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Knee Surgery & Related Research

Patellofemoral Osteoarthritis
Young-Mo Kim, MD, PhD and Yong-Bum Joo, MD, PhD
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Patellofemoral arthritis is a fairly common disease, and it has been gaining interest with increasing number of studies due to its diverse treatment
methods. Patellofemoral arthritis has a broad range of management options according to the characteristics of individual diseases. Identifying
whether patellofemoral arthritis is the primary cause of knee pain and is compartment arthritis is necessary for establishing an adequate treatment
method. Through investigation of the literature, the issues of recent knowledge of femoropatella arthritis and the diagnosis and treatment of which
were studied.
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Introduction
Unicompartmental arthritis of the knee generally refers to not
only tibiofemoral arthritis but also to disorders of the patella and
the cartilage. In particular, isolated patellofemoral arthritis is a
relatively common disorder for which there has been increasing
research regarding its treatment methods.
Patellofemoral arthritis occurs due to the loss of the cartilage
of the patella and the trochlear groove in approximately half of
the patients diagnosed with degenerative arthritis of the knee.
Isolated patellofemoral arthritis is not rare and radiographic
evidence of deformity can be observed in 17.1-34% of female
patients and 18.5-19% of male patients in the age of ≥55 or ≥60
years old according to some studies1,2). Noble and Hamblen2)
reported patellofemoral osteoarthritis in 79% of 100 cadavers
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aged ≥65 years. In spite of its prevalence, treatment of this painful
disorder is challenging due to the diversity of causes of the
disorder and the lack of knowledge on articular regeneration. It
has been reported that valgus knee alignment accelerates lateral
patellofemoral arthritis and dysplasia of the patella or trochlea,
malrotation of the tibia. Direction or force of the quadriceps
femoris can also influence the progression of this disease.
Patellofemoral arthritis, a common cause of anterior knee
pain, has been known to be refractory to treatment. This can
be attributed to the complexity of the patellofemoral joint
structure and insufficient recognition of the biomechanics of the
joint. In this article, I will discuss the diagnosis and treatment
options of patellofemoral arthritis based on recent studies on the
biomechanics of the patellofemoral joint and disorders associated
with patellofemoral arthritis.

The patellofemoral joint is a unique and complex structure
consisting of static elements (ligaments and bones) and dynamic
elements (neuromuscular system). The primary soft tissue
static stability of the joint is provided by the medial and lateral
patellofemoral and patellotibial complexes3). The stability of
the joint is also influenced by lower limb alignment including
varus/ valgus femorotibial alignment and rotational variances
of the femur. In addition, the relation of the knee to the pelvic
position and strength is another important stabilizer for the knee.
Therefore, patellofemoral joint abnormality can be associated
with one or combination of these factors4).
The articular cartilage of the patella is similar to that of other

193

194 Kim and Joo. Patellofemoral Osteoarthritis

Fig. 1. Dejour’s classification of trochlear
dysplasia. Type A: crossing sign (flat or
convex trochlea), Type B: crossing sign and
supratrochlear spur, Type C: crossing sign
and double contour, Type D: crossing sign.
Supratrochlear spur, double contour, and
sharp step-off of the trochlea.

joints in that it contains a solid phase and a fluid phase that is
mostly composed of collagen and glycosaminoglycans. The solid
phase is somewhat permeable and when the articular surface
is under load, the fluid gradually redistributes itself within the
solid matrix5). Therefore, the pressure within the fluid is strongly
associated with the cushioning effect of the articular cartilage
and the low friction coefficient of articular surfaces. Any damage
to the articular surfaces causes a loss of pressure within the
fluid phase, which subsequently results in higher stresses on
the collagen fibers and more vulnerability leading to possible
breakdown6).
Patellofemoral arthritis results from the loss of articular
cartilage of the patella and the trochlear groove and chondral
wear is most prevalent in the lateral patellar facet4). This indicates
that the lateral patellar facet is more often overloaded than the
central or medial aspect of the patella. Considering that lateral
facet arthritis can be caused by malalignment or tilt, arthritis can
naturally be associated with malalignment or tilt. Furthermore,
the patellofemoral joint is affected by the extensor mechanism
of the knee including the quadriceps femoris, patellar bone, and
ligaments. Malalignment of the extensor mechanism can result
in anterior knee pain due to overload on the lateral aspect of the
knee, patellar subluxation or tilt, abnormal Q-angle, or torsion
of the distal femur, all of which are good indications for tibial
tubercle osteotomy or patellofemoral joint replacement.

