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Approach for anterior knee pain focusing on
multifactorial etiologies
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Anterior knee pain (AKP) is a difficult clinical problem owing to its diverse etiologies, including patellofemoral pain syndrome, chondromalacia patella, medial plica syndrome, Hoffa’s fat pad syndrome, patellar/quadriceps tendinopathy,
lateral patellar compression syndrome, and iliotibial band syndrome. Conservative therapies can resolve AKP; however,
surgery may be required in some refractory cases when structural abnormalities are observed. Because AKP has a high
degree of chronicity, orthopedic surgeons should adhere to standard treatment protocols, including exercise therapy.
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INTRODUCTION

PATELLOFEMORAL PAIN SYNDROME

Anterior knee pain (AKP) is one of the most frequent reasons for consultation with knee surgeons. It is reported
to affect 15% to 45% of the physically active population,
with 70% to 90% of patients with AKP experiencing recurrent symptoms [1]. Despite its high incidence [2], the
cause of AKP is often unclear and multifactorial [3,4]. AKP
from an unknown cause is referred to as patellofemoral
pain syndrome (PFPS), which can only be diagnosed
after excluding relatively obvious conditions, such as medial plica syndrome, Hoffa’s fat pad syndrome, patellar/
quadriceps tendinopathy, lateral patellar compression
syndrome, and iliotibial band syndrome (ITBS) (Fig. 1).
In most cases, non-surgical therapy can improve AKP
[5]. However, some patients with recalcitrant AKP need
surgery after careful assessment of related structural abnormalities [3]. Due to its diverse etiologies, the diagnosis
and treatment of AKP should be individualized. This review attempted to provide an update on diagnostic and
therapeutic protocols, including exercise therapy.

PFPS is a generic term for AKP from an unknown cause.
Thus, the diagnosis of PFPS can be made after excluding
other causes of AKP. PFPS affects female patients twice as
often as male patients. It has a gradual onset with recent
changes in frequency, duration, or intensity of activities.
Patients usually have difficulty localizing pain; however,
prolonged sitting with flexed knees typically aggravates
the symptom. Recent studies revealed that PFPS had
higher degrees of chronicity than previously thought,
with a significant number of patients complaining of
discomfort after 2 to 8 years of follow-up [6,7]. Several
poor prognostic factors have been identified, including
pain duration of more than 4 months [8], intense self-reported symptoms at baseline [9], and multiple pain sites
throughout the body [7]. An increasing understanding of
PFPS has evolved from the perspective that it is a simple
overuse injury to the concept that multifactorial etiologies should be explored to address PFPS [10]. Traditional
physical examinations in diagnosing PFPS include Q-an-
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gle, patellar tilt, crepitus, and weakness of hip abductors,
external rotators, and quadriceps. Imaging studies are required only for excluding other structural abnormalities
because PFPS is primarily a clinical diagnosis. However,
musculoskeletal ultrasonography, which provides a dynamic evaluation of the patellofemoral joint, has recently
gained attention [11,12].
Q-angle is an angle formed by the intersection of lines
drawn from the anterior superior iliac spine to the center of the patella and from the center of the patella to
the tibial tubercle. It indicates the patellar tendency to
laterally shift when the quadriceps muscle is contracted;
the larger the angle, the greater the tendency that may
predispose a patient to PFPS. The diagnostic value of
Q-angle has been questioned owing to its inconsistent
results, which resulted in the development of the tibial
tubercle to trochlear groove distance that uses computerized tomography or magnetic resonance imaging
(MRI). On the other hand, the standardized clinical Qangle methodology established by Smith et al. [13] has
improved the accuracy of measuring Q-angle. Excessive
lateral tilt of the patella can result in decreased medial
patellar mobility and abnormally high forces between
the lateral facet of the patella and the lateral trochlea
of the femur. Although widely used, the patella tilt test
did not provide clear evidence with regard to diagnostic
properties in a recent meta-analysis by Nunes et al. [14].
Crepitus is often regarded as a symptom in patients with
PFPS. de Oliveira Silva et al. [15] discovered that patients
who presented with knee crepitus were four times more
likely to have PFPS than healthy controls. However, crepitus did not correlate with self-reported clinical outcomes
[15]. Weakness of hip abductors, external rotators, and
quadriceps have been associated with dynamic valgus
and patellar maltracking [16]. A recent study reported an

