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Abstract
Purpose of Review Patellofemoral syndrome (PFS) is a common condition seen in people with anterior knee pain. This 
review explores patient presentations and exam maneuvers used for diagnosis, as well as established/up-and-coming treat-
ment interventions.
Recent Findings Pain reduction and prevention are the main goals for PFS as they negatively affect quality of life. Com-
bination hip and knee exercises have been found to be most beneficial during therapy due to the multifactorial etiology of 
PFS. Combining exercise therapy with patellar taping has also shown a reduction in acute pain. Ultrasound may be used to 
evaluate for associated findings. Blood flow restriction and trigger point injections are options that may be helpful for pain 
reduction but further research is required.
Summary PFS is a common clinical diagnosis requiring a robust patient history, supported by various physical exam maneu-
vers. Treatment involves a patient tailored approach, often with combinations of conservative management and interventional 
procedures.

Keywords Patellofemoral pain syndrome · Patellofemoral · Anterior knee pain · Patellar instability · Chondromalacia 
patella

Introduction

Patellofemoral syndrome (PFS), commonly known as “run-
ner’s knee,” is a term used to describe pain around or under 
the patella and is one of the most common conditions caus-
ing knee pain [1–3]. Common patient presentation includes 
generalized anterior knee pain caused by activities that 
stress the patellofemoral joint [1, 2, 4]. Currently, there is 

no consensus on the etiology of patellofemoral pain syn-
drome. Multiple factors are thought to be involved, includ-
ing trauma, overuse, patellar malalignment, and muscular 
imbalance [1, 3–7]. There have also been a limited number 
of studies showing that psychological factors such as men-
tal health, fear, anxiety, and depression may contribute to 
pain in PFS [2, 6, 8, 9]. The condition has been shown to 
affect young, physically active individuals compared to other 
groups [5, 9, 10]. There is also a higher prevalence in women 
compared to men [3, 5, 4–8, 10, 11].

Diagnosis

History

Patient history is crucial in the diagnosis of PFS, as it is 
a clinical one [3]. Patients will generally present reporting 
anterior knee pain localized around or behind the patella; 
however, many people will have difficulty in localizing pain 
[1, 3, 4, 8].  A key point will be worsening pain after run-
ning, kneeling, squatting, or prolonged sitting with flexed 
knees (movie theatre sign) [1, 3, 4, 7•, 8, 9, 12]. Patients 
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may describe the pain as an achy sensation, but characteriza-
tion of pain can greatly vary and should not be used for diag-
nosis [4].  Small effusions are possible but uncommon, and 
any large effusions should elicit investigation into alternative 
diagnoses [4, 12].  Other diagnoses should be excluded, such 
as patellofemoral arthritis, prepatellar bursitis, quadriceps 
tendinopathy, plica syndrome, Osgood Schlatter Disease, 
and referred pain from the ipsilateral hip [3, 8]. 

Physical Examination

Inspection of the knee is the first step, as in any muscu-
loskeletal condition. Clinicians should assess for muscular 
atrophy, effusion, erythema, deformities, foot hyperprona-
tion, pelvic tilt, gait abnormalities, quadriceps/hamstring 
flexibility, and asymmetry of bilateral lower extremities [7•].  
Patellar alignment should be carefully observed and evaluate 
for any patella alta/baja, trochlear dysplasia, femoral ante-
version, genu valgus, and laterally displaced tibial tuberosity 
as these can predispose to PFS [4, 7•].  Palpation may elicit 
pain to the retropatellar or peripatellar region. Patient should 
also be evaluated for crepitus, effusions, or contractures [3, 
8, 12].  An ipsilateral hip examination should always be per-
formed to rule out hip pathology with referred pain to the 
knee [3, 4, 8, 10]. 

