Diagnoses and Treatment of Patellofemoral Pain in Runners

Introduction
	Running has steadily become one of the most popular forms of physical activity in the United States, with an estimated 20% of Americans running regularly for fitness.1 The increase in running popularity over the years is likely attributable to its health benefits. Many studies have provided evidence revealing running as one of the most efficient ways to achieve physical fitness and longevity.2,3 More specifically, running can reduce the incidence of obesity, cardiovascular disease, and various other chronic health conditions.4 While it has many health benefits, running does come with an increased risk of musculoskeletal injury. 
Estimates place the incidence of lower extremity (LE) running injuries anywhere from 19.4% to 79.3% depending on definition of injury, study population, and follow-up periods.2,4 At any rate, roughly half of runners will incur an injury that will require them to stop running any given year.1 The most predominant site of injury is the knee. A systematic review completed by Van Gent et al. revealed that knee specific injuries accounts for 7.2% to 50% of all injuries, followed by the lower leg (9.0-32.2%), foot (5.7-39.3%), and upper leg (3.4-38.1%). The most common diagnoses of knee pain in runners, patellofemoral pain syndrome (PFPS), constitutes 25% of knee injuries treated in sports clinics.5
[bookmark: _GoBack]PFPS can be caused by a multitude of factors, some of which include anatomical variants and biomechanical factors that affect running form, orthotics, training errors, soft tissue flexibility, and muscle flexibility, strength, and endurance (table 1). Due to the wide range of possible risk factors of PFPS, it is important that clinicians have the expertise to properly diagnose and treat this issue. Without proper treatment, excessive knee pain could deter individuals from participating in physical activity, which would inherently put them at risk for developing chronic health conditions. With the proper knowledge and tools in hand, clinicians can effectively address their patients’ knee pain and facilitate a safe and progressive return to running.  
Causes of Patellofemoral Pain
	The exact pathogenesis of patellofemoral pain (PFP) is not clearly understood and likely has multiple origins. The most commonly accepted hypothesis amongst researchers and clinicians, however, relates PFP with increased patellofemoral joint stress and the resultant damage to articular cartilage.6,7 Indeed, individuals with PFP exhibit greater peak and mean hydrostatic pressures and octahedral shear stresses compared to healthy controls.8 Disruption to articular cartilage increases the stress placed on the underlying subchondral bone, thereby causing nociceptive pain. Other possible structures subject to the effects of increased patellofemoral joint stress are the patellar retinaculum, peripatellar synovium, and the surrounding muscles and nerves.9 
	Increased patellofemoral joint pressures could be a result of abnormal patellar alignment within the trochlear grove and/or abnormal patellar tracking during knee movement. Static and dynamic patellar malalignment result in decreased contact area between the patella and the femoral condyles, thereby driving up contact pressure and causing degenerative changes to the underlying articular cartilage and subchondral bone. A second possible mechanism of PFP is repetitive and high-frequency overload of the patellofemoral joint. Activities such as running, which requires repetitive and frequent loading of the knee, could result in chronic overload and degenerative changes of the surrounding knee tissues. Runners who subject their knees to repetitive and frequent overload and who also have abnormal patellar alignment and/or tracking would be especially susceptible to PFP. As stated previously, the factors contributing to large patellofemoral joint pressure are diverse and widespread. Whether it be aberrant patellar alignment and tracking and/or overload of the joint, clinicians must conduct a careful and detailed evaluation to determine all the factors that may be contributing to a runner’s PFP.
Diagnoses 
History
	Examination should begin with a thorough history to determine symptom onset and location. The onset of PFP is usually spontaneous and insidious. Blunt trauma to the knee, however, can crush the underlying articular cartilage and cause persistent patellofemoral pain as well.7 PFP is usually described as a dull ache localized diffusely to the anterior knee, but in some cases can be described as sharp.6,7 It may be helpful to ask patients to point with one finger where their pain is located in an attempt to narrow down the possible affected tissues. PFP is typically exacerbated by any activities that increases stress to the patellofemoral joint. Aggravating factors may include ascending or descending stairs, running, jumping, squatting, or prolonged knee flexion (aka the movie theater sign).6,7 Patients may also complain of knee buckling, catching, or feelings of instability during running or walking.6,7 Feelings of instability may be attributable to knee pain inhibiting activity of the quadriceps, but clinicians must rule out instability arising from patellar dislocation, subluxation, or ligamentous injury.6 Patients may also exhibit swelling of the knee. Swelling, however, is not a prominent feature of PFPS and may be indicative of another issue.7
	The patient’s training habits should be discussed during the interview to assess whether they are making any training errors that are predisposing them to PFP (table 1, column 3). Important consideration must be given to habits that result in frequent overload of the patellofemoral joint. If the patient’s pain is consistently aggravated by uphill or downhill running, which significantly increases patellofemoral joint stress, he or she should be advised to avoid hills as much as possible or to run these hills in a zig-zag pattern. Clinicians should also determine if the individual has abruptly escalated their duration, frequency, or intensity of running, as these factors subject knee tissues to forces that have not yet established resiliency to the increased demands they are being subjected to. Novice runners are also at a higher risk for developing PFPS. An analysis on 874 runners found that new runners who increased their weekly mileage by more than 30% over a two-week period were at an increased risk for running-related injuries.10 Finally, the patient’s weekly mileage should be discussed. High weekly mileage beyond 20-40 miles a week significantly increases the incidence of PFPS.7

