the 
ROC analysis. These findings indicate that 
chondromalacia caused by patellofemoral 
malalignment exhibits an asymmetric onset 
and is more prevalent on the lateral joint sur-
faces of both the patella and trochlea. There-
fore, evaluating the trochlear and patellar 
cartilage by dividing it into quadrants, rath-
er than relying on average values, using the 
T2* mapping method is more sensitive and 
meaningful for assessing early-stage chon-
dromalacia.

Another statistical analysis in our study 
involved conducting ROC analysis to deter-
mine cut-off values for the presence of chon-
dromalacia in all quadrants of both the troch-
lea and patella. Accordingly, it was found 
that cut-off values could be determined for 
specific quadrants in the sagittal plane. In 
particular, T2* mapping measurements in 
the T1, P1, and P2 quadrants revealed sta-
tistically significant relaxation values and al-
lowed for the determination of cut-off values 
in the ROC analysis.

Therefore, we believe it is meaningful 
to focus on the T1 and P1 quadrants for 
measurements and to consider the results 
obtained from these regions. Although a 
cut-off value could also be determined for 
the P2 quadrant in the ROC analysis, the 
practical and memorable nature of obtain-
ing significant results in both the T2* relaxa-
tion values and ROC analysis for the T1 and 
P1 areas may facilitate easier measurement 
and clinical application. For cut-off values to 
be practically applicable in clinical settings, 
they need to be verified through further 
studies. Thus, rather than proposing the cut-
off values identified in our study as defini-
tive criteria, we recommend that quadrants 
where cut-off values can be determined be 
evaluated more carefully when assessing 
early-stage chondromalacia. This approach 
will help alert clinicians to areas that require 
focused attention and support more effec-
tive follow-up.

Similarly, Fulkerson et al.38 noted that dif-
ferent regions of the patellar cartilage are 
not equally affected by chondromalacia and 
that different mechanisms are responsible 
for damage in different regions. He reported 
that lateral patellar facet cartilage damage is 
associated with chronic patellar tilt, where-
as medial facet cartilage damage is linked 
to patellar dislocation. Therefore, in clinical 
evaluations, both T2* relaxation values and 
the patient’s morphological MRI findings and 
clinical history should be considered.

Our study has some limitations. The main 
limitation is that, despite dividing the troch-
lea and patella into 12 quadrants and meas-
uring from the midpoint of each quadrant 
to detect heterogeneous chondromalacia 
distribution, exact standardization may not 
be achieved for measurement localization in 
each patient. Chondromalacia in each quad-
rant may not occur precisely in the center but 
may develop at the edges.

Second, in our study, T2* relaxation value 
measurements were performed only on sag-
ittal slices for both the patella and trochlea, 
without including axial or coronal slices. Giv-
en the imaging planes, the rationale for per-
forming T2* relaxation measurements in the 
sagittal plane for both trochlear and patellar 
chondromalacia was to ensure more accu-
rate assessment, particularly for the trochlea, 
which has a steep orientation. Sagittal plane 
acquisition allows evaluation of the articular 
cartilage perpendicular to the shearing forc-
es acting on the joint. Anatomically, meas-
urements taken in other planes may not yield 
accurate results for the trochlea. Additionally, 
the relatively thick slice thickness of T2* map-
ping compared with cartilage thickness in 
other planes may contribute to inaccuracies. 
These factors may lead to the incorrect calcu-
lation of T2* relaxation values due to the par-
tial volume effect from non-cartilage struc-
tures.22 Therefore, we believe sagittal plane 
measurements are more reliable than those 
taken in the axial or coronal planes, especial-
ly for the trochlea. However, evaluation and 
comparison across slices in axial and coronal 
planes could contribute to standardizing the 
most appropriate measurement plane.

All patients in our study were sympto-
matic with anterior knee pain; however, the 
absence of an objective scoring system to 
quantify symptom severity may be consid-
ered a third limitation. As a general limita-
tion of imaging-based studies, there was no 
histopathological verification of chondro-
malacia. Nonetheless, given the presence of 
well-defined and widely accepted diagnostic 
criteria, invasive procedures are no longer 
preferred or routinely used in current clinical 
practice and research. Although T2* value 
measurements in our study were performed 
by consensus between two radiologists ex-
perienced in musculoskeletal radiology, in-
tra-observer and inter-observer agreement 
were not assessed.

