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Radiographic grading of the patellofemoral joint is more accurate
in skyline compared to lateral views
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Background: The patellofemoral joint is perhaps the most commonly involved compartment in knee
osteoarthritis (OA). Radiographic studies are routinely ordered and are seen as the first-line investigations for
patellofemoral osteoarthritis (PFOA). The Kellgren-Lawrence (K&L) grading scale is often used to quantify the
severity of radiographic OA. In this study, we aim to determine the correlation of the K&L grading scale on both
the skyline and lateral views with arthroscopic visualization of articular cartilage damage.

Methods: All patients with clinical and radiographic features of PFOA who underwent knee arthroscopy by
a single surgeon from 2006 to 2010 in our institution were reviewed. The study group consisted of 66 patients
with PFOA. All patients had skyline and lateral radiographs of the knee taken before surgery. All patients had
arthroscopic evidence of PFOA. Blinded investigators graded the radiographs according to the K&L grading scale.
At arthroscopy, the patellofemoral joint was graded according to the Outerbridge classification. Correlation and
statistical analysis of the radiographic and arthroscopic grade was carried out.

Results: The general trend shows that the higher the radiographic K&L grading, the greater the severity of
articular cartilage degeneration on arthroscopy. However, an increasing K&L grade accounts for only 39.7% and
28.4% of the variation of severity of arthroscopically-determined articular cartilage degeneration on skyline and
lateral views respectively. Interestingly, on both views, better correlation with arthroscopic findings was seen in
early (K&L grades 1 and 2) PFOA. Skyline views were superior to lateral views in terms of specificity, PPV, NPV
and accuracy in predicting early OA.

Conclusions: Skyline radiographs are more accurate than lateral radiographs in prediction of severity of PFOA.
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Introduction

Osteoarthritis (OA) of the knees is a major cause of
functional disability worldwide. The nature of OA involves
a degenerative “wear-and-tear” of the joint cartilage; as
such it is closely associated with aging. This problem is
especially prevalent in individuals who perform activities
that place higher stresses on the patellofemoral joint, such
as kneeling, as has been demonstrated in epidemiological as
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well as biomechanical studies (1,2). It has been found that
patellofemoral stresses are more than 3 times that of the body
weight during stair ascent and descent, and up to 8 times
more on squatting (3). The patellofemoral joint is perhaps the
most commonly involved compartment in OA of the knee.
Overloading of the patellofemoral joint is also considered
to be a risk factor for the development of tibiofemoral joint
OA (4,5). Patients with patellofemoral osteoarthritis (PFOA)
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typically present with mechanical anterior knee pain; in fact,
many of the symptoms of pain and disability associated with
knee OA can be attributable to or worsened by the presence
of PFOA (6-8).

Finding a less invasive yet accurate means of determining
PFOA severity is a conundrum. Various methods have been
used, ranging from radiographs to magnetic resonance
imaging to direct visualization with knee arthroscopy.
Radiographic studies are routinely ordered and are seen as
the first-line investigations for PFOA, as they are the least
invasive and least expensive methods of determining the
severity PFOA, and studies have shown a correlation of
symptoms with radiographic findings (9,10). The skyline
and lateral views are commonly ordered for evaluating
disease in the patellofemoral compartment.

In an attempt to quantify the severity on radiographs,
many grading scales have been developed (11-13). Of
these scales, the most widely used scale is the Kellgren-
Lawrence (K&L) scale (13). Several studies have evaluated
the correlation between K&L scale and arthroscopic
findings of tibiofemoral OA (14,15). However, there are
very few studies that have studied the correlation between
radiographic and arthroscopic grading of PFOA.

In this study, we aim to determine the correlation of the
K&L grading scale on both the skyline and lateral views
with arthroscopic visualization of articular cartilage damage.
We also aim to determine the diagnostic accuracy of
radiographs in detecting PFOA. We hypothesized that the
K&L grading will correlate with arthroscopic findings and
that the skyline view will be more accurate than the lateral
view in doing so.

