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Diagnosis and Management of Patellofemoral Pain Syndrome
[bookmark: _GoBack]Physical activity is a necessary component to maintain overall health, and is often involved in favorite hobbies such as running and participation in sport.  The physical and psychological benefits of these hobbies are undeniable, but unfortunately the wear and tear they cause on the body can limit participation if pains and other signs of dysfunction are not properly addressed.  In particular, the knee endures repetitive loading and various soft tissue forces during a vast majority of different activities, leading to the rise of the multifaceted patellofemoral pain syndrome (PFPS).  This common cause of knee pain has been reported in as much as 25% of the general population to some degree, and those who are more active or participate in sports are especially likely to be affected.1,2  PFPS affects both young and old, and is a particular concern for women, who are 2.23 times more likely to develop it than men.3,4  
PFPS is typically regarded as an overuse injury rather than the result of acute trauma, with the cardinal symptom being pain around the patella and the anterior aspect of the knee during and after activity.  Joint stiffness, crepitus, and popping may also be reported.5  The pain caused by this syndrome can be limiting to activity and affect quality of life, and may have associations with other knee pathologies.  Those with PFPS experience abnormal loading at the joint that, over time, may result in degeneration of the cartilage and underlying bone, leading to osteoarthritis.6  This same abnormal loading and altered biomechanics make those with PFPS also at a possible increased risk for anterior cruciate ligament injury.7  In addition, those suffering with PFPS have been found to have worsened dynamic standing balance, further placing them at risk for other injuries.8  These biomechanical and functional implications justify the need for prompt recognition and evidence-based management to rehabilitate and prevent recurrence of PFPS.
Etiology
	No one precise cause of PFPS exists, it is instead commonly a consequence of a combination of biomechanical, structural, and soft tissue abnormalities that become exacerbated with overuse or repetitive loading.  Although often unclear, a discussion of the proposed mechanisms behind PFPS is needed before moving forward to diagnosis and management recommendations. At the heart of the involved structures is the patella, a sesamoid bone anterior to the tibiofemoral joint that serves to increase the leverage of the quadriceps muscle.  Resting in the trochlear groove of the femur, the patella is stabilized by the quadriceps and patellar tendons superiorly and inferiorly, and by retinacula laterally and medially.9  The iliotibial (IT) band also attaches to the patella laterally.10  These structures are illustrated together in Appendix A, Figure 1.  The quadriceps muscles act directly on the patella, with the vastus medialis obliquus (VMO), a component of the vastus medialis, receiving particular attention as an instigator of PFPS.  The force vector of each quadriceps component on the patella can be seen in Appendix A, Figure 2.  Structures that do not directly attach to the patella can still influence its tracking movement and endured contact pressures, such as the hamstring and gluteal musculature.11
	Appreciation of the contribution each of these structures can make towards the development of PFPS begins with an understanding of their role in the alignment and kinematics of the patella and knee joint.  Those with PFPS have been found to have several biomechanical deviations, which are thought to contribute to the development and persistence of this syndrome.   An increased Q-angle and increased knee valgus remain commonly cited factors of causation due to the increased lateral force exerted on the patella in these conditions, although this may not be found in all cases.10,12  As described by Park and Stefanyshyn, “Q-angle is defined as the angle between the line connecting the anterior superior iliac spine (ASIS) to the center of the patella, and the extension of a line from the tibial tubercle to the same reference point on the patella”  and is illustrated in Figure 1 of Appendix B.12  Juhn cites several studies that find similar Q-angles in those without and without PFPS, and suggests that it may not be a sole contributor to the syndrome.  This is further exemplified in the studies by Park and Stefanyshyn and by Liebensteiner et al.  The first found that an increased Q-angle did not result in an increase in valgus moment at the knee while running, and the latter found no differences in frontal plane alignment in those with and without PFPS.12,13  Therefore, although commonly used, this measure of alignment should be interpreted carefully and alongside other findings when determining a possible cause of PFPS.
In terms of proximal kinematic differences, a systematic review by Neal et al. found that runners with PFPS demonstrate increased peak hip adduction, increased internal rotation of the femur, and increased contralateral hip drop compared to controls during runnning.14  Distally, those with PFPS have increased internal rotation of the tibia, and increased dorsiflexion and rearfoot eversion at heel strike.10,15  These contribute to valgus positioning of the knee, suggesting a more dynamic lack of stabilization could be a cause of altered knee loads rather than a more static factor such as Q-angle.
As mentioned previously, the function and balance of the VMO compared to other soft tissue forces acting on the patella has been a central component in proposed PFPS etiologies, yet this concept is surrounded by mixed research.  Cowan et al. found that those with PFPS activate their vastus lateralis (VL) before the VMO during stair-stepping, a difference that controls did not demonstrate, thus supporting the idea that VMO dysfunction may contribute to PFPS.16  However, a study by Cavazzuti et al. found no differences in timing between the VMO and VL in those with PFPS compared to those without.17  Beyond the matter of timing of muscle firing is that of imbalance, and Sawatsky et al. found that weakness in the VMO compared to the VL did not result in changes in pressure location, distribution, or contact area at the patellofemoral joint.3  Additionally, Besier et al. found that those with PFPS have “the same distribution of quadriceps forces as pain-free individuals during walking and running”.  This study also found that those with PFPS showed increased quadriceps and hamstring co-contraction at heel-strike, implying that the hamstrings may have a role in PFPS by increasing contact forces.18  Patil et al. similarly found no differences in VMO to VL activation, but did see increased lateral hamstring activation in those with PFPS.19  In all, these studies suggest that attention should be paid to all forces that act on the knee, not solely the VMO. 

