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SUMMARY

Background: Idiopathic patellofemoral pain (iPFP) is a prevalent cause of anterior knee pain, particularly

among young, athletic females. While the diagnosis is primarily clinical, the underlying pathophysiology

remains  complex,  involving  various  functional  impairments  rather  than  structural  defects.  Effective

management  requires  a  comprehensive  understanding  of  these  multifactorial  mechanisms  to  avoid

unnecessary surgical intervention.

Objective: This  article  aims  to  synthesize  current  literature  regarding  the  biomechanical  and

neurophysiological mechanisms of iPFP and to provide a structured, evidence-based approach to clinical

examination and multidisciplinary management.

Key Points: Pathogenesis involves functional patellar maltracking, often characterized by increased lateral

translation  and  tilt  during  weight-bearing  flexion.  Contributing  factors  include  quadriceps  imbalance,

arthrogenic muscle inhibition, and dynamic knee valgus secondary to hip abductor weakness or subtalar

joint  dysfunction.  Hamstring tightness and psychological  factors,  such as kinesiophobia,  also influence

symptom  severity.  Clinical  evaluation  should  utilize  dynamic  tests,  including  the  single-leg  squat  and

balance tasks, to identify motor control deficits. Management is strictly non-surgical, prioritizing patient

education,  activity  modification,  and  targeted  rehabilitation.  Evidence  supports  combining  quadriceps

strengthening  with  proximal  hip  stabilization.  Adjunctive  therapies,  such  as  medially  directed  patellar

taping and foot orthoses, may provide short-term symptomatic relief, whereas invasive procedures and

pharmacological interventions show limited efficacy in the absence of structural pathology.

Conclusion: Idiopathic patellofemoral pain is a functional disorder managed through a multimodal, non-

operative approach. Successful outcomes depend on patient education, load management, and corrective

exercise programs addressing both local knee deficits and proximal hip mechanics to facilitate a return to

activity and prevent recurrence.
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Idiopathic  patellofemoral  pain (iPFP)  is  a  common cause of  anterior  knee pain.  It  particularly  affects  young,

athletic females. This population has been widely studied in literature.

A diagnosis of iPFP is easy to establish by questioning the patient. However, a physical examination and targeted

diagnostic  tests  can  be  used  to  eliminate  any  structural  defects  such  as  chondromalacia  patella  or  patellar

instability.  Likewise, it  is important to differentiate secondary, post-traumatic or postoperative patellofemoral

pain, even though they may be similar to iPFP.

This  article  aims  to  describe  the  different  mechanisms  involved  in  iPFP  with  reference  to  the  literature.

Addressing  each  of  these  mechanisms  as  part  of  a  multidisciplinary  treatment  approach  should  clear  the

symptoms and allow most patients to return to normal. Treatment for iPFP is never surgical.

1. Patellar maltracking

Abnormal patellar tracking in iPFP is a functional problem that occurs during weight-bearing flexion. It should

not  be  confused with  the  patellar  maltracking found with  trochlear  dysplasia.  In  fact,  the  abnormal  patellar

tracking occurs without there being any structural defect. Evidence of its existence has been provided by two

comparative studies in symptomatic patients during weight-bearing flexion. Draper et al. used dynamic MRI to

demonstrate an increase in lateral translation and tilt.  [1] Likewise in a clinical study using a motion capture

system, Wilson et al. demonstrated lateral translation and rotation (in the frontal plane) of the patella whereas

asymptomatic subjects tended to medial translation and rotation of the patella.[2] They also reported an increased

likelihood of  increased patellar  tilt  in patients with iPFP.  In both these studies,  the objective evidence of  the

maltracking was more pronounced the greater the angle of flexion. We are not aware of any prospective study of

functional patellar maltracking as a risk factor of iPFP. It appears instead to be a consequence of other functional

problems originating outside the patellofemoral joint in patients with iPFP. These various functional problems are

described below. 