Materials and methods

This is a retrospective study of prospectively collected data
that was performed in compliance to local regulations. Our
Institutional Review Board approved this study. Consent for
subjects was waived as no identifiable data was collected.
The study group consisted of 63 patients (21 male and 42
female; age range, 37-67 years; average age, 52.48 years) with
OA of the patellofemoral joint. Patients were investigated for
OA based on their clinical signs and symptoms and diagnosis
was confirmed either on radiographic or arthroscopic
evaluation. A diagnosis of PFOA was made when patients
complained of anterior mechanical knee pain for more than
2 months with radiographic evidence and was found to have
articular cartilage degeneration of the patellofemoral joint at
arthroscopy. These diagnostic criteria were used in previous
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Table 1 Outerbridge classification
Grade

0 Normal cartilage

Arthroscopic findings

| Cartilage with softening and swelling

I Partial thickness defect with fissures on the
surface that do not reach subchondral bone
or exceed 1.5 cm in diameter

1 Fissuring to the level of subchondral bone in
an area with a diameter more than 1.5 cm

\Y Exposed subchondral bone

studies correlating radiographic findings with arthroscopic
findings in the tibiofemoral joint (12,14-17). All patients who
underwent knee arthroscopy for symptomatic OA, and who
had arthroscopic evidence of OA were included in this study.

The patients were selected from a database of all
arthroscopic procedures performed at our institution
between January 2006 and December 2010 by the senior
author. There were a total of 956 patients who underwent
knee arthroscopy for a variety of indications. Hospital
records of these patients were reviewed to identify our
study group of 63 patients who had arthroscopic evidence
of PFOA and had originally presented with symptoms
compatible with the diagnosis of OA. We excluded patients
who had a history of trauma to the knee or other knee
pathologies besides OA (such as meniscal lesions), previous
knee surgery or instrumentation and other forms of arthritis
(such as inflammatory, septic or gouty arthritis).

Each patient had weight-bearing skyline and lateral
view radiographs of the symptomatic knee obtained with
a standardized radiographic technique and positioning;
lateral radiograph of the knee was taken in 30° flexion,
and skyline radiograph of patellofemoral joint was taken
in 30° flexion (18). All patients underwent arthroscopy
of the affected knee within 1 month of the radiographic
examination. The senior author of this study performed
all the arthroscopic procedures. All patients were operated
in supine position under general anesthesia and standard
arthroscopic portals were used. At arthroscopy, the
patellofemoral compartment of each patient was graded
according to a modified Outerbridge classification
(Table 1). The surgeon was not blinded to the clinical and
radiographic findings at the time of surgery.

Two musculoskeletal radiologists performed a blinded
review of the skyline and lateral radiographs. The radiologists
were not aware of the clinical or arthroscopic findings at
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Table 2 Kellgren-Lawrence grading system for osteoarthritis
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Grade Radiologic findings

| Doubtful narrowing of joint space and possible osteophytic lipping

Il Definite osteophytes and possible narrowing of joint space

Il Moderate multiple osteophytes, definite narrowing of joint space, some sclerosis and possible deformity of bone

contour

\Y, Large osteophytes, marked narrowing of joint space, severe sclerosis and definite deformity of bone contour

Table 3 Association between severity of articular cartilage degeneration (Outerbridge classification) within patellofemoral joint and

skyline and lateral radiographic grade of patellofemoral osteoarthritis (Kellgren-Lawrence grading scale)

Skyline view Lateral view
Radiographic - - - - - - - -
grade No. of patients Grade of articular cartilage degeneration No. of patients Grade of articular cartilage degeneration
(n=63) Mean SD (n=63) Mean SD

| 7 0.57 1.512 12 1.42 1.379

Il 24 2.92 0.929 31 3.10 1.012

1l 25 3.00 0.913 15 2.80 0.941

\% 7 2.86 0.690 5 2.80 0.837

the time of reporting of the radiographs. The radiologists
utilized the K&L grading scale (Table 2) to determine the
presence and severity of OA of the patellofemoral joint
in each patient for both lateral and skyline views. The
radiologists were not blinded to their individual scoring
and a conclusively agreed upon score was presented to the
clinicians for further evaluation.

The radiographic grade of PFOA was represented by the
numerical value of the K&L grade. The arthroscopic grade
of articular cartilage degeneration in the patellofemoral
compartment of the knee according to the Outerbridge
classification was assigned as the numerical severity of OA
in the patellofemoral joint.

All statistical analyses were performed using the
Statistical Package for the Social Sciences (SPSS) Version
20 (IBM® SPSS Statistics, Armonk, New York, USA).
The alpha was set to 0.05 for our statistical analyses. The
correlation between K&L grading of lateral and skyline
radiographs and severity of articular cartilage degeneration
were evaluated using the Spearman’s correlation. The
sensitivity, specificity, positive predictive value (PPV),
negative predictive value (NPV) and accuracy were
evaluated with 2x2 tables that were drawn up comparing the
test results (i.e., K&L grading) with the true disease status
(i.e., the arthroscopically visualized Outerbridge grading)
for both skyline and lateral views. From these tables, the
true positives (a), true negatives (d), false positives (b) and
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false negatives (c) were used to calculate the sensitivity,
specificity, PPV, NPV and accuracy. The formulae used for
the various parameters are as such: PPV = a/(a+b), NPV
= d/(c+d), sensitivity = a/(a+c), specificity = d/(b+d) and
accuracy = (a+ b)/(a+b+c+d).