Physical examination maneuvers for PFS are numerous, 
but a recent meta-analysis of several tests for PFS showed 
no diagnostic consistency, which further emphasizes sig-
nificance of obtaining a comprehensive patient history [3, 5, 
7•8].  Some exam maneuvers that can be performed include 
Q angle measurements, J sign, patellar glide, patellar tilt test, 
patellar grind/Clarke’s test, Ely’s test, and double/single leg 
squats [8, 12].  Patients should also be asked to perform any 
activities that reproduce symptoms during the examination.

Q angle measurement is obtained by measuring the angle 
between a line connecting the anterosuperior iliac spine to 
center of patella as it intersects with a line from the center of 
patella to the middle of the anterior tibial tuberosity. Some 
literature noted that > 16 degrees is a risk factor for PFS; 
however, it is not a consistent finding [4, 6, 13]. 

J sign is used to evaluate for dynamic patellar tracking. 
Patients are seated with knees flexed to 90 degrees and then 
asked to extend the knee into full extension. A normal exam-
ination will have the patellar path tracking straight anteri-
orly, and may have slight lateral deviation. Patellar mal-
tracking will show sudden lateral deviation of the patella 
with terminal extension due to the patellar subluxation out 
of the trochlear groove in an inverted J sign pattern [4]. 

Patellar glide test is an assessment of medial/lateral mobil-
ity of the patella. With the knee flexed to 30 degrees, the 
patella is divided into 4 quadrants and displaced either medi-
ally or laterally. Displacement of 3 or more quadrants in either 

direction is indicative of a hypermobile patella which has a 
correlation with the incidence of patellofemoral pain [4, 6, 8]. 

The patellar tilt test compares the tilt in the anterior 
aspects of the medial/lateral patella and is used to assess for 
tightness in lateral knee structures. The patella is passively 
displaced laterally and then observed. If the lateral patella 
edge tilts inferiorly, this is indicative of a tight lateral reti-
naculum [4, 6, 7•, 8]. 

The patellar grind and Clarke’s test are used to mechani-
cally evaluate anterior knee pain. In the patellar grind test, 
the patient’s knee is extended and posteriorly directed pres-
sure is applied to the patella. For Clarke’s test, a posterior 
and inferior force is applied to the superior aspect of the 
patella, while the patient actively contracts the quadriceps. 
Reproduction of pain with these maneuvers is considered 
positive and indicative of patellofemoral pain [14]. 

Ely’s test is done to evaluate for rectus femoris tightness, 
which can contribute to patellofemoral pain. The patient 
is placed prone, and the examiner stands to the side. The 
patient’s ankle is held, and the knee is passively flexed, while 
the other hand stabilizes the pelvis. The test is positive if 
the ipsilateral hip has compensatory flexion, elevating the 
anterior hip off the surface [15].

Pain while performing double leg squats has been shown 
to be the most sensitive physical exam finding for PFS and 
should always be used as functional diagnostic test during 
evaluation [5, 7, 8, 12]. Single leg squats can also be per-
formed to evaluate for weak hip abductors and external rota-
tor muscles observed by any pelvic drop, trunk rotation, or 
loss of hip control. Weakness in these muscles is thought to 
contribute to PFS due to excessive leg adduction and femoral 
internal rotation with functional tasks [4]. 

Imaging

Musculoskeletal ultrasound may be useful to evaluate for asso-
ciated findings in PFS. These include the following: intraarticu-
lar effusion, quadriceps tendon thickness ≥ 0.54 cm, patellar 
tendon thickness ≥ 0.35 cm, gluteus medius thickness asym-
metry during contraction, and a smaller vastus medialis volume, 
insertion level, and fiber angle [16•].  Radiographic imaging is 
not usually performed for initial diagnosis of PFS unless there 
is a history of trauma or dislocation [4]. Radiographic find-
ings do not correlate well to patient symptoms and there are no 
specific findings associated with PFS. Plain film X-rays may be 
performed after several weeks of conservative treatment with 
no improvement to look for other causes of pain such as osteo-
arthritis, fracture, osteochondritis, or bipartite patella [3, 4, 7•].  
CT and MRI are not used for diagnosing PFS, but may evaluate 
for other causes of pain [3, 7•, 13]. 
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Treatment