In conclusion, in the presence of patel-
lofemoral malalignment, both patellar and 
trochlear cartilage can be examined more 
specifically by dividing them into quadrants 
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rather than using a general assessment. 
Early chondromalacia can be detected by 
quantitatively assessing the superior-lat-
eral sections of the patellar and trochlear 
cartilage using T2* mapping. Additionally, 
in patients with high T2* relaxation values 
identified in the superior-lateral sections of 
the patellar and trochlear cartilage, patel-
lofemoral malalignment should be primar-
ily considered as the etiology of chondro-
malacia. Thus, T2* mapping may serve as a 
valuable non-invasive imaging tool for the 
early diagnosis and monitoring of cartilage 
degeneration in patients with patellofemo-
ral malalignment.

Footnotes

Conflict of interest disclosure

The authors declared no conflicts of inter-
est.

Funding

İzmir Katip Çelebi University Scientific 
Research Projects Coordination (project 
number: 2022-TDU-TIPF-0012).

Supplementary Material 1: https://
d2v96fxpocvxx.cloudfront.net/beb8919b-
f013-4ea1-b1c8-40332e840fe1/content-im-
ages/23f2337d-f1ce-4ce6-916a-67e9a5f-
4f3bd.pdf

Supplementary Tables: https://d2v96fx-
pocvxx.cloudfront.net/beb8919b-f013-
4ea1-b1c8-40332e840fe1/content-images/
f7d5e54f-deaf-4a03-b524-6754dba51474.
pdf

References
1.	 Tsavalas N, Katonis P, Karantanas AH. 

Knee joint anterior malalignment and 
patellofemoral osteoarthritis: an MRI study. 
Eur Radiol. 2012;22(2):418-428. [Crossref]

2.	 Liao TC, Pedoia V, Link TM, Majumdar S, Souza 
RB. Association of patella alignment with 
cartilage relaxation times and self-reported 
symptoms in individuals with patellofemoral 
degeneration. J Orthop Res. 2023;41(3):562-
569. [Crossref]

3.	 Feucht MJ, Izadpanah K, Vogt S, Mehl 
J. Cartilage repair procedures for early 
osteoarthritis. Orthopade. 2021;50(5):356-365. 
[Crossref]

4.	 Quatman CE, Hettrich CM, Schmitt LC, 
Spindler KP. The clinical utility and diagnostic 
performance of magnetic resonance imaging 
for identification of early and advanced knee 
osteoarthritis: a systematic review. Am J Sports 
Med. 2011;39(7):1557-1568. [Crossref]

5.	 Zibetti MVW, Menon RG, de Moura HL, 
Zhang X, Kijowski R, Regatte RR. Updates on 
compositional MRI mapping of the cartilage: 
emerging techniques and applications. 
J Magn Reson Imaging. 2023;58(1):44-60. 
[Crossref]

6.	 Truhn D, Sondern B, Oehrl S, et al. Differentiation 
of human cartilage degeneration by functional 
MRI mapping-an ex vivo study. Eur Radiol. 
2019;29(12):6671-6681. [Crossref]

7.	 Souza RB, Kumar D, Calixto N, et al. Response of 
knee cartilage T1rho and T2 relaxation times to 
in vivo mechanical loading in individuals with 
and without knee osteoarthritis. Osteoarthritis 
Cartilage. 2014;22(10):1367-1376. [Crossref]

8.	 Apprich S, Mamisch TC, Welsch GH, et al. 
Quantitative T2 mapping of the patella at 3.0T 
is sensitive to early cartilage degeneration, 
but also to loading of the knee. Eur J Radiol. 
2012;81(4):438-443. [Crossref]

9.	 Ruiz Santiago F, Pozuelo Calvo R, Almansa 
López J, Guzmán Álvarez L, Castellano García 
MDM. T2 mapping in patellar chondromalacia. 
Eur J Radiol. 2014;83(6):984-988. [Crossref]

10.	 Kijowski R, Blankenbaker DG, Munoz Del Rio 
A, Baer GS, Graf BK. Evaluation of the articular 
cartilage of the knee joint: value of adding 
a T2 mapping sequence to a routine MR 
imaging protocol. Radiology. 2013;267(2):503-
513. [Crossref]

11.	 van Middelkoop M, Macri EM, Eijkenboom JF, et 
al. Are patellofemoral joint alignment and shape 
associated with structural magnetic resonance 
imaging abnormalities and symptoms among 
people with patellofemoral pain? Am J Sports 
Med. 2018;46(13):3217-3226. [Crossref]

12.	 Gürsoy M, Dirim Mete B, Oyar O, et al. 
The association of patellar maltracking 
with infrapatellar fat pad edema and 
chondromalacia patella: a quantitative 
morphological magnetic resonance 
imaging analysis. Turk J Phys Med Rehab. 
2018;64(3):246-252. [Crossref]