isometric strength deficit in hip abduction and extension
in patients with PFPS compared with those without [17].
This notion emphasizes the importance of strengthening
exercise for treating patients with PFPS.
The standard treatment protocols include physical therapy, brief use of non-steroidal anti-inflammatory drugs
(NSAIDs), and patient education to prevent aggravating
activities. The consensus meeting was held to update the
consensus-based treatment recommendations for PFPS
[18]. According to the consensus, exercise therapy, regardless of the type of exercise, is the preferred intervention,
whereas electrophysical agents are not recommended.
The combination of hip and knee exercises should be
employed in preference to knee exercises alone, which
was also supported by a randomized controlled trial by
Jellad et al. [19]. Historically, patellar maltracking has
been attributed to weakness or atrophy of the vastus medialis muscle relative to the larger vastus lateralis muscle.
However, Ho et al. [20] recently reported that there was
no difference in individual vastus medialis volume based
on PFPS, denying the existence of selective atrophy of the
vastus medialis. Indeed, the recent consensus statement
from the International Patellofemoral Research Network
recommended exercise therapy without specifically targeting the vastus medialis [21]. In terms of surgical intervention, a 5-year randomized controlled trial proved that
arthroscopy did not provide any additional advantages
for patients with PFPS [22].

CHONDROMALACIA PATELLA
Chondromalacia patella is characterized by abnormal
softening, swelling, fraying, or fissuring of the patellar
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Fig. 1. Schematic of various causes of anterior knee pain.
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Fig. 2. (A, B) Fraying or fissuring of the patellar cartilage (arrow) can be
detected on magnetic resonance imaging scans. However, (C) softening
or swelling of the cartilage can only be diagnosed by probing during an
arthroscopic exam.
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cartilage. It is more common in female patients. The
causes of chondromalacia patella are unknown; however,
overuse injury, patellofemoral instability, and activities
increasing patellofemoral pressure are suspected. Patients present with vague discomfort or fullness around
the knee that worsens with running, climbing, and
squatting. MRI scans can detect prominent fraying or fissuring; however, diagnosis becomes difficult if the only
abnormal finding is softening or swelling of the cartilage
(Fig. 2). The treatment is also difficult because no specific
protocol has been established. The mainstay of treatment
consists of avoiding aggravating activities, taking NSAIDs,
and strengthening the quadriceps.

MEDIAL PLICA SYNDROME
The synovial plica is a membranous inward fold that
is mostly asymptomatic. Medial plica is the most clinically relevant plica, with a 3.8% to 5.5% incidence of
medial plica syndrome [23]. The etiology of medial plica
syndrome is associated with direct trauma to the plica
and activities that involve repetitive knee motion. The
Sakakibara classification is useful for describing the medial plica: type A, cordlike elevation in the synovial wall;
type B, shelf-like appearance not covering the anterior
surface of the medial femoral condyle; type C, a large
shelf-like appearance covering the anterior surface of the
medial femoral condyle; type D, fenestrated plica with
central defects (Fig. 3). According to the Sakakibara classification, type C and D medial plica are likely to produce
impingement pain [24]. When the medial plica is trapped
in the patellofemoral joint, aching AKP occurs in the inferomedial or superomedial patellar area. If pain is provoked by pressure between the medial femoral condyle
and the patella and diminished with knee flexion, medial

A

plica syndrome can be suspected. It is usually resolved by
conservative treatments, and arthroscopic excision of the
plica should be considered in some intractable cases.