As PFS is the most common cause of anterior knee pain in 
adults, treating patients effectively is of utmost importance. 
There has been abundant research showing that PFS signifi-
cantly affects one’s quality of life, as patients often forego 
recreational activities so as not to experience pain. A recent 
systematic review showed that the negative effect on qual-
ity of life on people with PFS is nearly that of osteoarthritis 
[17•].  Additionally, the findings indicate that in comparison 
to athletes without PFS, those athletes with PFS experience a 
negative effect on quality of life [17•].  The mainstay of treat-
ment for PFS is conservative management. In the acute set-
ting, which may last several weeks, pain management is best 
achieved with relative rest, ice, and NSAIDs [7•].  Once pain 
is controlled adequately, the focus of treatment is on prevent-
ing further exacerbations by targeting strengthening of the hip 
and knee muscles and improving patellar tracking. There are a 
variety of treatment options for those suffering from PFS. The 
goals of treatment are to reduce pain and inflammation, aid in 
improved patellar tracking, strengthen the muscles of the hip 
and knee, and educate the patient on activity modification.

Exercise Therapy

It is known that a physical therapy program is one of the best 
treatment approaches to PFS. Most of the evidence points to 
the importance of strengthening the muscles of the hip and 
knee. A recent international consensus statement from experts 
in the field of patellofemoral pain emphasizes the recommen-
dation of an exercise program targeting strength of the hip 
and knee muscles [18••].  The proposed mechanism is that 
strengthening these muscles improves patellar tracking [19].  
Strengthening the hip abductors and external rotators has 
also been a cornerstone of treatment in PFS, since weakness 
of these muscles has been found in patients with PFS [19].  
Examples of exercises that are often recommended include 
one- and two-legged squats, single-leg lunges [20], wall sits 
or wall slides, straight-leg raises while supine, and side-lying 
hip abduction [21]. Stretching and soft tissue mobilization of 
the iliotibial band are also used as an adjunctive approach to 
treatment, as patients with PFS are reported to have tight and 
thicker iliotibial bands than the general population [19]. 

Taping and Bracing

Other modalities used to treat PFS include taping and bracing. 
There are multiple reported purposes of taping: to medially 
direct the patella to prevent lateral patellar tracking, to aid in 
proprioception, to improve blood flow, and to provide stretch-
ing to the muscles involved. The purpose of bracing is to help 

improve the biomechanics of the knee that may be altered 
in patients with PFS, namely, patellar tilt and lateral track-
ing. Though there have been some conflicting reports in the 
literature, it is widely accepted that the adjunct of taping in 
the acute setting may be of some benefit in treating PFS. The 
review by Barton et al. found evidence that medially-directed 
patellar taping reduced pain in the acute setting, as did bracing 
to prevent lateral tracking of the patella [22].  Additionally, a 
recent review by Sisk et al. concluded that the use of taping 
especially when combined with an exercise program improved 
pain in the acute setting [23].  This review also found that 
bracing, and specifically the patellar-stabilizing brace over the 
patellar sleeve, improved pain, and function in the short term 
(< 52 weeks) in patients with PFS [23]. 

Foot Orthoses

The purpose of using foot orthoses in patients with PFS is to 
correct over-pronating of the foot and aiding in improving exces-
sive internal rotation of the affected lower extremity [24]. The 
literature supports that providers may use foot orthoses as an 
adjunct to an exercise program in the treatment of PFS especially 
for improving pain in the short term (less than 6 weeks) [25]. 
Additionally, at this time, there is not a recommendation to pro-
vide custom foot orthoses over prefabricated foot orthoses [25].

