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Background  Despite higher incidence of patellofemoral pain (PFP) and consequently 
morbidity, the understanding about PF factors leading to PF arthritis is way lacking.
Material and Methods  A prospective study of first 80 patients who were diagnosed 
with chondromalacia patella (CMP) on magnetic resonance imaging (MRI) divided into 
early and late CMP groups were evaluated clinically, radiologically, and in terms of 
functional outcome.
Results  : Quadriceps angle, Clark’s test, and Insall–Salvati ratio results were nonsig-
nificant despite greater values were observed in late CMP group, whereas trochlear 
morphology results (sulcus angle: 153:138 degrees and sulcus depth 3.9:5.4 mm) and 
clinical scores were significant in late CMP group (Kujala’s score: 61:78, whereas PF 
pain score: 43:25). Type-C patellar morphology was found in greater number in late 
CMP cohort.
Conclusion  Trochlear and patellar morphologies along with clinical scores play a key 
role in understanding of the CMP.
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Introduction
Knee pain is the second most prevailing disorder of knee and 
patellofemoral pain (PFP) being considered one of the most 
common forms of knee pain, with incidence ranging between 
15 and 45%.1,2 PFP is described as nontraumatic diffuse ante-
rior knee pain (AKP) during load bearing activities of the 
joint such as squatting, running, climbing, and descending 
stairs.1,2 The degeneration of cartilage can quickly lead to 
tracking issues of the patella and, if left untreated, can often 
lead to osteoarthritis.3 There is no descriptive treatment 

of chondromalacia patella (CMP) due to poor regenerative  
properties and complex physiology of cartilage.4Patellofemo-
ral joint is a part of the knee joint and ironically even know-
ing the high incidence of PF arthritis and morbidity in middle 
aged patients, the literature on the understanding of PF fac-
tors is scarce and treatment is neither promising nor clear 
making it one of the tangled topic in today’s orthopaedics.5-9

There is very limited research on correlation of stage of 
CMP on severity of anterior knee pain and resultant func-
tional morbidity.10-14 To our knowledge, this is the first study 
which has taken into account comprehensively the clinical 
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quadriceps angle (Q angle), PF indexes, patellar morphology, 
and clinical scores to be assessed in various grades of CMP. 
The present study aimed to investigate whether chondro-
malacia has any association with PF alignment, PF indexes, 
patellar morphology, knee pain severity, and function along 
with the hypothesis that clinical and radiological parameters 
together can better detect and elaborate the CMP patients.

Materials and Methods
This was a single-center, prospective, cross-sectional study 
conducted at a high-volume tertiary center in North India 
after obtaining ethical approval the institutional ethical 
committee. We examined middle aged patients in the ortho-
paedic outpatient department (OPD) with anterior knee 
pain who had undergone clinical and magnetic resonance 
imaging (MRI) examination of the knee and first 50 patients 
who were diagnosed with late/advanced CMP (grades III and 
IV, i.e., cartilage loss) constituted group I and 30 patients as 
(group II) with early CMP (grades I and II, i.e., no cartilage 
loss).12 Written informed consent was obtained from all 
patients. Patients with anterior knee pain for longer than a 
month and worsening of the anterior knee pain, with at least 
one of the following activities, were included in the study: 
climbing or descending stairs, squatting, jumping, and pro-
longed sitting. The study exclusion criteria were a history of a 
major trauma, history of past lower extremity surgery and/or 
fracture, presence of neuromuscular disease, inflammatory 
rheumatic disease, epilepsy, dementia, pregnancy, history of 
intra-articular injection, genu varus–valgus, difference in leg 
length and detection of severe ligament, Osgood–Schlatter 
disease, or advanced stage osteoarthritis in MRI.

In addition to anterior knee pain, complaints, including 
swelling, feeling of knee giving way, stiffness, locking at the 
knee, clicking noise during movements of the knee, crepita-
tion, pain triggered by prolonged sitting, first-step limping, 
sliding knee cap, and difficulty in squatting, were recorded. 
Patients’ knee physical examination findings, Kujala’s PF scor-
ing system (KPSS), and functional index questionnaire were 
obtained from the outpatient clinic records. The Q angle was 
measured by two vectors extending from the anterior mid-
patella to the anterior superior iliac spine (ASIS) and tibial 
tuberosity with knee in 15-degree flexion. The center of the 
goniometer was placed at the midpoint of the patella. One 
arm of the goniometer was aligned with the string leading 
to the anterior superior iliac spine, and the other arm of the 
goniometer was aligned with the tibial tubercle.10,11