Results

Tuble 3 shows the mean numeric values (with standard
deviation) demonstrating the severity of articular cartilage
degeneration within the patellofemoral joint for skyline and
lateral radiographic grade of OA respectively according to
the K&L scale. In general, the higher the K&L grading on
skyline and lateral radiographs, the greater the severity of
articular cartilage degeneration on arthroscopy.

The Spearman correlation coefficients illustrating the
relation between the Outerbridge Classification and the
K&L grading scale was 0.263 (P<0.037; 95% CI, 0.017-
0.479) for skyline radiographs and 0.222 (P=0.040; 95%
CI, 0.027-0.445) for lateral radiographs. This suggests
that increasing K&L grade accounts only for 26.3% (on
skyline view) and 22.2% (on lateral view) of the variation of
severity of arthroscopically determined articular cartilage
degeneration. Figures 1,2 illustrate the disparity between
radiographic and arthroscopic findings.

Table 4 shows the correlation coefficients after
stratification according to severity of radiographically
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Skyline (Grade 3)

Lateral (Grade 2)
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L3

Arthroscopy (Grade 3)

Figure 1 Discrepancy between radiographic and arthroscopic grading of patellofemoral osteoarthritis (case 1).

g =&

Skyline (Grade 3)

Lateral (Grade 2)

Arthroscopy (Grade 3)

Figure 2 Discrepancy between radiographic and arthroscopic grading of patellofemoral osteoarthritis (case 2).

graded OA. The patients were stratified into early OA (K&L
grades 1 and 2) and late OA (K&L grades 3 and 4) and
analyzed. On both skyline and lateral views, radiographs
with early OA had higher correlation coefficients than
radiographs with late OA. The correlation coefficients are
0.582 (P<0.01; 95% CI, 0.287-0.776) and 0.530 (P<0.01;
95% CI, 0.274-0.716) for skyline and lateral radiographs
respectively.

Table 5 shows the sensitivity, specificity, PPV, NPV and
accuracy of skyline and lateral radiographs in predicting
early OA. Skyline radiographs were superior to lateral
radiographs in terms of specificity (58.82% vs. 29.41%),
PPV (54.84% uvs. 44.19%) and NPV (62.50% vs. 50.00%),
but inferior in terms of sensitivity (65.52% vs. 58.62%).
The accuracy of skyline radiographs was determined to be
superior to that of lateral radiographs (58.73 % wvs. 46.03%).

Tuable 6 shows the demographic details of our subjects
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with a trend of higher body mass index with increased
radiographic grades. Table 7 shows the 2x2 contingency
tables categorizing early and late staged of OA by
radiography and arthroscopy.

Discussion

Of the many scales used to classify severity of radiographic
OA, the most widely used is the K&L grading scale. There
are studies, which have evaluated the correlation between
K&L scale and arthroscopic findings in tibiofemoral OA,
but to our knowledge, no studies have been done on PFOA
(12-20). Studies by Brandt e /. and Blackburn ez 4l. found
that plain radiographs were insensitive tools in detecting
articular cartilage damage (12,14). However, a study by
Jones et al. did allude that skyline radiographs were more
reproducible and allowed for more precise localization of
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Table 4 Correlation between severity of articular cartilage
degeneration (Outerbridge classification) within patellofemoral
joint and radiographic grade of osteoarthritis (Kellgren-
Lawrence grading scale) on skyline and lateral radiographs,

stratified according to early and late osteoarthritis

Grade of articular cartilage

. degeneration
Severity of K&L

View . (Outerbridge classification)
grading -
Correlation
. 95% CI
coefficient
Skyline Early (grades 1 & 2) 0.582 0.287-0.776
Late (grades 3 & 4) -0.065 —-0.404-0.290
Combined 0.263 0.017-0.479
Lateral Early (grades 1 & 2) 0.530 0.274-0.716
Late (grades 3 & 4) 0.022 -0.424-0.460
Combined 0.222 0.027-0.445

Table 5 Sensitivity, specificity, PPV, NPV and accuracy of

skyline and lateral radiographs in predicting early osteoarthritis

Radiographic view

Characters

Skyline Lateral
Sensitivity (%) 58.62 65.52
Specificity (%) 58.82 29.41
Positive predictive value (%) 54.84 4419
Negative predictive value (%) 62.50 50.00
Accuracy (%) 58.73 46.03

change than lateral radiographs (18). With this information
in mind, we aimed to determine the correlation of the K&L
grading scale on both the lateral and skyline views with
arthroscopic visualization of articular cartilage damage as
well as the diagnostic accuracy of radiographs in detecting
PFOA.

