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Abstract
Introduction: To evaluate the correlation between clinical appearance and magnetic resonance imaging features of chondromalacia that can determine the knee magnetic resonance indication and to define a novel chondral status indicator.
Methods: This study was performed between May 2017 and February 2019. If the knee pain was suggestive for the presence
of chondromalacia clinically, then VAS and Kujala AKPS were noted. For MRI evaluation, a patellar cartilage score (PCS) was
defined to evaluate the mean patellar thickness (MPT) and MRI grading together.
Results: Advanced chondromalacia was more common among females (p<0.01). There was a positive correlation between
age and MRI grading and the correlation coefficient was calculated to be 0.56. The highest correlation coefficient obtained
with PCS in comparing PCS, MCT (mean cartilage thickness) and MRI grading for the clinical relationship. To define advanced
chondromalacia with VAS and AKPS cut-off values calculated to be 3 and 80 in ROC analysis. AKPS was a superior clinical
indicator for advanced chondromalacia compared with VAS. The other demographic findings, such as age and gender relations, were concordant with the literature.
Discussion and Conclusion: A potentially better method was defined to combine VAS with functional measurements, such
as AKPS, to determine a knee status may be indicative of MRI evaluation. As a novel perspective, PCS was the best indicator
of the chondral clinical status that consists of both the mean patellar thickness and magnetic resonance grading.
Keywords: Clinical correlation; MRI; patellar chondromalacia.

B

esides being a common issue, chondromalacia is an
expected result of aging. Beginning in childhood, cartilaginous tissues becomes progressively thinner and degenerated (such as the presence of fissures, fragmentation
and tissue loss) [1, 2]. Clinical evaluation of chondromalacia
is being performed with many methods, but the two of
these methods named visual analogue score (VAS) and Kujala anterior knee pain scale (AKPS) are often applied. VAS is

a common and well-known physical 10 scores examination
method. On the other hand, as a functional clinical test,
AKPS is a more specific, self-report questionnaire that consists of thirteen items, especially used for sports medicine
and orthopaedics. The scoring system documents response to the activities associated with anterior knee pain
syndrome, and symptoms, such as stiffness, inability to
weight-bearing, swelling, abnormal patellar movement,
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muscular atrophy and limited flexion of the knee. This test
asks about the duration of complaints. The highest possible score is one hundred and lower ratings indicate greater
pain/disability [3, 4].
For confusing cases, additional knee MRI is performed to
confirm the diagnosis. According to the literature, the two
main methods of patellar chondromalacia can be identified with conventional knee MRI. The first method is defining and grading the patellar cartilage signal intensity and
the second method is measuring the mean thickness of the
cartilaginous tissue.
This study aimed to evaluate the correlation between clinical appearance and MRI features of chondromalacia and
to define a novel MRI indicator to diagnose patellar chondromalacia. After a search of the literature, we discovered
that many articles are drawing the usefulness of new MRI
techniques and their correlations with arthroscopy. However, there are few articles about the correlation between
clinical appearance and commonly used MRI features, so
we hoped to contribute to the existing knowledge [5, 6].

On MRI examination, the mean patellar cartilage thickness
(MCT) and MRI grading were performed for each patient.
Modified Outerbridge classification was used for MRI grading. This is the five-score (between 0 and 4) system defining
cartilage status [7].
The MCT was calculated to be the arithmetic mean of four
measurements of the patellar posterolateral cartilage tissue thickness (thinnest and thickest medial component
and thinnest and thickest lateral component) on proton
density-weighted axial images (Fig. 1). MRI evaluations performed by the same musculoskeletal radiologist.

Defining the Patellar Cartilage Score
From the very beginning of our study, we aimed to define
a parameter that we can evaluatethe mean thickness of the
patellar cartilage and the MRI grade together that can be
a novel indicator. For this purpose, patellar cartilage score
(PCS) was defined to be: MCT (mm)/(MRI grade +1). Here,
the presence of +1 was to avoid division by zero for Modified Outerbridge grade 0 cartilages.