Dedicated knee MRI images were evaluated by a radiol-
ogist for staging of chondromalacia and PF indexes. All 
MRI scans were performed on the 1.5 T Magnetom Avanto 
Siemens MRI and with patient in supine position with their 
knees 15-degree flexion. Five different measurements were 
performed in all patients’ knee MRI images as follows:

1. Trochlear sulcus angle: it is the angle between the two
lines that connects the deepest point of the trochlea to the 
anterior medial and lateral femoral condyles measured
on axial scans13 (►Fig.  1), a trochlear angle greater than
144 degrees was evaluated as trochlear hypoplasia.4

2. Trochlear sulcus depth: it is the distance between the
deepest point of the trochlear sulcus and the line connect-
ing medial and lateral femoral condyles. A sulcus depth
lower than 5 mm was accepted as hypoplasia and a depth
lower than 3 mm was accepted as a sign of dysplasia.13

3. Insall–Salvati index (patellar tendon length/the longest
diagonal diameter of patella): it is the ratio of patellar
tendon length to the longest diagonal diameter of patella
(►Fig.  2). It was measured using the sagittal section
where maximum length of patella was visualized (often
the section where anterior cruciate ligament can be visu-
alized).15 Patellar tendon length was divided by the longest 
diagonal diameter to calculate the Insall–Salvati index.
Values below 1.1 were accepted as patella baja, and values
above 1.3 were accepted as patella alta.

4. Lateral patellofemoral angle: it is the angle between
the line connecting anterior medial and lateral femo-
ral condyles and the line drawn tangential to the lat-
eral patellar facet. This angle is used for the evaluation
of patellar tilt and is measured using the axial section
corresponding to the middle point of the patella at the
sagittal plane (►Fig. 3).15 This angle usually opens lat-
erally, so any medial angulation or an angle lower than
8 degrees to the lateral side was evaluated as a sign of
abnormal tilt.16

5. Patellar translation: it is measured to assess patellar sub-
luxation. It is the distance between the vertical line pass-
ing from the anterior of medial femoral condyle and the
vertical line passing from the medial most border of the
patella measured on the axial planes. A >2-mm sliding
toward the lateral side was evaluated as subluxation.17

Additionally, in all patients, the CMP grading/stage was
determined from the MRI images. Patients were categorized 
into early and late CMP groups based on four stages on the 
MRI staging system that was modified Outerbridge’s arthros-
copy staging system.12,18,19 In case, cartilage injuries in the 
medial and patellar facet were at different stages, the highest 
stage was considered for categorizing the patient.

Finally, we evaluated respective correlation of the 
advanced CMP group (stages 3 and 4) and early CMP group 
with PF indexes, patellar morphology (Wiberg’s classifica-
tion), Q angle, and patellar position in patients with anterior 
knee pain.14

Fig. 1   (A and B) Axial T2-W MRI at the level of trochlear sulcus mea-
suring the corresponding angle and sulcus depth.T2-W, T2-weighted; 
MRI, magnetic resonance imaging.
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To test the interobserver reliability, another radiologist 
performed quantitative and semiquantitative measurements 
of randomly selected 50 knees among 80 knees.

Statistical Analysis
Statistical analysis will be performed using the Statistical 
Package for Social Sciences (SPSS) software version 16 
(SPSS Inc., Chicago, Illinois, United States). To compare the 

categorical data in terms of other categorical properties, 
Chi-square and Fisher’s exact tests were used. Any two groups 
were compared with regard to measurement values using the 
Mann–Whitney U-test. A p-value of <0.05 was accepted as 
statistically significant.

Results
Only a small fraction of patients showed type-A and -C  
morphologies of patella as shown in ►Figs. 4 and 5. Trochlear 
morphology results came out to be significant with higher 
sulcus angle (153 degrees) and shallow trochlear sulcus 
(3.9 mm) as shown in ►Figs.  1 and 6. We observed higher 

Fig. 2  T2-WI sagittal imaging showing patellar diagonal length (B) 
and patellar tendon (A) with Insall–Salvati ratio calculated as A/B. 
T2-WI, T2-weighted image.

Fig. 3  Axial T2-WI MR showing the lateral patellofemoral angle. MR, 
magnetic resonance; T2-WI, T2-weighted image.

Fig. 4   (A) MRI axial images assessing types of patellar morphol-
ogy based on Wiberg’s classification. Type A showing symmetrical 
sized concave facets. (B) MRI axial images assessing types of patellar 
morphology based on Wiberg’s classification. Type B showing inter-
mediate type (less concave). (C) MRI axial images assessing types of 
patellar morphology based on Wiberg’s classification, type C with 
more vertically oriented and smaller medial facet. MRI, magnetic res-
onance imaging.