 Physical Examination
	Physical examination should begin with an assessment of LE alignment with the patient in standing. Individuals with PFP may have excessive internal rotation (IR) of their femur, which may be indicated by inward-pointing patella and tibial external rotation (ER).7 Excessive femoral IR under a semi-fixed patella causes a relative lateral displacement of the patella7, which reduces contact area between the patella and trochlear grove and increases patellofemoral joint contact pressure. Another common measurement of LE alignment is Q-angle, or the angle formed by the line connecting the ASIS to the patella and the line connecting the patella to the anterior tibial tuberosity (figure 1).6 The Q-angle is thought to represent the force vector created by the quadriceps. Theoretically, a large Q-angle would increase the lateral force placed on the patella, which would increase the contact pressure between the articulating surfaces of the patella and lateral femoral condyle (figure 1). While the evidence is inconsistent, many researchers support the finding that a Q-angle larger than 16° is a risk factor for developing PFPS.6 Clinicians should also look for genu valgum or varum deformities of the knee, the presence of which would alter Q-angle and patellar tracking during movement. 
	Alignment of the LE should be assessed dynamically, as malalignment not present in a static position may emerge due to LE weakness or poor neuromuscular control. Dynamic malalignment of the LE can be assessed through a single leg squat test in which the patient slowly completes a squat from 45° to 60° of knee flexion.7 As the patient descends, the clinician should observe for contralateral hip drop and ipsilateral hip adduction, femoral IR, knee abduction, and/or tibial ER (figure 2). These features would be indicative of weak hip abductors, weak hip external rotators, and/or poor motor control of LE musculature. Under normal conditions, a patella travels smoothly along a straight or slightly curved path through the trochlear groove.6 If, however, the patient has excessive hip adduction and femoral IR during movement, the patella may track laterally in the trochlear grove and drive up patellofemoral contact pressures (figure 3). Supporting this view is a study completed by Powers et al. who obtained dynamic magnetic resonance images (MRI) of subjects’ LEs while completing a single leg squat. These dynamic MRIs provided evidence of greater femoral internal rotation in patients who were diagnosed with PFPS.11 
	In supine, measurements of patellar glide, tilt, and mobility can be noted. The glide test assesses medial and lateral displacement of the patella by measuring distance from the middle of the patella to both the lateral and medial femoral epicondyles with the knee flexed to 20°.6 If the distance to the medial femoral condyle exceeds the distance of the patella to the lateral condyle by more than 0.5 cm, the patient may have excessive tightness of lateral restraints (lateral retinaculum and ITB) or reduced vastus medialis tension.12 These results should be interpreted with caution, however, as clinical assessment of patellar glide may overestimate lateral glide measured on a MRI.11 Secondly, patellar tilt should be assessed by comparing the height of the medial and lateral borders of the anterior aspect of the patella in the transverse plane. The two borders should be level under normal conditions. Difficulty palpating the lateral border of the patella during an isometric contraction indicates a severe lateral tilt, which may lead to lateral patellar compression syndrome.6 Lastly, patellar mobility test can further quantify mediolateral range of motion of the patella. The patella is divided into four longitudinal quadrants. With the knee flexed to 20°, the clinician glides the patella medially and laterally. Medial translation of the patella less than one quadrant indicates tightness of lateral restraints, which would increase contact pressure between the patella and lateral trochlear facet.6,7 
	Soft tissue flexibility is another factor that may contribute to PFP, which can be assessed with the patient in supine. Quadriceps flexibility can be measured with Ely’s test. Tight quadriceps can directly increase the resultant force vector between the quadriceps and patellar tendon, thereby driving up contact pressure between the patella and the femur. 6,7 Tight hamstrings have likewise been implicated as a causative factor for PFP. In theory, tight hamstrings induce a constant knee flexion moment, thereby requiring the quadriceps to contract more forcibly to produce knee extension.13 This increase in quadriceps activity, in turn, increases patellofemoral joint reaction forces. Gastrocnemius length can also be assessed, as gastrocnemius tightness has been associated with PFP as well. Researchers suggest a tight gastrocnemius limits talocrural dorsiflexion, thereby producing compensatory subtalar joint pronation in order to achieve the proper amount of dorsiflexion required for running.6 During a closed chain activity such as running, overpronation may induce compensatory femoral IR and lateral maltracking of the patella. Lastly, ITB tightness should be assessed in sidelying with an Ober’s test. Tightness of the ITB has been reported in 67% of runners with PFP14, with several other studies supporting a link between ITB tightness and the development of PFP in other populations as well.6 As the fibers of the distal ITB blend in with the lateral patellar retinaculum, tightness of the ITB could cause abnormal lateral tracking of the patella and increased patellofemoral joint stress.