Diagnosis
	Unsurprising given the complexity surrounding the cause of PFPS, diagnosis is primarily a diagnosis of exclusion.  However, there are components for examination that are recommended for PFPS, most of which involve assessment of the factors previously discussed as possible contributors to the development of PFPS.  While gathering the patient’s history, if they report aforementioned symptoms or are a member of the typically affected populations, this will be the first finding supporting PFPS, particularly if the onset was after an increase in activity type, frequency, or duration.  However, since it presents so similarly to other knee pathologies, objective examination must be comprehensive.
	Palpation of the patella may be useful in ruling out PFPS in that swelling or tenderness of the patella itself are not typical of PFPS and therefore may be indicative of other pathologies.  Joint noise, such as crepitus or popping, is often seen yet is not specific to PFPS.5  Patellar position and mobility should be thoroughly addressed, for which there are several means.  Glide describes the lateral and medial displacement of the patella and can be observed by comparing the midpoint of the patella in relation to the femoral epicondyles, which can be objectively recorded by measuring the distance between the midpoint and each epicondyle. This can be observed both at rest and during contraction of the quadriceps, noting any change in position.  Lateral glide is common in PFPS.20  Patellar tilt describes the height of the medial and lateral borders relative to the surface of the femur.  An illustration of examples of both glide and tilt can be seen in Appendix C, Figure 1.  The patellar tilt test was shown to have a strong positive likelihood ratio for ruling in PFPS.21  This test is performed on a passively extended knee, holding the patella with the thumb and index finger, and simultaneously compressing the medial border and lifting the lateral border.  A positive result is when the lateral border cannot be lifted to achieve a normal orientation, indicating tightness in the lateral structures that may be interfering with normal patellofemoral mechanics.5 An illustration of the performance of this test can be seen in Appendix C, Figure 2.
[bookmark: _Hlk499727817]	An assessment of alignment is recommended throughout the literature.  Statically, this can be done by assessing Q-angle as previously described.  However, research regarding this measure is inconsistent and instead favors evaluation of dynamic alignment.  Collado and Fredericson recommend this be done during stepping up and down from a stool or during single-leg squats.  During these motions, the therapist should not only observe the movement and tracking of the patella, but also make note of any particular movement patterns. Patterns such as knee abduction or poor hip control demonstrated by hip adduction and contralateral hip drop are associated with PFPS.20  Abnormal tracking of the patella during these activities or during seated knee extension may present in the form of the “J” sign, in which the patella swiftly moves laterally as the knee moves from flexion to terminal extension instead of moving straight.5,20  This maltracking is a sign of increased lateral tension, and an illustration of this movement can be seen in Appendix C, Figure 3.
	Manual muscle testing and range of motion assessment of the lower extremity should be included as a routine part of assessment.  In particular, weakness of the quadriceps and the gluteal muscles is associated with PFPS.5,10  Also, reduced flexibility in the quadriceps, hamstrings, and IT band are frequently seen in PFPS.5
	Lastly, an analysis of gait, as well as running if applicable for the patient, is a beneficial component of the examination for this population.  Similar to the need to assess dynamic alignment with a slow stepping motion, alignment of the knee should be observed during functional activity.  In addition, parameters of the patient’s gait and run should also be noted.  Barton et al. found that those with PFPS exhibited an increase in support time, decrease in cadence and decrease in stride length during running and walking.15  Deviations in walking or running form and manipulation of these parameters could influence the onset of pain in the affected individual.
	Imaging is generally not indicated in this population for diagnosis of PFPS, but may be useful to rule out other pathologies.  For instance, if the patient reports recent trauma or surgery, radiography may be warranted.  Radiographs can detect the presence of fractures, osteoarthritis, physeal damage, osteochondritis dissecans, and bone tumors.  Also, magnetic resonance imaging (MRI) may be used to assess for stress fractures, soft tissue tears, or cartilage damage.5  
	Many other pathologies may present as pain in the anterior region of the knee with an insidious onset, so familiarity with these will aid in the exclusion process often required to reach a diagnosis of PFPS.  The table in Appendix B, Figure 4 provides an overview of these pathologies and defining characteristics that may separate their presentation from that of PFPS.  In summary, PFPS typically does not involve joint effusion or swelling, a characteristic that separates it from several other conditions, including prepatellar bursitis, osteochondritis dissecans, cartilage injury, and chondromalacia patellae.5  As discussed previously, some pathologies may have radiographic findings if imaging is performed, whereas PFPS would not demonstrate any findings on imaging other than displaying malalignment of the patella more readily.  Specific location of tenderness can also help to differentiate PFPS, with which tenderness is “behind or around the patella”, medial, or lateral retinaculum.  Tenderness more localized over the joint line would be more characteristic with meniscal injury, throughout the quadriceps and patellar tendons more in line with a tendinopathy, and along the femoral condyles could mean collateral ligament damage.  If the patient is an adolescent, consideration should be given to Sinding-Larsen-Johansson syndrome and Osgood-Schlatter disease, both of which are found in this age group and present with pain at the proximal and distal attachments of the patellar tendon respectively.  Lastly, screening of the lumbar spine and hip is recommended, as these sites could refer to the knee.5 
	