Other abnormal mechanisms related to patellofemoral joint pain
include trochlear dysplasia which is observed in 78% of knees
with isolated patellofemoral arthritis (Fig. 1)5,7,8). Degeneration of
the patellofemoral joint can develop secondary to abnormal stress
on the patella caused by patella alta, increased Q-angle combined
with secondary soft tissue problems, a weakened or hypoplastic
vastus medialis obliqus combined with contracture of the lateral
retinaculum, or deficiency of the medial patellofemoral ligament.
Articular fractures of the patella and trochlea caused by microtrauma or macro-trauma is a risk factor for arthritis, which is
indicated for isolated treatment of patellofemoral joint arthritis
that progresses faster than other joint arthritides. Other causes
include instability, osteoarthritis, inflammatory arthritis, obesity,
and genetic quality of the cartilage9).

Clinical Manifestation
Patellofemoral arthritis has no characteristic symptoms
although anterior knee pain is the most common complaint
among patients. The pain is aggravated by stair ascending and
descending, hill climbing, standing from a seated position,
kneeling or squatting, which is related to friction or crackling
crepitus. Some patients complain of stiffness of the knee or
pseudolocking due to “kissing” lesions between the patella and
the trochlea groove when friction occurs between the exposed
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bones.
Iwano et al.10) assessed the level of difficulty of 7 items of
activities of daily living (ADL) in their patients. Each item was
scored as 2 points if done without any problem, 1 point if done
with some problem, and 0 point if done with great difficulty. The
highest attainable score was 14 points. The ADL score of 4.1 was
noted in the cases of patellofemoral osteoarthrosis combined
with femorotibial osteoarthrosis whereas 9.4 noted in the cases
of isolated patellofemoral osteoarthrosis. The score was 0 in the
cases of isolated patellofemoral osteoarthrosis during squatting,
running with short steps, or sitting with the knee in full flexion.
None of the patients had difficulty in standing from a low seat.
Patients had more difficulty in descending than ascending stairs.
However, the ADL score was not correlated with the radiographic
findings on the severity of the disorder. The ADL was defined as
follows: 1) Pain on grinding the patella (the patella being moved
both medio-laterally and infero-superiorly), 2) Crepitation on
grinding the patella, 3) Crepitation during knee movement, 4)
Peripatellar tenderness, 5) Pain on compression of the patella, 6)
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Limitation of patellar mobility, and 7) Clarke’s test (positive when
patients complained of pain during knee extension with patella
compression).
Physical examination is nonspecific but often reveals crepitus
and effusion. Leslie and Bentley11) reported that quadriceps
wasting over than 2 cm, effusion, and retropatellar crepitus
are the most important clinical findings for the detection of
chondromalacia patellae. Tenderness over the medial or lateral
patellar facet is a major sign of patellofemoral arthritis12). The
examiner places fingers under the lateral or medial border of the
patella and applies pressure on the patellar facet to elicit clinically
significant pain in the patellofemoral joint (the source of pain
during this test has been controversial because 1) pain is felt in
the early stage of the test when stress is placed on all soft tissues
between the skin and the bone including the retinaculum and
synovium, and 2) high flexion of the knee is required for the
detection of proximal lesions). The site of articular lesion can be
determined according to the degree of flexion where pain is most
elicited when pressure is applied on the patellofemoral articular
surface: the distal the lesion is located, the lower the degree of
flexion where pain occurs. Furthermore, the patient’s standing
position and ambulation should be observed to identify the
presence of squinting patella (Fig. 2) and pronated foot, positions
that cause pain, and rotational alignment of the femur and tibia.
Femoral abnormality should be examined with the patient sitting
or lying since it can be the cause of anterior knee pain in some
cases. A differential diagnosis should be made with L-34 lumbar
disc herniation, neuroma, and tendinitis.

Radiographic Diagnosis

Fig. 2. The points inward (arrow) are squinting patella. This finding is
associated with femoral antevesion.

Patellofemoral arthritis can be assessed on the standing
anteroposterior view, standing tunnel view at 45o (Rosenberg
view), and lateral or skyline view (Merchant view). The
Merchant view at 25o-30o allows the assessment of the proximal
patellofemoral joint and the contact area between the patella and
the trochlea.