	The most important aspect of the examination of a runner suspected to have PFPS is a running gait analysis. As in the single-leg squat test, clinicians should observe for excessive hip adduction and internal rotation during single leg stance on the affected limb. A study completed by Souza and Powers on women with PFP found greater hip internal rotation during running compared to healthy controls.15 These running gait impairments may be due to weak hip musculature, as another study conducted on a group runners with PFPS revealed weak hip abductor strength and increased hip adduction during running.16 These effects become more pronounced towards the end of a run, indicating that poor hip muscule endurance could lead to increased hip adduction and IR as well.16 Clinicians must also consider the patient’s neuromuscular control during single-leg stance. Souza and Powers found altered neuromuscular activity of the gluteus medius and maximus in their cohort of female runners with PFP.15 It could be that runners who are unable to maintain stability and normal LE alignment during single-leg stance are at risk for developing PFPS. Lastly, the clinician should observe for signs of excessive loading of the affected knee throughout the gait cycle. Thijs et al. hypothesize that excessive impact-sock during heel strike and during the propulsion phase of running may increase an individual’s risk of developing PFP. They found that runners who developed PFP had higher vertical peak force through the lateral heel and metatarsals 2 and 3.17 Clinicians may be able to discern high impact loading by observing the patient’s vertical displacement during running and by listening to how much noise the patient makes when landing with each step. Large vertical displacement and loud footsteps may be indicative of high impact loaders, which may constitute increased patellofemoral joint stress during impact.
	A certain amount of foot pronation is required during walking and running for shock absorption. As discussed previously, however, excessive foot pronation during the gait cycle could lead to compensatory motions up the kinetic chain that result in patellar maltracking. More specifically, Tiberio theorizes that excessive subtalar joint (STJ) pronation during midstance of the gait cycle could result in compensatory hip IR to allow for knee extension to occur. During early contact of normal gait, the STJ pronates and the tibia internally rotates as a result of closed chain pronation. Once the foot reaches midstance, the STJ should begin to supinate and the tibia externally rotate, thereby allowing the knee to extend. However, individuals who have prolonged or excessive STJ pronation will remain pronated during midstance, thereby preventing tibial external rotation and knee extension. Tiberio hypothesizes that in these situations, the hip will compensate by internally rotating, which theoretically would allow for the knee to extend properly.18 As discussed previously, excessive hip IR results in lateral displacement of the patella and increased contact pressure between the patella and femur. Therefore, clinicians should look for signs of pronation during gait analysis and through inspection of the patient’s running shoes wear pattern.
Treatment
	The range of possible risk factors for development of PFPS make treatment difficult. Unless all risk factors are addressed, it is likely that any short-term resolution of symptoms will reemerge as the individuals returns to running. Therefore, it is important that clinicians develop an individualized and comprehensive plan of care that addresses all the risk factors gleaned in the initial examination (table 2). 
Exercise Therapy
	Quadriceps strengthening is one of the most commonly utilized treatments for PFPS, as many patients with PFPS exhibit quadriceps weakness. Quadriceps strengthening routines have been found to significantly reduce symptoms of PFPS,6,7 however the mechanism by which quadriceps strength decreases pain and improves functional impairment is not clearly understood. A randomized control trial completed by Herrington et al. compared the effect of weight-bearing (WB) and non-weight bearing (NWB) quadriceps exercises for PFP. WB quadriceps exercise (open-chain) consisted of knee extensions from 90° of knee flexion, while individuals in the NWB quadriceps exercise (closed-chain) groups performed seated leg press. After the 6-week program, both groups had decreased pain and increased muscle strength and functional performance compared to a no-treatment control group.19 Open-chain exercises may be more beneficial early in the acute stage if the patient is unable to tolerate WB exercises. However, open chain quad exercises should be completed with caution; quadriceps muscle force increases as the knee extends from 90° flexion to full extension while the contact area between the patella and femur decreases during this same arc of motion.6 The simultaneous increase in muscle force and decrease in contact area results in large patellofemoral contact pressures. Closed chain exercises, on the other hand, require less quadriceps muscle force in full knee extension. Open chain exercises can be completed within pain-free arcs of motion until the patient can tolerate WB exercises, at which point closed chain exercises can be prescribed. 
