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	The extensor mechanism of the knee is influenced by a variety of factors and therefore a variety of treatments must be considered when using conservative management to treat patellofemoral pain associated with dysfunction.  This is a very complex problem with few well-researched solutions.  It is reported that one in four people have patellofemoral pain (Powers)!  Current treatment is moving away from surgery towards prolonged physical therapy (Hull).  Pain is usually associated with loading in a flexed position such as ascending or descending stairs or sitting with the knees flexed for a long period of time (movie sign (Wilk)) (Krivickas).  It should also be noted that patellofemoral problems are found in females twice as often as in males (except in athletics) (Powers).  The purpose of this paper is to discuss the biomechanics of the knee extensor mechanism and provide an understanding of a variety of treatments that are available including their validity.


 	First the biomechanics of the knee extensor mechanism must be considered and the causes for changes in the mechanism.  The tibiofemoral joint is the largest joint in the body, with an extensive synovium, many bursa and ligaments (Magee).  The knee is extended by the quadriceps muscle, which makes an angle at the knee known as the Q (quadriceps) angle.  This is defined as "the angle subtended by the patellar tendon and by a line from the center of the patella to the anterior superior iliac crest (Grelsamer)." 


	It is thought that a valgus deformity causes an increased Q angle, producing a lateral pull on the patella, causing increased stress and wear on both the patellar and femoral articulating surfaces.  One author thought that varus deformities caused increased Q angles because of the associated external torsion of the tibia associated with the tibial tuberosity changing the angle (Grelsamer).  A Q angle in excess of 15-20 degrees is thought to contribute to knee extensor dysfunction and patellofemoral pain (Livingston).  There are many studies concerning Q angles and patellofemoral pain with inconclusive or few results relating the two consistently (Juhn, Grelsamer).  There appears to be many factors involved with the knee extensor mechanism dysfunction causing just one variable not to be reliable in diagnosis and treatment.


	The quadriceps itself is a/the major player in extensor dysfunction rehabilitation.  In a study of various factors predicting the long-term outcome for chronic patellofemoral pain syndrome patients, extension strength was a significant predictor of the outcomes (difference between affected and unaffected knees) (Natri).


	The patella should be discussed when discussing knee biomechanics as it increases the moment arm of the quadriceps extensor mechanism, allowing less force from the quadriceps to perform flexion and extension (Grelsamer).  The most commonly accepted problem responsible for patellofemoral pain is abnormal patellar tracking (Powers).  The patella tracks in a lateral "C" pattern in the frontal plane with the open part of the "C" facing laterally.  Abnormal patellar tracking is usually to the lateral side, however it should be noted that a study found the clinical assessment, advocated by McConnell, of the medial/lateral position of the patella overestimates the true amount of lateral patellar displacement as measured by MRI (Powers).


	It should also be noted that the shape of the patella, besides its position, varies from patient to patient (Grelsamer).  The patella has a large articular surface and the thickest cartilage in the human body (Grelsamer).  The underside of the patella has articular ridges roughly in the shape of an inverted "Y" (Grelsamer).  The lateral condyle of the femur is more pronounced than the medial, probably for stabilization of the patella from lateral displacement (Grelsamer).  


	Contact studies show that in the early degrees of flexion, the distal patella articulates with the proximal trochlea (starting at about 15 degrees of flexion) (Grelsamer).  In full flexion, the medial facet does not articulate with the medial trochlea, but with an odd facet (Grelsamer).  Another interesting note on the patella is that the contact area with the femur changes with different activities at a specific angle of knee flexion (Grelsamer).  In other words, with jumping or activities with higher stress on the knee, the patellar area will increase in response to this stress (due to cartilage changes or some other mechanism?).  


	Another proposed reason for excessive lateral pressure is tight lateral retinaculum causing patellar tilt and therefore increased lateral pressure or stress (Wilk).  Klingman found that medial glides to the patella resulted in small changes in patellar position (measured in mm) which statistically decreased pain.  Grelsamer states that "when the patella is malaligned, this tilt is pronounced and irreducible...  (which is) the hallmark of patellar malalignment."  Patellar tracking and its relation to patellofemoral pain is the subject of much debate. 