Based on the results of our study, there is a positive
correlation between K&L grade and arthroscopic cartilage
degeneration in both skyline and lateral radiographs.
There is a general trend of increasing arthroscopic grade
of articular cartilage degeneration as K&L grade increases.
However, we find that there is a discrepancy between the
radiographic grades and arthroscopic grades and this could
possibly be explained by a disparity in the sample size, as is
observed by the fact that skyline grade 3 radiographs and
lateral grade 2 radiographs have the highest numbers as
compared to the other grades.
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The correlation between K&L grading and arthroscopic
grading in our study has been found to be about 40% on
skyline radiographs and 29% on lateral radiographs; this
figure is low compared to previous studies that looked at
the tibiofemoral joint. In a recent study by Kijowski ez 4l.,
the K&L grade and arthroscopic grade had a correlation
coefficient of 0.49 (20). Our study shows a correlation
coefficient of 0.40 and 0.29 for the skyline and lateral
view respectively. This is a rather weak correlation but it
is unsurprising, as a similar trend has been reported in the
literature between radiographic findings and arthroscopic
findings (19). The figure is in a similar range as previous
studies that looked at the tibiofemoral joint (12-20). The
authors of these studies criticized the K&L scale for placing
too much emphasis on presence of osteophytosis over joint
space narrowing, which is thought to reflect the degree
of wear of the cartilage, a key pathologic process in the
development of OA. Kallman ez 4/. state that according
to the K&L grading, if osteophytes are not present, “the
joint must be graded as negative for OA” (21). Thus in the
absence of osteophytes, the K&L grading fails to account
adequately for joint space narrowing or sclerosis. We
postulate that some patients may have more joint space
narrowing than osteophyte growth. This is a possible
explanation for the relatively weak correlation seen between
radiographic K&L grading and arthroscopic articular
cartilage degeneration seen in our study.

Interestingly, after stratification of the K&L grading
of radiographs according to early and late OA, there is
a significant increase in the correlation coefficient of
radiographically determined early OA and arthroscopically
graded articular cartilage degeneration. This may imply
that radiographs are more useful in assessing the severity of
OA in the early stage of the disease, and other modalities
might be better suited to picking up late stage OA. There is
no evidence in the literature that could offer an explanation
for our observation. We postulate that it could be the fact
that radiographs with early disease and minimal damage
to the joint are more easily recognized and graded than
radiographs with late disease with extensive osteophytes
and joint space narrowing. It is probably easier to grade a
pristine joint with the K&L scale than it is to grade a joint
with multiple osteophytes, in which the assessor has to
decide if the osteophyte is “moderate” or “large” in size, or
if the joint space shows “definite narrowing” or “marked
narrowing”. Furthermore, due to the two dimensional
nature of radiographs, it may be difficult to distinguish the
size of an osteophyte from a single view; whereas in terms
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Table 6 Demographics of patients

Heng et al. Radiography vs. arthroscopy in PFOA

Skyline Lateral

Radiographic - > - 2

No. of Gender BMI in kg/m No. of Gender BMI in kg/m
grade i ————  Age [range] . — Age [range]

patients Male Female (range) patients Male Female (range)
I 7 3 4 52.9[41-65] 27.4(21.3-29.2) 12 3 9  51.7[39-67] 26.3 (21.3-30.1)
Il 24 7 17  50.9 [37-67] 28.3(22.5-31.2) 31 10 21 52.6[37-67] 27.5(21.8-30.8)
n 25 8 17  53.7[43-64] 29.3(23.1-30.5) 15 5 10  53.1[43-63] 28.7 (22.8-31.2)
Y 7 3 4 53.1[49-59] 29.4(22.5-31.6) 5 3 2  51.8[49-56] 29.8 (22.1-31.5)

Table 7 2x2 tables

Variables Outelrbridge Oute.rbridge
grading 0-2 grading 3-4
Skyline view
K&L grading 1-2 17 14
K&L grading 3-4 12 20
Lateral view
K&L grading 1-2 19 24
K&L grading 3-4 10 10

of early OA, it is easy to decide if there is an absence of
osteophytes, or if there is just a tiny osteophyte.