Interventions
	Once a therapist has reached the conclusion that they are seeing PFPS in the patient, many of the recommended interventions target the proposed etiologies and deficits possibly found during the assessment.  The first approach to managing this syndrome is activity modification.  While relative rest is indicated due to this condition’s connection to overuse, a therapist must have more developed, individualized recommendations than simply telling the patient to stop doing all activity.  For runners, this could mean recommend that they decrease the distance they run, and how many times a week they run.  They also may need to find another form of aerobic activity to maintain their cardiorespiratory endurance while decreasing the loading on their knee, which could include cycling, swimming, or elliptical use.  If there is a specific exercise they do, such as squats or lunges, that provokes symptoms, help the patient find alternative exercises that target what they are trying to achieve with the provoking exercise.5  It is also recommended that patients do not over-exert themselves during their exercise.  Neal et al. found that the running biomechanics characteristic of those with PFPS, such as the aforementioned hip adduction and contralateral hip drop, also become evident in healthy individuals as they fatigued.14  Therefore, even if the patient works to improve their running mechanics, continuing to exercise in a fatigued state could compromise their form and increase the chance of recurrence.  In addition to addressing the factors of running distance or duration, modification of their mechanics may also be beneficial.  Neal et al. found that retraining running mechanics, with a specific focus on reducing hip adduction, resulted in significantly reduced pain and improved function in runners with PFPS.  To facilitate this in the clinic, the authors recommended the use of video or a mirror in front of a treadmill to give the patient visual feedback.14  There is also evidence supporting that an increased cadence can result in less stress on the patellofemoral joint, with Lenhart et al. finding that a 10% increase in step rate resulted in a 10.4% decrease in the average patellar contact pressure.22 
	The use of therapeutic exercise is at the forefront of treatment for PFPS.  Strengthening of the quadriceps is the most commonly used intervention, and has been shown to have positive results.23  Attempts to selectively target the VMO in strengthening are often incorporated as well due to its perceived role in PFPS.  The recommendation for how to accomplish this focus on the VMO is generally to include hip adduction into knee extension exercises.  Choi et al. studied an isometric knee extension with hip adduction exercise and its effects on the VMO and VL, and found that this exercise did not selectively strengthen the VMO but did result in earlier VMO activation, lessening the onset difference between the VMO and VL.24  So while this does not support that this exercise can provide targeted strengthening of the VMO, it may be useful from a neuromuscular standpoint to achieve improve muscular control of the quadriceps components.  With similar intent, Peng et al. looked at the use of isometric hip adduction during a leg press exercise, and found that the addition of hip adduction did not increase the activation of the VMO throughout the full range of motion of the exercise.  However, they found that the VMO to VL activation ratio was highest in the last 45 degrees of knee extension with hip adduction, leading the authors to recommend that this exercise would be most beneficial if performed as a “semi-squat” rather than having the patient go through a full range of motion.25  In addition, Lenhart et al. found that increasing strength of the VMO did change the magnitude of pressure at the patellofemoral joint, but rather made the pressure more medial.22  With PFPS typically causing increased lateral force, this may be advantageous to redistribute pressures endured by the joint.   Having discussed the methods and potential benefits of VMO targeting, it is interesting to note the results of a study by Syme et al. that compared a generalized quadriceps strengthening program to one that specifically targeted the VMO.  They found that while both programs significantly improved pain and function, there was no significant differences in results between the two.26  Therefore, while VMO training may have benefits, it may not be advantageous for therapists to become overly consumed with targeting its activation in every exercise, especially when it can be difficult for some patients to specifically activate.
	While quadriceps strengthening has the highest level of evidence for its use according to a review by Barton et al., there is increasing evidence for strengthening the hip musculature.27  Khayambashi et al. compared a strengthening program of hip abduction and external rotation exercises to one of squats and knee extension exercises and found that, while both resulted in improvements, the hip strengthening program produced greater improvements in pain and health status.28  A review by Rixe et al. describes a study that compared a program of quadriceps strengthening and functional training to one of hip strengthening and functional training, with the hip exercise group experiencing a larger decrease in pain.  The same review also discusses a study in which a program of only quadriceps strengthening was compared to one strengthening both the quadriceps and gluteal muscles, and found that the program with the addition of the gluteal exercise was superior for decreasing pain.23  Thus, the hip musculature should be considered with the quadriceps when prescribing strengthening for a patient with PFPS. 