Materials and Methods

Statistical Analysis

We prospectively reviewed the clinical scores of the patients who underwent the knee MRI and diagnosed to be
chondromalacia based on clinical scores. The knee MRI images Chondromalacia staging was performed by the same
radiologist with a 4-year experience. This study was performed in our institute between May 2017 and February
2019. If the knee pain was suggestive for the presence of
chondromalacia clinically, then VAS and Kujala AKPS were
noted. Corresponding MR features were evaluated. If any
individual had additional knee disturbance/s, those could
be a reason for the knee pain, such as meniscal or ligament
injuries, inflammatory processes or masses; they excluded
from this study to objectively determine the source of the
pain-disturbance. Another reason for exclusion was the
presence of motion artifacts that prevent optimal cartilage evaluation. The patients with pediatric age were also
excluded from this study because of ongoing maturation,
so the patellar cartilage thickness and the signal intensity
could be confusing.

Categorical variables were expressed as percentages. Comparison of chondromalacia grading ratios via patient genders analyzed using Pearson's chi-square test. Pearson’s
correlation test and linear regression analysis were used for
comparing MPT, MRI grade and PCS for chondral status indicators. The ROC analysis, positive (PPV) and negative predictive values (NPV), diagnostic accuracy value (DAV) were
calculated to compare VAS and AKPS. A p-value of equal to
or less than 0.05 was considered as significant. Microsoft
Excel program version 1805 was used for data storage and
statistical calculations.

MRI Technique
All examinations were performed using a 1.5 Tesla magnet
(Signa Excite, GE Medical Systems, Waukesha, Wisconsin,
USA). A compatible knee coil was used. All patients underwent axial, coronal and sagittal proton density-weighted
and coronal T1 weighted imaging. Slice thickness was 4-5
mm without the intersection gap.

Figure 1. Calculating the mean patellar cartilage thickness.
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Results
This study included 67 patients. Forty-four of the patients (65.7%) were female, and 23 (34.3%) were male.
The mean age of the patients was 40.13, ranging from
19 to 67 years.
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Figures 2 and 3 show MRI images of the two patients placed
on the opposite side of the cartilage status scale.
Figure 4 shows AKPS superiority when compared with VAS,
presents cartilage status much closer.

Advanced (grade 3 and 4) chondromalacia was seen more
common among females (p<0.01). There was a positive
correlation between the age and the MRI grade, and correlation coefficient was calculated to be 0.56 (Table 1).
In the comparison of chondral status parameters, PCS had
the highest correlation coefficient. The differences between correlation coefficients were statistically significant
in the regression analysis (Table 2).
After PCS defined to be the best cartilage status indicator,
then an advanced disease group was identified. This group
included the patients with the lowest 20 PCS indicators. All
MRI grade 3 and 4 patients were placed in this group with
the additional two grade 2 patients. In the comparison of
VAS and AKPS, the cut-off values calculated to be 3 and
80, respectively in ROC analysis. PPV, NPV and DAV were
slightly higher for AKPS (Table 3).

Figure 2. 19 years old male. Patellar cartilage score: 3.8 VAS: 2 AKPS:
91 (MRI Grade-0).

Table 1. Demographic data according to the MRI grade for
chondromalacia
		
Grade 0
Grade 1
Grade 2
Grade 3
Grade 4
		

Mean age±SD

Males

31.5±9.3
38.7±11
43.1±6.3
44±8
51.3±9
r=0.56

Females Female/Male ratio

8
9
9
15
4
4
1
6
1
10
Total: 23 Total: 44

1.13
1.67
1
6
10
Mean: 1.82

Figure 3. 60 years old female. Patellar cartilage score: 0.4 VAS: 7
AKPS: 62 (MRI Grade-4).

Table 2. Pearson correlation coefficients for the clinical scores and
MRI parameters
		

MCT

MRI grade

PCS

VAS
AKPS
Age

-0.381
0.481
- 0.53

0.391
-0.552
0.56

- 0.514
0.637
- 0.57

Table 3. Evaluation of the VAS and AKPS scores for advanced
chondromalacia patients
Cut off values