Fig. 3. Merchant staged the severity of the disease based on the 45o skyline view. (A) Stage 1: mild with more than 3 mm of joint space. (B) Stage 2:
moderate with less than 3 mm of joint space but no bony contact. (C) Stage 3: severe with bony surfaces in contact over less than one quarter of the
joint surface. (D) Stage 4: very severe with bony contact throughout the entire joint surface.
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The severity of patellofemoral joint arthritis can be classified
into 4 stages based on the 45o skyline view according to Merchant
et al.13) (Fig. 3).
The Rosenberg et al.14) view can be useful for evaluating
arthritis that is localized to the medial or posterior femorotibial
compartments because the space between the femur and tibia
can be visualized without any superimposition.
Computed tomography (CT) is recommended when
maltracking is suspected in the physical examination of patients
with patellofemoral arthritis for identification of lateral patellar
subluxation or femoral trochlear dysplasia. Magnetic resonance
imaging (MRI) and diagnostic arthroscopy are useful for the
diagnosis or identification of arthritis in other compartments.
Patellofemoral arthritis can be a symptom of other inflammatory
arthritides and thus serological tests for rheumatoid arthritis or
Lyme disease should be performed.

Treatment
1. Conservative Treatment
Isolated patellofemoral arthritis is mostly asymptomatic.
Conservative treatment is the preferred primary treatment option
and surgical intervention is considered as a last resort in a small
number of patients. Symptoms can be alleviated with quadriceps
femoris strengthening exercises, stretching of the lateral patellar
retinaculum, and range of motion (ROM) restriction. Weight loss
can also be helpful in reducing the load on the anterior knee. Pain
reduction can be expected by avoiding stair climbing, squatting,
and jumping or by injection of nonsteroidal anti-inflammatory
drugs (NSAIDS) or intra-articular injection of steroids or
hyaluronic acid.
Nutrition therapy has not been recommended for osteoarthritis
except for glucosamine which has been considered safe to use15).
Some pilot studies have shown that viscosupplementation can
potentially relieve arthritis16). Albeit not established, patella
unload sleeves, braces, and taping can be useful for pain relief17).
Surgical treatment should be considered as an option if 3 to 6
months of conservative treatment is not effective.
2. Operative Treatment
1) Soft-tissue realignment of the extensor mechanism
Soft-tissue realignment procedures for patellofemoral
osteoarthritis include release of the lateral patellar retinaculum,
reattachment or reconstruction of the medial patellofemoral
ligament, and advancement of the vastus medialis obliqus. The
results of soft-tissue realignment procedures for patellofemoral