	Flexibility exercises also deserve consideration in the intervention plan, yet the evidence for which is lacking in comparison to strengthening exercises.  Static quadriceps stretches have been shown to decrease pain, and stretching of the triceps surae and hamstrings has also been recommended.23,27  Rixe et al. discuss a study in which passive stretching was compared to assisted, adaptive stretching through proprioceptive neuromuscular facilitation (PNF) techniques for the quadriceps and hamstrings, with the PNF group experiencing greater reduction in pain.23
	The use of foot orthotics has limited but growing evidence for use in this population.  Lack et al. found that anti-pronating foot orthoses resulted in small reductions in hip adduction and knee internal rotation during running.  They also found that in patients with pronated feet, addition of the orthoses resulted in earlier activation of the VMO.29  A study by Collins et al. found that prefabricated orthoses with some degree of customizability produced greater pain reduction that flat inserts, and were equal in degree of pain improvement compared to physical therapy.  No additional benefit was seen when the orthoses were combined with physical therapy.30
	Weak evidence exists regarding the use of manual therapy in those with PFPS.  A systematic review by Espi-Lopez et al. found that the use of manual therapy techniques such as manipulation and soft tissue therapy alleviated PFPS symptoms when combined with traditional therapy techniques such as strengthening.31  However, in this review, studies did not compare the manual therapy intervention to traditional therapy only, so any additional benefits of manual therapy are unclear.  A study by van der Dolder et al. found that transverse friction to the lateral retinaculum and medial patellar glides improved knee flexion and stair stepping ability, but not pain, compared to a control group that received no intervention at all.32  Patellar mobilization has not shown significant improvement in symptoms, and lumbopelvic manipulation failed to produce functional improvement.23,33  Those with PFPS have been shown to have increased prevalence of myofascial trigger points, particularly in the gluteus medius and quadratus lumborum, so the effects of myofascial release has been the focus of some studies.  Hains and Hains used myofascial therapy with ischemic compression in the peri-patellar and retro-patellar regions in their experimental group and the same techniques in the hip musculature in the control group and found significantly reduced pain in the  experimental group.34  Telles et al compared an experimental group who received both exercise and myofascial release to the rectus femoris and tensor fascia latae muscles to an exercise-only group, and found greater reduction in pain and degree of disability in the combination group, providing the strongest evidence supporting manual therapy.35
	For other types of conservative interventions, there is an overall lack evidence in support of their use in PFPS management.  Electrical stimulation has moderate evidence for utilization in facilitating training of the VMO.36  A study also found that electrical stimulation to the VMO, gluteus medius, hip adductors, and hamstrings decreased pain by 65.3% during performance of single-leg squats in those with PFPS.37  Ultrasound and low-level laser have not been shown to have an effect on pain in PFPS.33,38  Taping techniques have also not shown significant effects on pain or muscle activation patterns.33,38,39  Bracing may have preventative effects for pain, but overall has not been demonstrated to have significant beneifts.33,38  Pharmacological interventions may also lack utility, as there is limited evidence for the efficacy of non-steroidal anti-inflammatory drugs, and intramuscular injections of glycosaminoglycan polysulphate, a protein molecule that binds water to tissues, has had conflicting results.40
	Surgical intervention is generally not indicated in PFPS unless multiple conservative methods have failed.  Lateral retinacular release was thought to be a beneficial approach to reduce the lateral tension acting on the patella, and some studies have reported short-term pain benefits, but overall less than 25% of PFPS benefit from this procedure long-term.41,42  A cadaveric study by Ostermeier et al. found that lateral retinacular release did not correct patellar tracking or alter contact pressures in the joint.43  An alternative surgery is a transfer of the tibial tuberosity to a more medial position to alter the angle of pull of lateral structures, which was shown by Fulkerson et al. to decrease patellofemoral contact stress, but other studies experienced limited success with the technique.44,45  The Elmslie-Trillat procedure combines lateral retinacular release with a tibial tuberosity transfer, and while it has been shown to have excellent results in those with patellar instability, only 34% of PFPS patients had satisfactory results.45