PPV

NPV

Diagnostic accuracy

AKPS=80
VAS=3

0.33
0.26

0.93
0.87

0.66
0.63

Figure 4. 29 years old female. Patellar cartilage score: 3.4 VAS: 4
AKPS: 87. In this case, AKPS presents cartilage status much closer
compared with VAS.
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Discussion
According to our results, AKPS was a superior advanced
chondromalacia indicator when compared with VAS. This
result can be expected since it is a specific test for the knee
and has dynamic components measuring activities additionally. However, despite its widespread acceptance clinically, relatively few studies have reported on its technical
properties with pediatric patients. Since none of the individuals included in this study was younger than 18 years
old, this situation was not an issue for our study. We also
never experienced a single advanced chondromalacia patient younger than eighteen, which was not expressed in
the results section. This result shows that although CP is a
pain-centered condition, it is a better idea to combine VAS
with functional measurements, such as APKS.
In knee MRI evaluation, MPT was higher in male individuals. Thinner cartilage tissue may cause clinical findings earlier because any structural defect constitutes a larger percentage of the cartilage tissue. In addition, subchondral
degenerative changes, including bone marrow edema,
tend to be seen earlier. According to our results, chondromalacia shows female predominance, especially for highgrade (advanced) disease, which makes sense. Sullivan et
al.’s[8] study also showed that the mean cartilage thickness
was greater among men in various sites around the knee.
Farrokhi et al.[9] showed that the mean cartilage thickness was decreased in patients with patellofemoral pain.
They also remarked that a cartilage thickness change was
smaller after exercise. AKPS was their clinical method to
define knee pain.
The patellar chondromalacia is not associated only with
aging, but also there are environmental factors that may
affect cartilage deformity. For instance, Wei et al.[10] concluded that parity status was negatively associated with
chondral degeneration, especially in multiparous women.
This finding may be another reason for female predominance. They also found that body mass index was affected
with parity, as a borderline factor (p was 0.05). There are
also diseases, such as rheumatoid arthritis that may accelerate chondral degeneration and loss [11]. There was a positive correlation between the age and the MRI grade and a
negative correlation between the age and MPT. As a result,
there was a negative correlation between the age and PCS.
The correlation coefficients were found to be close to each
other. These results were consistent with the results from
similar studies.
PCS was found to be the best correlated MRI indicator with
the clinical findings. Since this novel score based on MRI

grading and the mean cartilage thickness together, we
could expect the highest correlation naturally. Keeping
in mind that this method is easily applicable, radiologists
can report that score to define the actual chondral status. In similar studies, chondral status is defined with different parameters. For example, Endo et al.[12] reported,
there was not a statistically significant correlation between
patellar chondromalacia and different measurements of
patellar facet length and the inter-facet angle. Conversely,
Thakkar et al.[13] and Chan et al.[14] concluded quantitative
trochlear parameters could be reliably calculated on MRI.
The literature on quantitative imaging is usually related to
the patellar malalignment [15–18].
We must remind that there are several studies report that
MRI cannot be labeled to be the best modality especially
for low-graded patellar chondromalacia. The considerable
limitation of this study was the lack of gold standard. Further studies combined with arthroscopy or MRI arthroscopy
may offer more accurate results. Although conventional
MRI has disadvantages in the diagnosis of low-grade
chondral lesions, it still appears to be the most common
method because arthroscopic techniques are invasive and
have potential complications. In a similar study, indirect
MRI arthrography had higher diagnostic accuracy, and its
components than conventional MRI in knee pathologies, as
well as arthrography. The patellar chondromalacia was one
of those knee pathologies [19]. There are also articles report,
MRI imaging is accepted as an accurate imaging method
of detecting and grading moderate to advanced cartilage
defects [20, 21].
There were two studies pointing closest to our results. Aysin
IK et al.[5] used AKPS as a clinical parameter, but their results
were not comparable with our results since they used the
different MRI parameters. Pihlajämaki et al.[6] concluded
patellar chondromalacia could not be diagnosed according
to symptoms or with a current physical examination. However, the conclusion was based on level 1 lesions because
of low sensitivity on 1 T MRI findings (with 13% sensitivity).
On the other hand, for the other grades of the disease, their
results were satisfying. According to our results, AKPS had
better diagnostic value, but on the other side of the coin,
PPV values of VAS and AKPS were clearly low and reducing
their diagnostic value.
As a summary, the diagnosis and grading of the low-graded
chondral lesions with conventional MRI seems to be problematic. Since our clinical score comparison was based
on high-graded chondromalacia, it was not an issue that
conventional MRI’s weaknesses on low graded chondral
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lesions; however, we must accept as the second limitation
that, low graded chondral parameters were obtained for
cartilage status indicators.

Conclusion
It is a better idea to combine VAS with functional measurements, such as APKS, which is being used to determine the
knee MRI indication to evaluate chondromalacia clinically.
For MRI evaluation, a novel perspective, patellar cartilage
score was the best indicator that reflects chondral clinical
status consisting of both the mean patellar thickness and
the MRI grade, and this method is easily applicable.
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