	The vastus medialis oblique or VMO has received much attention in rehabilitation and research of extensor mechanism problems.  It is noted as the "primary stabilizer of the patella during knee extension (Hubbard)."  Hubbard et al. researched patellofemoral joint deterioration in relation to the VMO in 374 cadaver limbs.  It was found that the proximal VM fibers deviated, on average, 12-15 degrees from the shaft of the femur while the distal fibers (VMO) deviated, on average,  50-55 degrees.  The conclusion from Hubbard’s work was that a more distal insertion of the VMO onto the patella was not a good indicator of the presence or severity of patellofemoral joint deterioration.  However, Grelsamer notes that many studies pertaining to the VMO have been performed on normal volunteers, rendering it inconclusive for patients with actual pain.


	Bracing is commonly used to correct patellar malalignments, but a study by Powers showed that there was not significant correction of patellar tracking problems.  An increased sulcus angle was the one change noted indicating a slight superior movement of the patella during extension by the brace.  However, another study by Powers showed that 50% of subjects reported an improvement of symptoms using the same brace (Bauerfeind Genutrain P3).  It is not clear why there is clinical success associated with the brace at this point.  One theory is that the improvements may be because of minor changes in joint biomechanics and not gross changes in alignment (Powers).  It seems to be generally accepted that bracing does at least decrease pain in many patients with extensor mechanism dysfunction.


	McConnell taping is another means of attempting to improve patellar tracking and patellofemoral pain.  Radiographs showed that no effect was found on the patellofemoral congruence angle (isometric, non-weight bearing), but patients had an average of 50% decrease in pain with taping during a step down exercise (Ernst).  This is significant because pain has been linked to decreased quadriceps activation and strength (Stokes).  Another study showed that knee extensor moment and power increases were noted during a vertical jump and lateral step-up with patellar taping versus no-tape, placebo tape, and contralateral knee conditions although there was no significant change in vertical jump height (Ernst).  


	Other radiographic research has shown that taping to facilitate a medial patellar glide was successful at first but had returned to the original position after 10-15 minutes of exercise (Larsen et al.).  It should be noted however, that the post-exercise measurements between control and taped groups did show a difference after exercise (Larson).  Therefore it would appear that the taping prevented excess lateral displacement while not maintaining a medial glide position (Ernst).  Another report found that there was no benefit to taping versus a standard physical therapy program (Arroll).


	Another interesting result found by Ernst was that the knee extensor moment and power of the uninvolved knee (non-taped) were not different than the values of the taped knees!  Perhaps this is because the quadriceps work in such synergy as to not have one fire more than the other does.  One thing is clear: that the absence of differences in knee extensor moments and power shows the importance of rehabilitation of the involved knee and is very important to lower extremity skillful movements (Ernst).  


	The foot is another area to observe when treating extensor mechanism dysfunction (Grelsamer).  Pes Planus (excessive pronation in subtalar neutral) causes internal rotation of the tibia and femur that causes stress at the knee (Juhn), specifically lateral displacement of the patella (genu valga) (Wilk).  Pes Cavus (excessive supination in subtalar neutral) also may cause increased stress at the knee, possible because of decreased cushioning (Juhn) or because of less mobility in the foot leading to increased transverse plane tibial motion (Nawoczenski et al.).  It should be added that leg length discrepancies could cause similar problems (Wilk).  Treatment for a pes planus/cavus and leg length discrepancy is usually accomplished with orthotic prescription and it should be noted that studies have not shown that orthotics have any effect on knee alignment (Krivickas).  One study was found that showed significant outcomes with foot orthotics on patellofemoral pain syndrome (Arroll).


	Having looked at the foot, the hip should also be addressed in alignment issues.  Krivickas found that excess femoral anteversion had a 30% incidence of patellofemoral stress syndrome (PFSS) versus 9% in a matched population with normal anteversion. However, Fairbank et al. did not find any relationship between femoral anteversion and PFSS (Krivickas).  Unfortunately for the clinician, like so many other areas in extensor mechanism research, the research seems to be conflicting or unclear. Krivickas noted that PFSS responds well to training modification with a flexibility and strengthening program.  Patellar tendonitis/jumper's knee is another symptom of extensor mechanism dysfunction that is not well understood, although it is associated with "overuse" (Krivickas)(Wilk).  Krivickas notes that jumper's knee responds well to similar treatment as PFSS, but with somewhat less success.  A key finding in the examination to suspect patellar tendonitis is pain at the inferior pole of the patella (Wilk).


	Closed chain exercise has been reported to be more effective than open chain exercise in restoring function in patients with patellofemoral pain syndrome (Doucette, Steine).  The joint reaction force and the contact area on the patella increase from 0 to 90 degrees, with the safest range from 0 to 45 degrees for rehabilitation (Grelsamer).  From 90 to 120 degrees, the force either evens out or decreases (Grelsamer).  