HOFFA’S FAT PAD SYNDROME
Hoffa’s fat pad is an intracapsular, extrasynovial adipose
tissue with extensive innervation [25], making the structure a rare cause of AKP. Hoffa’s test, a provocative physical examination of Hoffa’s fat pad syndrome, is positive
when pain occurs by direct pressure on the medial or lateral side of the patella with knee extension. The etiology
involves repeated microtrauma, which results in inflammatory changes of the fat pad, causing impingement in
the patellofemoral joint. The diagnosis of Hoffa’s fat pad
syndrome is difficult and can be made by excluding other
common causes of AKP. However, arthroscopic fat pad
resection is effective if the diagnosis is well established
(Fig. 4).

A

Fig. 4. (A) Hoffa’s fat pad (black arrow) is identified using a probe in the
patellofemoral joint. (B) Delicate debridement has been performed on
the fat pad.
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Fig. 3. (A) Type 3 medial plica (black arrow) is covering the anterior surface of the medial femoral condyle. (B) Type 4 medial plica (black arrow)
is showing central defects.
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Fig. 5. (A) Quadriceps tendinitis (arrow) and (B) patella tendinitis (arrow)
are noted on magnetic resonance imaging scans.
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JUMPER’S KNEE

ILIOTIBIAL BAND SYNDROME

Jumper’s knee is AKP caused by tendinopathy of the patellar tendon or quadriceps (Fig. 5). Patellar tendinopathy
is more common (with prevalence of up to 45% in elite
jumping athletes) and mainly affects individuals below 40
years of age. Tenderness at the inferior pole of the patella
is a key sign of patellar tendinopathy, and ultrasonography can reveal swelling and irregularities of the tendinous
envelope. Rest, activity modification, and NSAID are the
mainstay of treatments; however, arthroscopic debridement of hypertrophied Hoffa’s fat and denervation at the
patellar inferior pole can be considered in some recalcitrant cases. Tenderness at the superior pole of the patella
is a typical symptom of quadriceps tendinopathy. The
treatment requires rest for 4 to 6 weeks; otherwise, tendinitis would recur.

The ITB, which is a coalescence of the tensor fascia latae
and the gluteus medius muscles, inserts distally on the
Gerdy tubercle. With the knee in extension, the ITB serves
as an active extensor, but at 30° flexion, it becomes a
flexor. Overuse injury of the ITB is one of the most common causes of lateral knee pain in the active population
[26]. The common causes of ITBS include downhill running, excessive running, and long-distance running. Patients with excessive genu varum, internal tibial torsion,
or foot pronation are typically vulnerable to this disorder.
The diagnosis is usually based on characteristic history
and physical examination, such as tenderness on the lateral femoral epicondyle. The treatments consist of activity modification, physical therapy, and NSAIDs. Surgery
(excision of ITB over the lateral femoral epicondyle or Zlengthening of the ITB) can be considered only after 6
months of conservative therapy.

LATERAL PATELLAR COMPRESSION
SYNDROME
Lateral patellar compression syndrome indicates AKP
caused by an overload on the lateral facet of the patella.
The lateral patellar tilt is usually observed on radiographs. However, it can occur without patellar instability
or excessive patellar mobility. Anatomic factors, including
increased Q-angle, tight lateral hamstring, and weak vastus lateralis obliquus, cause lateral patellar compression
syndrome. Typical symptoms are pain with stair climbing or sports activity. Diagnosis is usually made based on
physical examination, including tenderness at the lateral
side of the patella and focal tenderness at the anteromedial joint line, indicating increased tension on the medial
retinaculum. Merchant view radiography is useful for the
detection of lateral patellar tilt. The treatments rely on
conservative methods, and surgery, such as arthroscopic
lateral retinacular release or patellar realignment surgery,
is rarely recommended.

CONCLUSION
Several disorders with diverse etiologies cause AKP. It can
be resolved with conservative treatments; however, surgery is often required in some refractory cases. To establish appropriate surgical indications and select effective
surgical options, various causative AKP disorders should
be understood, and the treatment needs to be individualized. Because AKP has a high degree of chronicity, orthopedic surgeons should adhere to standard treatment
protocols, including exercise therapy.
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