Conclusion
	Overall, the ambiguity of the exact etiology of PFPS can make diagnosis and management seem muddled with uncertainty.  In addition to utilization of the discussed assessment techniques, diagnosis can be strengthened with careful gathering of the patient’s history and symptoms and with consideration of other knee pathologies that require exclusion.  For management, the strongest evidence lies with activity modification, therapeutic exercise, and foot orthotics as described, so incorporation of these should be at the forefront of an intervention plan.  With an informed knowledge of how to craft the rehabilitation program for these patients, physical therapists can maximize improvements in pain and function to allow patients to defeat the limitations brought on by PFPS.



Appendix A- Anatomical Review
Figure 1: The illustration below shows the relevant anatomy of the anterior knee, with structures that attach to and stabilize the patella. This image is reproduced from Dixit S, et al., 2007.5
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Figure 2: The image below shows force vector angles of each component of the quadriceps, as related to their fiber orientation and attachment site on the patella. This image is reproduced from Waryasz and McDermott, 2008.9
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Appendix B- Etiological Factors
Figure 1: The image below demonstrates the lines created by bony landmarks that are used to determine Q-angle. An increased Q-angle has been implicated as a risk factor for PFPS. This image is reproduced from Juhn MS, 1999.11
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Appendix C- Assessment and Diagnosis
Figure 1: The image below shows the patella with a lateral glide, lateral tilt, and a combination of both in comparison to a normally oriented patella. Lateral glide and/or tilt is commonly found in PFPS. This image is reproduced from Collado and Fredericson, 2010.20
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Figure 2: The illustration below demonstrates the performance of the patellar tilt test. Decreased ability to bring the lateral border to a neutral height relative to the medial border is a positive result. This image is reproduced from Dixit S, et al., 2007.5
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Figure 3: The illustration below shows the path of the patella when excessive lateral forces create the “J” sign during knee extension. This image is reproduced from Dixit S, et al., 2007.5
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Figure 3: The table below summarizes common knee pathologies that may present similarly to PFPS, with PFPS included for reference. This image is reproduced from Dixit S, et al., 2007.5
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TABLE 2