13.	 Li J, Sheng B, Yu F, et al. Quantitative magnetic 
resonance imaging in patellar tendon-
lateral femoral condyle friction syndrome: 
relationship with subtle patellofemoral 
instability. Skeletal Radiol. 2019;48(8):1251-
1259. [Crossref]

14.	 Khandelwal R, Kharat A, Botchu R, Koganti 
D, Shah VP. High resolution T2* mapping in 
assessment of knee articular cartilage on 3T 
MRI. J Clin Orthop Trauma. 2022;27:101823. 
[Crossref]

15.	 Bittersohl B, Hosalkar HS, Sondern M, et 
al. Spectrum of T2* values in knee joint 
cartilage at 3 T: a cross-sectional analysis 
in asymptomatic young adult volunteers. 
Skeletal Radiol. 2014;43(4):443-452. [Crossref]

16.	 Welsch GH, Trattnig S, Hughes T, et al. T2 
and T2* mapping in patients after matrix-

associated autologous chondrocyte 
transplantation: initial results on clinical use 
with 3.0-Tesla MRI. Eur Radiol. 2010;20(6):1515-
1523. [Crossref]

17.	 Newbould RD, Miller SR, Toms LD, et al. T2* 
measurement of the knee articular cartilage 
in osteoarthritis at 3T. J Magn Reson Imaging. 
2012;35(6):1422-1429. [Crossref]

18.	 Welsch GH, Mamisch TC, Hughes T, et al. In vivo 
biochemical 7.0 Tesla magnetic resonance: 
preliminary results of dGEMRIC, zonal T2, 
and T2* mapping of articular cartilage. Invest 
Radiol. 2008;43(9):619-626. [Crossref]

19.	 Tsai PH, Wong CC, Chan WP, Lu TW. The value 
of MR T2* measurements in normal and 
osteoarthritic knee cartilage: effects of age, 
sex, and location. Eur Radiol. 2019;29(8):4514-
4522. [Crossref]

20.	 Mamisch TC, Hughes T, Mosher TJ, et al. T2 star 
relaxation times for assessment of articular 
cartilage at 3 T: a feasibility study. Skeletal 
Radiol. 2012;41(3):287-292. [Crossref]

21.	 Pai A, Li X, Majumdar S. A comparative 
study at 3 T of sequence dependence of T2 
quantitation in the knee. Magn Reson Imaging. 
2008;26(9):1215-1220. [Crossref]

22.	 Liu F, Chaudhary R, Block WF, Samsonov A, 
Kijowski R. Multicomponent T2 analysis of 
articular cartilage with synovial fluid partial 
volume correction. J Magn Reson Imaging. 
2016;43(5):1140-1147. [Crossref]

23.	 Giovagnorio F, Olive M, Casinelli A, et al. 
Comparative US‐MRI evaluation of the Insall–
Salvati index. Radiol Med. 2017;122(10):761-
765. [Crossref]

24.	 Jibri Z, Jamieson P, Rakhra KS, Sampaio ML, 
Dervin G. Patellar maltracking: an update 
on the diagnosis and treatment strategies. 
Insights Imaging. 2019;10(1):65. [Crossref]

25.	 Carrillon Y, Abidi H, Dejour D, Fantino O, 
Moyen B, Tran-Minh VA. Patellar instability: 
assessment on MR images by measuring the 
lateral trochlear inclination-initial experience. 
Radiology. 2000;216(2):582-585. [Crossref]

26.	 Walker C, Cassar-Pullicino VN, Vaisha R, 
McCall IW. The patello-femoral joint a critical 
appraisal of its geometric assessment 
utilizing conventional axial radiography and 
computed arthro-tomography. Br J Radiol. 
1993;66(789):755-761. [Crossref]

27.	 Jibri Z, Martin D, Mansour R, Kamath S. The 
association of infrapatellar fat pad oedema 
with patellar maltracking: a case-control 
study. Skeletal Radiol. 2012;41(8):925-931. 
[Crossref]

28.	 Wolfe S, Varacallo M, Thomas JD, Carroll JJ, 
Kahwaji CI. Patellar instability. In: StatPearls 
[Internet]. Treasure Island (FL): StatPearls 
Publishing; 2024. [Crossref]