Injections

Evidence pointing to the improvement in pain and function in 
patients with PFS who undergo injections is lacking in the litera-
ture, despite injections being a cornerstone of treatment for many 
musculoskeletal conditions. While plausible that steroid injec-
tions may promote homeostasis of the knee joint after trauma, it 
is unclear to be of any benefit in PFS based on the literature [23]. 
Botulinum toxin injection to the vastus lateralis has also been 
studied for the treatment of PFS, though large studies still need 
to be done. The proposed mechanism behind targeting the vastus 
lateralis is to improve patellar tracking by balancing the medial 
and lateral forces on the patella [23]. A recent retrospective 
review analyzed improvement in pain and function to patients 
with PFS who underwent a single session of Botox injection to 
the vastus lateralis followed by physical therapy and found that 
there was improvement in both pain and function at follow-up 
and many of these patients did not require planned surgical inter-
vention for PFS at the time of the last follow-up [26].

Other Treatments

There is limited data regarding the use of acupuncture in 
treatment of PFS [22]. More studies are needed to evalu-
ate the benefit of using acupuncture, although some stud-
ies suggest there can be some mitigation of pain [23]. 
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Manual soft tissue techniques (specifically myofascial 
techniques and ischemic release at the peripatellar or hip 
regions) are uncertain to be of any benefit in improving 
pain or function in patients with PFS [18••]. Another 
area of research that has been of growing interest lately 
is blood flow restriction training. This technique utilizes 
a pneumatic cuff placed proximal to the intended target 
of strength training to restrict blood flow, thereby creat-
ing muscle hypertrophy at lower loads of strengthening 
exercises [27]. One randomized control trial done in 2017 
analyzed reduction in pain in those with PFS undergoing 
blood flow restriction to the quadriceps muscle (perform-
ing leg press and leg extension exercises at 30% of their 
one-repetition maximum) to a control group performing 
the same exercises but at 70% of their one-repetition maxi-
mum found that there was improvement in pain at 8 weeks 
[27]. Unfortunately, the data is lacking regarding this form 
of treatment for patients with PFS, and more studies are 
needed. Trigger point dry needling has also been studied 
for its effectiveness in treating PFS. A recent randomized, 
single-blind, parallel-group trial randomized participants 
to receive dry needling to the vastus medialis, vastus lat-
eralis, and rectus femoris muscles or to receive placebo 
needling once a week for 6 weeks. Thereafter, they were 
instructed to stretch the quadriceps muscle. The authors 
found that the group treated with trigger point dry nee-
dling had improved pain compared to the placebo group 
[28]. Another recent systematic review and meta-analysis 
analyzed six studies regarding the effect of trigger point 
dry needling on PFS and found low to moderate evidence 
of improvement in pain for patients with PFS who were 
treated with trigger point dry needling [29]. The uses of 
electrophysical agents such as ultrasound, cryotherapy, 
and electrical stimulation are currently not recommended 
in the treatment of PFS [25].

Surgery

A referral to an Orthopedic Surgeon should be a last resort 
for a patient suffering from PFS. Surgery may be a last 
resort if the patient fails conservative treatment, which 
many experts would advise trying for at least 24 months. 
Surgery, if needed to be performed, may involve removing 
damaged articular cartilage of the patella and performing a 
lateral retinacular release so as to allow optimized tracking 
of the patella in the trochlear groove. A randomized control 
trial in 2012 compared one group undergoing knee arthros-
copy and home exercise program with a group undergo-
ing a home exercise program alone and found that those 
who were treated with knee arthroscopy and home exercise 
program did not have superior improvement in pain and 
function compared to the group treated with home exercise 
program alone [30].

Conclusion

Treatment for PFS should be individualized to the needs of the 
patient, based on the history and physical exam. The causes 
of PFS are thought to be multifactorial, and thus a tailored 
approach to treatment is warranted, often combining treatment 
modalities. The literature supports an exercise program specifi-
cally focusing on the hip and knee as the mainstay of treatment 
for PFS. Combining exercise with other treatment modalities 
including taping and bracing and use of foot orthoses has also 
been shown to be of benefit in improving pain especially in the 
short term. Other treatment modalities such as acupuncture, 
steroid injections, manual soft tissue techniques, and blood 
flow restriction training require more high-quality research 
studies before a clear recommendation can be made in regard 
to using them as adjuncts to treatment.
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