Causes of Anterior Knee Pain

Cause

Comment

Articular cartilage injury

Bone tumors
Chondromalacia patellae
Hoffa's disease

lliotibial band syndrome
Loose bodies
Osgood-Schlatter disease
Osteochondritis dissecans
Patellar instability/subluxation

Patellar stress fracture
Patellar tendinopathy
Patellofemoral osteoarthritis
Patellofemoral pain syndrome

Pes anserine bursitis
Plica synovialis

Prepatellar bursitis
Quadriceps tendinopathy

Referred pain from the lumbar
spine or hip joint pathology

Saphenous neuritis

Sinding-Larsen-Johansson syndrome

Symptomatic bipartite patella

May describe history of trauma; mechanical symptoms may occur if loose body present; may
have effusion; may have tenderness of involved structure (e.g., femoral condyles, patella)

Pain may be insidious; may have tenderness of bony structures

Retropatellar pain; may have history of trauma; may have effusion on examination

Pain and tenderness localized to infrapatellar fat pad

Typically presents with lateral pain and tenderness over lateral femoral epicondyle
Symptoms variable; may have intermittent sharp pain, locking, or effusion

Tenderness and swelling at insertion of patellar tendon at tibial tubercle in an adolescent
Symptoms variable; may have intermittent pain, swelling, or locking

Intermittent pain with sensation of instability or movement of patella; may have swelling;
locking can occur with loose body formation; may have tenderness over medial retinaculum

May have tenderness directly over patella
Tenderness of tendon; tendon may be thickened if chronic
May have crepitus or effusion; characteristic radiographic findings

Anterior knee pain “behind” or around patella; usually no effusion; may have findings of
patellar maltracking

Pain usually described as medial rather than anterior; tenderness over pes anserine bursa

May be medial or lateral to patella; if symptomatic, tenderness can be demonstrated on
examination

Characteristic swelling anterior to patella following trauma
Tenderness over tendon
Symptoms depend on origin of pain; knee examination usually normal

Pain usually medial but poorly localized; may have history of surgery
Tenderness at patellar tendon insertion at inferior pole of patella in an adolescent
May have tenderness directly over patella with characteristic radiographic findings

Information from reference 12.
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Figure 2

Quadriceps-Patellar Force Diagram. VMO- Vastus
medialis obliquus; VML- Vastus medialis longus; RF- Rectus
femoris; VI- Vastus intermedius; VLL- Vastus lateralis longus;
VLO- Vastus lateralis obliquus; P- Patella; TT- Tibial Tuber-
cle; T- Tibia; MR- Medial retinaculum; LR- Lateral retinacu-
lum.