	If excessive hip IR and adduction is present during dynamic activity, a rehabilitation program that includes strengthening of hip abductors and external rotators may be indicated. A study completed by Nakagawa et al. assessed the effect of adding hip abductor and ER muscle strengthening exercises to a quadriceps exercise rehabilitation program for patients with PFPS. Both the control and intervention groups received patellar mobilization, stretching, and open and closed chain quadriceps exercises. The intervention group received additional hip adductor and external rotator strengthening exercises. Compared to the control group, the intervention group had improved pain, knee extension torque, and gluteus medius EMG activity. The authors speculate that the addition of hip exercises resulted in improved hip motor control, which may have reduced the amount of hip adduction and IR of the stance limb during gait.20 An exercise intervention that addresses both quadriceps and hip musculature may therefore be warranted in this population. A Cochrane Review supports this finding, which suggest that a combination of knee and hip exercises is better than knee exercises alone at reducing PFP during activity.21 
Taping and Bracing
	If patients are having difficulty completing strengthening exercises due to pain, McConnell taping may be a good addition to an exercise program. The goal of McConnell taping is to control abnormal patellar tilt, glide, or rotation based on findings in the patient examination.22 An MRI study found that McConnell taping improves patellar position within the trochlear grove, thereby increasing contact area and reducing contact pressure between the patella and femur.23 A study completed by Whittingham et al. investigated the effectiveness of tapping and exercise on pain and function in patients with PFPS. A total of three groups took part in the study; group 1 received taping and a standardized exercise program, group 2 received placebo taping and exercise, and group 3 received exercise alone. The group receiving taping and exercise had better pain and function scores after 4 weeks of treatment compared to both control groups.24 Taping is therefore a good addition to exercise programs for patients who are found to have abnormal patellar alignment or maltracking. 
	Similar to taping, some researchers have supported the use of bracing to improve patellar kinematics and reduce symptoms of PFPS. Powers et al. examined the effect of two different braces on women with PFP, both of which were designed to apply a medially directed force to the patella. MRIs were taken of the braced and unbraced knees at varying degrees of knee flexion as well as with the knee extensors contracted. Both braces resulted in approximately 50% reduction in pain and significantly increased patellofemoral contact area.25 Level 1 evidence supports the use of patellar brace to reduce lateral tracking and provide immediate pain relief, however, evidence for the long term effectiveness of knee bracing is inconsistent.26 Medially directed patellar bracing may therefore be more effective for short-term pain relief to improve the patients’ ability to participate in early therapeutic exercise programs.
Stretching and Flexibility
	Patients who display muscle tightness during physical examination will likely benefit from a stretching program to increase muscle flexibility. As mentioned previously, tight quadriceps, hamstrings, gastrocnemius, and ITB have been implicated as risk factors for PFPS. An intervention that incorporates stretching of inflexible tissues may therefore improve outcomes. Moyano et al. compared the effectiveness of three interventions at improving symptoms of PFPS; proprioceptive neuromuscular facilitation (PNF) combined with aerobic exercise, classic stretching and strengthening exercises, and educational intervention alone (control). After 16 weeks, both intervention groups had improved pain, knee range of motion, and knee functional scores. The results show that classic stretching and PNF stretching used in conjunction with exercise are effective at improving PFP. Moyano et al. did find that PNF stretching, which combines passive and isometric stretching, resulted in better improvements than classic stretching techniques.27 Evidence supporting LE stretching in patients with PFPS is lacking. It stands to reason, however, that patients demonstrating inflexibility will benefit from stretching techniques. Clinicians may decide to pay particular attention to ITB tightness due to its role in increasing lateral patellar tilt and compression.7 