osteoarthritis in the absence of patellar instability have not yet
been sufficiently investigated. The medial patellofemoral ligament
has been known to be a crucial component in patellofemoral joint
stability for the prevention of lateral patellofemoral dislocation3).
Release of the lateral patellar retinaculum, which has been
widely performed for anterior knee pain, involves medial transfer
of the patellofemoral contact surface. This procedure can be
effective if patellar instability is not present, pathologic lateral
tilt is the major lesion in radiography, and the medial articular
cartilage is intact. However, the vector direction of the lateral
patellar retinaculum is posterolateral, and Desio et al.18) reported
that the lateral restraining force was reduced by only 10% after
cutting of the lateral patellar retinaculum. Procedures using this
technique can be performed when patellofemoral joint pain is
present, the lateral retinaculum is the source of force causing
malalignment, and contracture or tightness is present in the
posterolateral aspect of the lateral patellar retinaculum.
Release of the lateral patellar retinaculum can be either open
or arthroscopic. It should be performed for mild patellofemoral
osteoarthritis with insignificant level of patellar tilt or subluxation.
However, the procedure generally precedes a more complete
treatment and its pain relieving effect is difficult to predict.
The procedure can be performed in combination with partial
lateral facetectomy in the following conditions: 1) lateral
patellofemoral arthritis is present on one or both sides of the
joint, 2) radiographic evidence of tilt exists without subluxation,
and 3) there is no clinical evidence of instability. When there is
a large osteophyte, the combined procedure may contribute to
clinical improvement.
2) Osteotomies of the tibial tubercle
Osteotomies of the tibial tubercle were designed to alleviate
pressure in the arthritic portion of the patellofemoral joint to
improve symptoms. Huberti and Hayes19) first introduced a
procedure that transfers the tibial tuberosity anteriorly to reduce
the load on the defective articular cartilage. Unfortunately, the
procedure often resulted in an increased load on the medial joint
of the knee due to excessive medialization, which eventually
resulted in severe osteoarthritis19,20).
However, anterior transfer of the tibial tubercle is advantageous
for the treatment of articular cartilage lesions in the distal portion
of the patella. Tibial tubercle anteriorization has been considered
remarkably effective for patellofemoral osteoarthritis in young
patients and can be a permanent solution for arthritic pain and
dysfunction related to malalignment, when properly indicated.
The following are the main principles of successful tibial
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tubercle transfer for the treatment of patellofemoral arthritis
proposed by Saleh et al.4) in 2005.
1. Restoration or maintenance of the proper balance of the
extensor mechanism.
2. Transfer of a painful and degenerated area to a less loaded
articular surface and reduction of the load on the lateral aspect of
the patella through medial transfer of the tibial tuberosity.
3. Relief of pain caused by the patellar retinaculum.
4. Tibial tubercle osteotomy for early joint motion and prompt
healing.
In order to apply these principles, the surgeon should identify
the area of pain in the patellofemoral joint based on the findings
in the patient’s medical history and physical, radiographic,
and arthroscopic examinations and determine the direction of
osteotomy in the tibial tubercle.
3) Autologous chondrocyte implantation
The etiology and cause of arthritis should be precisely
analyzed prior to autologous chondrocyte implantation for
cartilage defects. The diagnosis and correction of the underlying
abnormalities are crucial to the success of the procedure. In
1994, Brittberg et al.21) reported that autologous chondrocyte
implantation was successful only in 2 out of 7 cases. Thereafter,
restoration of adequate patellar tracking through realignment of
the extensor mechanism has been considered necessary. Peterson
et al.22) obtained excellent results in 11 out of 17 patients after
autologous chondrocyte implantation with patellar realignment.
Thus, it is of utmost importance to address the fundamental
cause before beginning treatment of cartilage defects.
As mentioned above, the site of patellar cartilage lesion is
important for the success of tibial tubercle osteotomy. Patients
with a lesion in the inferior pole or the lateral facet of the patella
can obtain more satisfying results than those with a lesion in the
proximal pole, medial facet or diffuse of the patella. A lesion at
the center of the trochlea is related to an articular lesion in the
medial aspect of the patella, which has been associated with poor
outcomes.
The success of autologous chondrocyte implantation depends
on the support, follow-up, joint stability, cartilage defect size,
severity of cartilage defect, and concomitant arthritis. In patients
with mechanical axis deviation over than 2o or a large cartilage
defect, valgus or varus osteotomy should be performed prior to
restoration of the cartilage of the weight-bearing area.
In a prospective cohort study by Minas and Bryant9), 45 patients
were followed up for 7 years after autologous chondrocyte
implantation for the treatment of isolated patellar cartilage defect,
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isolated trochlear cartilage defect, or both defects. The mean age
of the patients at the time of surgery was 36.9 years (range, 15 to
54 years). The mean follow-up period was 47.5 months (range,
24 to 86 months). The patient survey showed that 71% of the
patients were satisfied with the results, 16% had no complaints,
and 13% were unsatisfied. Overall, the results were rated as
good or excellent in 71% of the patients, fair in 22%, and poor
in 7%. The most significant improvement in motor function
was observed in patients with severe knee defects. The cost
effectiveness of the procedure, long-term follow-up results, and
comparison with other treatment methods should be addressed
in future studies.
4) Patellectomy
The theoretical basis of patellectomy is that chronic pain related
to severe defects of the patella and the cartilage can be resolved
through removal of the patella, the source of the pain. Weaver
et al.23) reported that 87% of the cases showed good results
during the 3 to 12 years of follow-up period after longitudinal
semipatellectomy, total patellectomy, and the modified Trillat
procedure for the treatment of patellofemoral arthritis secondary
to malalignment. On the other hand, side effects of the procedure
have also been reported in a variety of studies. Lennox et al.24)
reported that 54% of 83 cases with patellar arthritis including
patellofemoral arthritis (25 cases) achieved pain relief following
patellectomy and the muscle strength of the quadriceps femoris
was 60% of the normal value. Furthermore, the procedure
can result in chronic weakness in extension, extension lag, or
trochlear wear due to the contact with a tendon over time.
In general, patellectomy can be considered as an option when
1) the alignment of the extensor mechanism is normal and the
femoral trochlea is intact in spite of severe patellar arthritis, 2)
anatomical reduction is impossible due to severe comminuted
fracture of the patella, 3) patellar tracking is normal in the
presence of severe chondromalacia patella, or 4) realignment
procedure resulted in poor outcome (Fig. 4). However, patellec
tomy should be regarded as a salvage procedure.
5) Patellofemoral replacement
The first patellofemoral replacement procedure was performed
using a screw-on Vitallium patellar shell by McKeever 25) in
1955. This procedure was further developed later and Lubinus26)
introduced a patellofemoral replacement prosthesis in 1979. In
the early days of patellofemoral replacement, the results were
unsatisfactory due to the problems related to patient selection,
surgical technique, lack of understanding of the extensor
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Fig. 4. (A) Simple radiographs of a patient diagnosed with patellofemoral arthritis after patellar fracture. (B) Intraoperative gross photos and
postoperative radiographs after patellectomy.