Statistical analyses of our results showed that skyline
radiographs were superior to lateral radiographs in terms
of specificity, PPV, NPV and accuracy, losing out only in
terms of sensitivity. In particular, skyline radiographs were
over 10% more accurate than lateral radiographs. This
finding is supported by previous radiographical studies,
which concur with the preferential use of skyline over lateral
radiographs (22). Mid-flexion lateral radiographs were
found to have poor reproducibility in assessing in joint space
narrowing, and authors have suggested that it is of little
value in detecting OA progression (23,24). Furthermore,
it has been shown that skyline radiographs, as compared to
lateral radiographs, are significantly better at identifying
symptomatic OA, detecting joint space loss and osteophytosis
as well as assessing progression of PFOA (25-27).

Our study identifies a closer correlation of radiographic
grade with arthroscopic grade in early, rather than late,
OA. This is an important finding, as it would help in
decision-making with regards to investigation of PFOA.
Since correlation is better with early OA, these patients can
probably be evaluated satisfactorily with plain radiographs.
On the other hand, perhaps other modes of diagnostic
imaging should be utilized in evaluating patients with
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characteristic symptoms of PFOA (persistent anterior knee
pain that is made worse with climbing and squatting) but
minimal evidence of PFOA. This is assuming that patients
with late PFOA present with persistent anterior knee pain.
Magnetic resonance imaging and diagnostic/therapeutic
arthroscopy are viable but more expensive options. One
author has even suggested the use of outpatient arthroscopy
as a modality of investigation for PFOA (14).

Contrary to our results, McDonnell et #/. found that
“skyline patellofemoral radiographs can only exclude late
stage degenerative changes” (26). McDonnell et a/. (26)
compared radiographic grading of patellofemoral OA using
the Ahlback score, with operative assessment of cartilage
using the modified Collins grade (11,27). An Ahlback
score of 1 or more (evidence of joint space narrowing) was
taken as a positive radiographic diagnosis of arthritis; a
Collins Grade of 4 was taken as the cutoff for late cartilage
degeneration. They identified that their study was limited
by the fact that none of the radiographs were graded as
Ahlback 3 or more. However, we feel it is inaccurate to
claim that skyline patellofemoral radiographs can only
exclude late stage degenerative stages, as there were no cases
of severe radiographic OA to compare to. We present a
study sample with a diverse range of grading, and thus may
provide a more accurate view on radiographic evaluation of
patellofemoral OA.

A limitation of our study was the presence of possible
selection bias. Due to the needs of our study, we only
included symptomatic patients who had arthroscopic
evidence of PFOA. This contributes to selection bias
rendering our study population to be non-representative of
the actual population of patients with PFOA. In addition,
our sample size is small (63 patients), which could have
possibly influenced the precision of the results. The reason
for a small sample size is because there is a hesitancy to
offer arthroscopic surgery for patients with PFOA due to
a lack of evidence that supports the routine application
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of arthroscopy. A recent paper by Kirkley ez #/. shows
that arthroscopic surgery for OA provides no additional
benefit (28). Another criticism that is to be expected from
our readers is the application of the K&L grading system
in evaluating PFOA. The original paper by Kellgren and
Lawrence, did not include skyline and lateral radiographs
in the grading system (13). In addition, Crossley et al.
claimed that most radiographic scoring systems may not be
reliable for the patellofemoral joint, as they were originally
developed to assess tibiofemoral OA (29). We acknowledge
these points, but we note that in the case of Crossley er 4l.,
there were no studies quoted to support his claim and thus
was likely the author’s own opinion. We feel that since the
original description of K&L grading was theoretically sound
in reflecting the pathophysiology of PFOA and the fact
that K&L grading has been used in previous radiographic
studies, it could be applied satisfactorily to the evaluation of
skyline and lateral radiographs (25).

Conclusions

Radiographs generally have a poor correlation with
arthroscopic findings in PFOA. However, they seem to have
a better correlation in early PFOA. The skyline view has a
better accuracy than the lateral view in assessing PFOA. We
advocate the use of radiographs, especially the skyline view
in of the assessment of early OA. Further studies are needed
to evaluate other modalities of imaging in the assessment of
both early and late PFOA to guide management strategies.
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