Foot Orthoses
	Individuals exhibiting excessive foot pronation may benefit from foot orthotics to prevent compensatory LE IR, thereby reducing lateral displacement of the patella. Studies demonstrating the efficacy of foot orthoses in the management of PFPS is mixed. Barton et al. substantiate the use of prefabricated foot orthoses to immediately improve pain and various other functional outcome measures in patients with PFPS. In a study by Johnston and Gross, custom foot orthotics were found to reduce subjects’ pain and stiffness subscale scores on the Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) two weeks following foot orthotic intervention.28 After three months, all WOMAC subscale scores (pain, stiffness, and physical function) were significantly improved compared to pre-intervention measurements.28 On the other hand, a systematic review on the efficacy of foot orthoses determined that limited evidence exist demonstrating the use of prefabricated foot orthoses to reduce transverse plane knee rotation and provide greater short-term improvements compared to flat inserts.29 There is, however, some evidence that combining physical therapy with foot orthotics may be better than physical therapy alone.29 Most published research has examined the effect of prefabricated foot orthotics on PFPS. Further research comparing prefabricated and custom foot orthotics may demonstrate custom orthotics as having a greater effect on reducing PFPS symptoms. 
Gait Retraining
	Some studies have shown the benefit of providing real-time visual and auditory feedback in reducing aberrant LE kinematics while running on a treadmill.30,31 In a cohort of ten runners with PFPS, Noehren et al. provided real time kinematic feedback of hip adduction during stance while also providing verbal cues to contract gluteal muscles, run with knees pointing straight head, and to maintain a level pelvis30 (figure 4). Following eight training sessions, subjects had a significant reduction in hip adduction, contralateral pelvic drop, PFP, and function, all of which were maintained at 1-month follow up.30 Willy et al. found similar results in 10 female runners with PFP using full-length mirrors as a form of visual feedback while simultaneously providing verbal feedback on their LE alignment while running. At 1 and 3-month post intervention, subjects exhibited reduced peak hip adduction, contralateral pelvic drop, and hip abduction moment during running. Subjects also reported improvements in knee pain and function.31 The results of these two studies suggest the efficacy of using gait retraining to reduce hip adduction and contralateral pelvic drop in runners with PFPS. In theory, fixing these faulty mechanics could reduce lateral tracking of the patella and therefore reduce symptoms of PFPS. 
Correcting Training Errors and Overuse
	Initial management for PFPS in runners should consist of activity modification and education regarding training errors that may put a runner at risk for developing PFPS (table 1, column 3). Activity modification is important to control pain and stimulate recovery in the initial period of treatment.7 Patients should be told to modify their intensity, frequency, or duration of running to pain free levels. Running through the pain will only serve to prolong recovery and could lead to poorer long-term outcomes. Mentioned previously, runners reporting excessive hill work should be told to avoid hilly routes. Running downhill significantly increases ground reaction forces compared to uphill running.32 If runners do run downhill, they should be informed to run in a zig-zag pattern in order to reduce GRF and, in turn, reduce patellofemoral contact pressure. Patients should also be educated regarding adequate rest time and strategies to safely progress running intensity, frequency, and duration. Runners who progress their weekly mileage by less than 10% each week are less likely to injure themselves than those who progress their mileage by 30% over two weeks.10 Once the patient’s symptoms have improved, activity can be reintroduced at an appropriate rate that does not reproduce PFP or associated symptoms.7
Conclusion 
	PFPS is a common condition amongst runners that can have long-term repercussions if not addressed properly. There are a large number of variables that have been identified as risk factors for development of PFPS. Therefore, it is imperative that clinicians conduct a thorough examination to identify all the factors contributing to their patient’s PFP. An individualized, comprehensive plan of care that addresses all the risk factors extracted from the examination will result in the best treatment outcomes. Otherwise, patients run the risk of redeveloping their symptoms and causing permanent degenerative changes to their patellofemoral joint. 
Tables and Figures
	Local Joint Factors
	LE Biomechanics
	Training Considerations