mechanism, and durability. Tauro et al.27) reported a 50%
failure rate at 8 years after patellofemoral replacement, which
was attributed to prolonged malalignment, polyethylene wear,
impingement, and progression of arthritis in the other initially
unaffected compartments.
However, prosthesis design has evolved to produce improved
outcomes thereafter28,29). The femoral flange is shallow and broad
to promote stable fixation of the patella to the femoral trochlea.
The medial side of the patellar component is uniquely concave
to avoid impingement on the femoral component in flexion.
This design improvement has contributed to the ruling out of
the potential risk of early polyethylene wear and malalignment,
which in turn caused a low complication rate and improved
ROM (Fig. 5). Patellofemoral replacement is primarily indicated
in patients who are young for total knee arthroplasty or have
isolated patellofemoral arthritis. In general, patellectomy
produces unsatisfactory results in these patients or poor results
in 47% of patients. In addition, patellofemoral replacement is
advantageous for maintaining the biomechanics of the knee joint
while preserving the menisci and cruciate ligaments compared to
total knee arthroplasty.

Fig. 5. Postoperative simple radiographs after patellofemoral replacement
in a patient diagnosed with patellar malunion.

6) Total knee arthroplasty
Total knee arthroplasty has been established as an effective
treatment for isolated patellofemoral arthritis in elderly
patients30,31). Laskin and van Steijn30) compared the results
of total knee arthroplasty between 53 patients with isolated
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patellofemoral arthritis and those with tricompartment arthritis.
At a mean of 7.4 years after surgery, 53 patients obtained
significant improvement in symptoms although anterior knee
pain remained in 7%. In addition, total knee arthroplasty
resulted in better outcomes than patellectomy. Thus, total knee
arthroplasty appears to be the most proven and predictable
procedure for the treatment of patellofemoral arthritis in older
patients. However, the disadvantages of the procedure should be
taken into account including larger surgical area compared to the
lesion size and extensive tissue loss.

Conclusions
A broad range of management options is available for
patellofemoral arthritis depending on the patient’s symptoms and
conditions. In patients with anterior knee pain, determination of
the cause of the disorder is essential. Whether the pain is primary
or secondary and whether the arthritis is isolated or combined
should be identified prior to treatment planning.
Ongoing improvement has been reported regarding patell
ofemoral arthritis treatment. However, sufficient treatment re
sults have not been reported for comparison studies and there
is no consensus among the authors of different studies. An
agreement on the ultimate treatment method will require more
quality clinical studies on the cause of patellofemoral arthritis and
long-term treatment results. The controversy over the treatment
methods for patellofemoral arthritis is not fully resolved and
there are many exciting areas of progress.
Isolated patellofemoral arthritis is asymptomatic and does
not require treatment in most cases. Sufficient strength of the
quadriceps femoris appears crucial for achieving good treatment
results. The incidence of total knee arthroplasty would gradually
decrease with the improvement of patellofemoral replacement
techniques. Finally, it should be noted that patellofemoral
replacement is a viable treatment option for elderly patients.
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