	In open chain exercise, the forces on the patellofemoral joint are lowest at 90 degrees, with the safest range of motion for treatment of patellofemoral pain being from 25 to 90 degrees (Grelsamer).  In terms of cartilage stress, straight leg raises with the knee at 0 degrees of extension are safe, however this exercise emphasizes the rectus femoris that usually does not atrophy.  Powers found a study that demonstrated that a 60% increase in quadriceps force was necessary to complete the last 15 degrees of knee extension.  This combined with the decreased contact area in that range make for very high stress/forces on the cartilage (Powers).  


	Decreasing a patients activity has been described as the first step to take with patellofemoral pain because of the theory that many times it is caused by overuse/overload (Juhn).  Muscle weakness (specifically the quadriceps) is the most often cited area of concern with patellofemoral pain syndrome (Juhn).  Hip, hamstring, gastroc/soleus and iliotibial (IT) band stretching are an important part of treatment if a physical exam indicates tightness (Juhn).  Gait deviations should be noted, but will not be discussed in this paper due to time constraints and the complexity of gait besides the ignorance of the author on how to put it on paper (McVay).


	NSAIDS were found to be effective in various randomized controlled trials as stated by Arroll in a review of clinical trials.  However, Juhn warns that "patients with patellofemoral pain syndrome have not been conclusively shown to benefit from NSAIDS."  He argues that the drawback of NSAIDS is their side effects may be worse than traditional therapy.


	Cryotherapy or ice treatment is another modality used with the knee, described as "the safest anti-inflammatory medication (Juhn)."  It can be used to control pain, edema and inflammation (Cameron).  Ultrasound combined with stretching is useful because "increasing the temperature of soft tissue temporarily increases its extensibility, increasing the length gained for the same force of stretch while also reducing the risk of tissue damage (Cameron)."  Ultrasound may also help control pain (Cameron).


 	Fulkerson and Arendt found that there are clear differences between men and women in anterior knee pain occurrence.  Increased pelvic width is the prime factor thought to cause this (Fulkerson).  Females also have a higher prevalence of increased femoral anteversion, which affects the biomechanics at the knee (Fulkerson).  Femoral anteversion coupled with a compensatory external tibial torsion and pronation is termed the "miserable malalignment" and has obvious disastrous effects at the knee (Fulkerson).  Another study found that VMO orientation in females might make the patella more prone to instability (Fulkerson).  The effect of estrogen on connective tissue is another theory for this difference, although there is no research to support this (Fulkerson).  Other factors to consider include the use of high heels and sitting with the legs adducted (Fulkerson).


	Other problems that may cause patellofemoral pain which were not adequately discussed in this paper, but should be ruled out as possible causes of pain include: cancer/tumor, tendonitis, patellar trauma, soft tissue lesions, patellar dislocations, infection, inflammation of plica, reflex sympathetic dystrophy, meniscal problems, ligamentous damage, osteochondritis dissecans of the patella, Osgood-Schlatter's disease, Sinding-Larsen-Johannson syndrome, combined pathologies, etc. (Wilk, O'Sullivan, Magee).


	In review and in light of the research covered, treatment of extensor mechanism dysfunction should include the following treatments as indicated by an appropriate examination.  Decreasing activity level can decrease the stress on the knee and decrease inflammation.  Quadriceps exercise in most any fashion will help, but the most helpful is closed chain activities from 0-45 degrees.  Medial glides appear to be effective, while VMO isolation does not appear possible.  Hip strengthening might help as well as stretching of the IT band or hamstrings if they are tight.  Knee taping and bracing both seem to be controversial, but again may help pain levels.  Orthotics for patients with foot deformities or leg length difference can help.  


	Arroll puts it well when he states that:  "A good outcome from conservative therapy (i.e. maintaining activity and avoiding pain-causing activity or no therapy or simple muscle stretching and strengthening) makes it difficult to prove that additional therapy is better than nothing."


	In view of the literature and research performed in extensor mechanism dysfunction, it appears there is no simple solution.  There appears to be a multi-faceted dysfunction occurring demanding an eclectic, long-term approach to successful treatment.   It is accepted that quadriceps strength training, specifically closed chain, is a vital ingredient in most extensor mechanism treatment protocols.  Hopefully, a good understanding of knee joint biomechanics combined with some research as to the best methods of treatment available can help in the careful and thoughtful treatment and rehabilitation of an individual with this complex problem.
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