	· Patellar maltracking or hypermobility
· Quadriceps weakness
· Soft tissue inflexibility
· Quadriceps
· Gastrocnemius
· Iliotibial band
· Hamstring
	· Hip muscle dysfunction
· Hip abductor/ER weakness
· Impaired hip muscle endurance
· Neuromuscular incoordination
· Foot overpronation
· Gait deviations
· Excessive hip adduction/femoral IR
· Increased peak GRF
· Heel foot-strike pattern
	· Novice runners
· Abrupt escalation in exercise
· Increased intensity
· Increased frequency
· Excessive hill work
· Inadequate recovery time
· High weekly mileage

	Table 1. Risk factors for development of patellofemoral pain7




	Risk Factor
	Examination Finding
	Treatment

	Quadriceps weakness
	· Knee extensor weakness
	Quadriceps strengthening

	Hip weakness
	· Abductor weakness
· ER weakness
· Dynamic knee valgum
· Excessive hip adduction during dynamic activity
· Contralateral hip drop with dynamic activity
	

Hip Strengthening


	Patellar maltracking
	· Lateral patellar tilt
· Lateral patellar glide
	Patellar taping and bracing

	Soft tissue flexibility
	· Quadriceps tightness
Gastrocnemius tightness
ITB tightness
· Hamstring tightness
	Stretching (standard or PNF stretching

	Foot alignment
	· Foot overpronation during gait
· Forefoot varus deformity
· Hindfoot varus deformity
	Foot orthotics

	Gait abnormality
	· Excessive ipsilateral hip adduction
· Excessive contralateral hip drop
· High impact loading (heel strike, vertical displacement)
	
Gait retraining

	Training errors
	· Abrupt increasing in training intensity, mileage, or improper recovery
	Correct training errors, patient education

	Table 2. Risk factors for PFPS, related examination findings, and possible treatment options7
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	Figure 1. Increased Q-angle and resultant lateral force on patella33
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	Figure 2. Dynamic valgus of LE during single leg squat can be caused by IR of the femur, IR of the tibia, and/or rear-foot eversion, all of which could lead to lateral patella maltracking34
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	Figure 3. Femoral IR and/or increased external tibial rotation increases lateral vector of patella.35
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	Figure 4. (A) Runner demonstrating aberrant running form (excessive hip adduction, pelvic drop, and hip IR). (B) Correction of running form using visual feedback and auditory cues from a physical therapist. Photo from Agresta et. al, 2015.36 
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