29.	 Cobianchi Bellisari F, De Marino L, Arrigoni 
F, et al. T2-mapping MRI evaluation of 

https://doi.org/10.1007/s00330-011-2275-
https://doi.org/10.1002/jor.25384
https://doi.org/10.1007/s00132-021-04099-4
https://doi.org/10.1177/0363546511407612
https://doi.org/10.1002/jmri.28689
https://doi.org/10.1007/s00330-019-06283-9
https://doi.org/10.1016/j.joca.2014.04.017
https://doi.org/10.1016/j.ejrad.2011.03.069
https://doi.org/10.1016/j.ejrad.2014.03.007
https://doi.org/10.1148/radiol.12121413
https://doi.org/10.1177/0363546518801314
https://doi.org/10.5606/tftrd.2018.1586
https://doi.org/10.1007/s00256-019-3163-1
https://doi.org/10.1007/s00256-019-3163-1
https://doi.org/10.1007/s00256-013-1806-1
https://doi.org/10.1007/s00330-009-1669-y
https://doi.org/10.1002/jmri.23598
https://doi.org/10.1097/RLI.0b013e31817e9122
https://doi.org/10.1007/s00330-018-5826-z
https://doi.org/10.1007/s00256-011-1171-x
https://doi.org/10.1016/j.mri.2008.02.017
https://doi.org/10.1002/jmri.25061
https://doi.org/10.1007/s11547-017-0781-3
https://doi.org/10.1186/s13244-019-0755-1
https://doi.org/10.1148/radiology.216.2.r00au07582
https://doi.org/10.1259/0007-1285-66-789-755
https://doi.org/10.1007/s00256-011-1299-8
https://pubmed.ncbi.nlm.nih.gov/29494034/


 

Early-stage chondromalacia T2* mapping • 499

patellofemoral cartilage in patients submitted 
to intra-articular platelet-rich plasma (PRP) 
injections. Radiol Med. 2021;126(8):1085-1094. 
[Crossref]

30.	 Subhawong TK, Thakkar RS, Padua A, 
Flammang A, Chhabra A, Carrino JA. 
Patellofemoral friction syndrome: magnetic 
resonance imaging correlation of morphologic 
and T2 cartilage imaging. J Comput Assist 
Tomogr. 2014;38(2):308-312. [Crossref]

31.	 Gao S, Peng C, Wang G, Deng C, Zhang Z, Liu 
X. Cartilage T2 mapping-based radiomics 
in knee osteoarthritis research: Status, 
progress and future outlook. Eur J Radiol. 
2024;181:111826. [Crossref]

32.	 Bittersohl B, Hosalkar HS, Miese FR, et al. 
Zonal T2* and T1Gd assessment of knee 

joint cartilage in various histological grades 
of cartilage degeneration: an observational 
in vitro study. BMJ Open. 2015;5(2):e006895. 
[Crossref]

33.	 Li X, Kim J, Yang M, et al. Cartilage compositional 
MRI-a narrative review of technical 
development and clinical applications over 
the past three decades. Skeletal Radiol. 
2024;53(9):1761-1781. [Crossref]

34.	 Mars M, Tbini Z, Gharbi S, Bouaziz MC, Ladep 
F. T2 Versus T2* MRI mapping in the Knee 
Articular Cartilage at 1.5 Tesla and 3 Tesla. 
Open Med. 2018;5:119-129. [Crossref]

35.	 Kim JH, Lee SK, Jung JY. Superolateral Hoffa’s 
fat pad oedema: relationship with cartilage 
T2* value and patellofemoral maltracking. Eur 
J Radiol. 2019;118:122-129. [Crossref]

36.	 Elias JJ, Jones KC, Lalonde MK, Gabra JN, 
Rezvanifar SC, Cosgarea AJ. Allowing one 
quadrant of patellar lateral translation 
during medial patellofemoral ligament 
reconstruction successfully limits maltracking 
without overconstraining the patella. 
Knee Surg Sports Traumatol Arthrosc. 
2018;26(10):2883-2890. [Crossref]

37.	 Ghany JF, Kamel S, Zoga A, et al. Extensor 
mechanism tendinopathy in patients with 
lateral patellar maltracking. Skeletal Radiol. 
2021;50(11):2205-2212. [Crossref]

38.	 Fulkerson JP, Buuck DA, Dye SF, Farr JII, Post 
WR. Disorders of the patellofemoral joint. 4th 
ed. Philadelphia, PA: Lippincott Williams & 
Wilkins; 2004:239-253. [Crossref] 

https://doi.org/10.1136/bmjopen-2014-006895
https://doi.org/10.1007/s00256-024-04734-z
https://doi.org/10.2174/1874220301805010119
https://doi.org/10.1016/j.ejrad.2019.07.012
https://doi.org/10.1007/s00167-017-4799-9
https://doi.org/10.1007/s00256-021-03787-8
https://www.amazon.com/Disorders-Patellofemoral-Joint-John-Fulkerson/dp/0781740819
https://doi.org/10.1016/j.ejrad.2024.111826
https://doi.org/10.1097/RCT.0b013e3182aab187
https://doi.org/10.1007/s11547-021-01372-6