Fig. 5  Pie chart comparison between two groups based on Wiberg’s 
classification with no significant preponderance to a particular type 
of patellar morphology.
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number of patients in patella alta:patella baja in late CMP 
group but the results are not significant. Clinical scores were 
significantly better in early CMP group as compared with late 
CMP group (►Fig. 7).

Discussion
In previous studies, the overall sensitivity and specificity 
of MRI in the diagnosis of patellar cartilage defects ranged 
between 83 and 97%.15 Only 10% of CMP patients require 

surgery, so it is very difficult to justify every doubtful CMP 
patient to prepare for surgery.16

A high Q-angle leads to valgus stress with excessive pres-
sure on PF articulation, consequently resulting in CMP. Most 
of the western studies suggest that there is a significant asso-
ciation between AKP and Q-angle17-19 and there are multiple 
studies to counter the same.18,20 So, the validity of Q-angle is 
dubious. In our study, the average Q-angle in advanced and 
early CMP group was 17.1 and 13.2 degrees favoring associ-
ation between Q-angle and anterior knee pain but the result 
was statistically nonsignificant (as shown in ►Table 1). We 
believe that Q-angle is an important parameter which can 
have a significant association with anterior knee pain but the 
cause of indecisive results could be because of its measure-
ment bias, dynamic character, and multifactorial association.

To evaluate the relationship between the stage of chon-
dromalacia and severity of pain experienced by patients, 
PFP severity scale scores were used.5-7 Patients in the 
advanced-stage CMP group had higher scores. To our knowl-
edge, there are only couple of studies in literature which 
analyzed the relationship between pain intensity and dis-
ease progression.6,21,22 In literature, only one study prospec-
tively followed-up clinical symptoms in patients who were 
categorized based on trochlear and patellar cartilage injury 
in arthroscopy and found greater functional limitation and 
more subjective complaints among patients with more 
severe cartilage injury.6 Our study showed a significant dif-
ference in the clinical scores of late and early CMP groups 
with Kujala’s functional score lower (61 as compared with 
78 in early CMP) and PF pain score higher in the advanced 
CMP group (43 in comparison to 25 in early CMP shown in 
►Table 2). Our results equate with Aysin et al who observed 
that those with more advanced CMP reported higher pain 
severity and lower knee function compared with those with 
early CMP, but they found no difference in the MRI measure-
ments of two groups.21

Fig. 6  : Pictoral representation for comparison of (A) trochlear sulcus 
angle in late and early CMP group with significant raised values in late 
CMP group. (B) Showing rest of patellofemoral indices in late and 
early CMP group. CMP, chondromalacia patella.

Fig. 7  Bar charts to compare the effective pain scores in late and 
early CMP groups, the Kujala’s pain score indicates more painful pro-
cess in late CMP group with lower scores, meanwhile the patellofem-
oral pain system indicates more pain with higher score for late CMP 
group. CMP, chondromalacia patella.

Table  1   Demographics of patients with anterior knee pain

Patient profile Late CMP (50) Early CMP (30)

Age (range; y) 44 (38–53) 41 (36–50)

M:F ratio 29:21 19:11

Average weight (kg) 71.8 kg 69.9

Unilateral:bilateral 36:14 21:9

Average Q angle 17.1 13.2

ROM of knee joint 
(degree)

0–105 0–120

Any swelling/
synovitis

6 1

Pain on specific 
activity

29 19

Squatting 22 2

Climbing on 
stairs

13 0

First-step pain

Abbreviations: CMP, chondromalacia patella; F, female; M, male; Q angle, 
quadriceps angle; ROM, range of motion;
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There is plenty of research work done on trochlear mor-
phology and PF pathology with contrasting results.23-27 The 
three-dimensional shape of the femoral trochlea is becoming 
the center of consideration in determining CMP. According 
to Ali et al, the trochlear morphology plays a key role in PF 
pathology and should always be taken into account while 
taking PF parameters.13 Our study favored multiple previous 
studies showing significant MRI results of lower trochlear 
depth and higher TSA are associated with higher cartilage 
defects (►Table  3 and ►Fig.  8). This finding supports our 
assumption which proposes that knees with flattened lat-
eral trochlea are more likely to face CMP and we can identify 
patients at risk of developing CMP with higher TSA.

Patellar tilt can be assessed by lateral femoral angle which 
didn’t show any association with the CMP in our study, sup-
porting by the study of Aysin et al.21 Contrary to our results, 
Yang et al and Tuna et al found correlation between lateral 

femoral angle and CMP with smaller lateral PF angle or 
medial opening of angle that is associated with higher proba-
bility of cartilage defect.10,28

The literature is muddled with multiple knee examination 
tests and we know that there is no single best clinical test 
to predict CMP.29 The low sensitivity and predictive value of 
Clark’s sign as shown by Doberstein et al were also strength-
ened in our study than 50% of advanced CMP patient had pos-
itive Clark’s sign.30 So, we are of this opinion that combining 
clinical test with clinical scores of KPSS or PFP scale (PFPS) 
can increase the predictability rate of CMP and may help to 
formulate a criteria to diagnose it more precisely. However, to 
verify this presumption, there is a need for extensive research 
with large series showing substantial data.

Articular cartilage defects (ACD) in the PF region are 
more common with various dysplastic shapes of the pat
ella.14,31,32 However, a small number of investigations 
have revealed correlations between the shape of the 
patella and ACD in the PF region. Wiberg himself stated 
that type-A (I) and -B (II) shapes of patella are less des-
tined to ACD in the PF region.14,32 Our study supported 
Gudas et al and Wiberg’s classification system observing 
type II as most common variant and type C most closely 
associated with advanced CMP. Gudas et al observed 
type-II patella as most common variant and also con-
cluded that the shape of the patella is an important ana-
tomic parameter which may reflect the development of 
articular cartilage defects in the PF region.14 So, it can be 
anticipated that type-C (III) morphology can have a pro-
gressive course to CMP which further can be halted by 
proactive measures in the form chondroprotective drugs 
and strict adherence to “do’s and don’ts” regimen for the 
knee care.

Table  2   Comparison of clinical examination and patellofemoral scores in advanced CMP and non-CMP group

Assessment Late CMP Early CMP p

Clark test (+ve) 23/50 11/30 0.1

Average Q angle (degree) 17.1 13.2 0.1

Kujala’s patellofemoral scoring system (0–100) 61 78 0.009

Patellofemoral pain scale (0–80) 43 25 0.007

Abbreviations: CMP, chondromalacia patella; Q angle, quadriceps angle.

Fig. 8  (A) Axial T2-WI showing patellar articular cartilage changes in 
patients with trochlear dysplasia in early CMP. (B) Axial T2-WI show-
ing patellar articular cartilage changes in patients with trochlear dys-
plasia in late CMP. CMP, chondromalacia patella; T2-WI, T2-weighted 
image.

Table  3   MRI assessment of patellofemoral indexes and their comparison in advanced CMP and early CMP groups

Patellofemoral indexes Late CMP group Early CMP Group p

Trochlear sulcus angle (degree) 153 138 0.009

Trochlear sulcus depth (mm) 3.9 5.4 0.007

Insall–Salvati ratio 1.2 1.1 0.8

Lateral patellofemoral angle (degree) 9.1 9.7 0.6

Patellar translation (mm) 4.1 3.9 0.2

Patellar alta:bajaa 14:11 5:4 0.09

Patellar morphologya (Wiberg’s type A:B:C) 2:37:11 1:27:2 –

Abbreviations: CMP, chondromalacia patella; MRI, magnetic resonance imaging.
Note: Chi-square test used to obtain the p-value. Interobserver correlation coefficient was 0.92.
aRepresent number of patients in the respective group.
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Insall–Salvati ratio has been the matter of debate as a pos-
sible risk factor for CMP.33-37 Limited studies found an associ-
ation between patella alta and CMP postulating that patella 
alta contributes to maltracking and PF mismatch.33,36 Other 
studies have shown no significant correlation between Insall–
Salvati ratio and CMP.21 Dowd and Bentley rather found asso-
ciation between patella alta and patellar instability but failed 
to find any correlation with CMP.34 In concordance with these 
findings, our study did not show any significant interconnec-
tion between the presence of CMP and Insall–Salvati ratio 
despite having higher ratio of patella alta to patella baja in 
advanced chondromalacia group.

Limitations
This study includes following limitations: static Q angle, non-
feasibility of standing position for MRI, medium cohort size, 
no follow-up, and no arthroscopy correlation.

Future Considerations
Further studies should have a longer follow-up with larger 
group specifically focusing on trochlear and patellar mor-
phology and assessment of progression in CMP.

Conclusion
A holistic approach is required to interpret the multifacto-
rial association of CMP. Our study concludes that a combi-
nation of Q angle, clinical examination, and PF scores can 
be used in the preliminary criteria to isolate CMP patients. 
These patients further can be directed for detailed radio-
logical imaging of trochlear and patellar morphology to 
delineate underlying pathology, severity, and management. 
Furthermore, radiological criteria can be generated to predict 
progression of early to late CMP and to assess patients at risk 
of developing CMP. Lateral PF angle and Insall–Salvati ratio 
add little to the understanding of CMP pathology and may be 
skipped in routine PF assessment.
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