2. Quadriceps imbalance

Contraction of quadriceps is one of the main factors influencing the position of the patella during weight-bearing

flexion.  Some  studies  report  a  vastus  medialis  activation  delay  in  patients  with  iPFP,[3],[4],[5] although  a

systematic review by Chester at al. found a huge variability in results.[6] Pal et al. combined electromyographic

analysis with a search for functional patellar maltracking (lateral tilt and offset) using dynamic MRI and found a

correlation  between  the  latter  and  a  vastus  medialis  activation  delay.[7]However,  the  importance  of  this

mechanism in the onset of iPFP is hard to measure and the muscle imbalance would appear to be a consequence

rather  than  a  cause.  Functional  quadriceps  problems  are  instead  secondary  to  the  pain,  which  can  lead  to

arthrogenic muscle inhibition (AMI) in the knee.[8]
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3. Dynamic knee valgus 

The direction  of  the  force  generated  by  quadriceps  is  another  determining  factor  for  patellar  tracking.  This

direction can be measured during a clinical examination using the quadriceps angle, or Q angle. It is a static

measurement. The Q angle is formed by extending one line between the anterior tibial tuberosity and the centre

of the patella, and a second line between the centre of the patella and the anterior superior iliac spine. An increase

in the Q angle increases the lateral stress on the patella. There is debate as to any link between an increased Q

angle and iPFP. Some authors report an increase in Q angle as a risk factor for iPFP.[9] On the other hand, two

recent systematic reviews report no link between Q angle and iPFP.[10],[11] The fact that some patients develop

iPFP with lateral patellar translation but no increase in Q angle and no other structural malalignment would

support the hypothesis of dynamic knee valgus. Dynamic knee valgus is an abnormal movement pattern of the

lower limb, observed during weight bearing. The hypothesis is that excessive knee valgus during activities such as

jumping  or  running  is  correlated  to  the  development  of  iPFP  by  placing  excessive  lateral  stress  on  the

patellofemoral joint. This hypothesis has been confirmed in various studies of symptomatic patients,[12],[13] but

ruled out as an iPFP risk factor by two systematic reviews.[10],[11] Dynamic knee valgus is probably therefore a

consequence  rather  than  a  cause  of  iPFP.  Furthermore,  although  debated,  dynamic  knee  valgus  could  be  a

contributing factor in other knee injuries such as anterior cruciate ligament tears.[14],[15] From a biomechanical

viewpoint, this problem is itself a consequence of internal rotation of the femur and tibia.[16] Internal rotation of

femur originates in the hip, whereas internal rotation of tibia arises in the foot. 

• Weak hip muscles

The excessive medial femoral rotation seen with dynamic knee valgus is the consequence of weak lateral rotators

and abductor muscles in the hip (gluteus minimus and gluteus medius). Several recent systematic reviews have

recognised the existence of a reduction in abduction, external rotation and extension of the hip in female athletes

with iPFP compared to healthy volunteers.[17],[18] These studies assessed hip muscle strength during single-leg

squats. However, the systematic review by Neal et al.[10] did not report this same risk factor, but on the contrary

even reported greater hip strength as a predisposing factor of iPFP in an adolescent population. Once again, hip

muscle weakness would appear to be a consequence rather than a cause of iPFP.

• Functional foot problems

Poor control of the subtalar joint during weight bearing could result in functional valgus of the hindfoot, which in

turn can lead to internal rotation of the tibia. This internal tibial rotation can subsequently cause internal rotation

of the femur and contribute to dynamic knee valgus. Barton is one of the authors who has most studied the link

between iPFP and foot kinematics.[19] In a comparative study he evidenced a link between iPFP and an increase

in hindfoot valgus. However, a recent meta-analysis concluded that current scientific proof is not strong enough

to support this mechanism as a predisposing factor for iPFP.[20] Studies based on patient motor patterns are

tricky to conduct and this could be a major shortcoming in current literature. Orthotics are commonly prescribed

for iPFP and some studies have reported short-term clinical benefits.

4. Hamstring tone

As we saw with quadriceps imbalance, functional problems are not limited to the frontal plane. Several authors

describe  early  hamstring  contraction,[21]increased  hamstring/quadriceps  cocontraction,[20] and  limited

hamstring extensibility in patients with iPFP.[19]Martinez et al. identified hamstring stiffness as a risk factor for

iPFP after a half marathon.[22] However, in the prospective study by Witvrouw, hamstring extensibility is not

reported as an iPFP risk factor.[23] Hamstring stiffness could therefore also be a consequence of the pain and

linked to the problem of AMI.
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5. Knee-spine syndrome

There is no proven link between iPFP and problems with the spine. However, many authors suspect the existence

of such a link and there is a reported clinical benefit of exercises to strengthen the spine combined with work on

the hip and knee muscles.[40]Tsuji et al. report a correlation between increased sacral tilt and patellofemoral joint

pain in an elderly population.[24] These arguments support the notion of knee-spine syndrome.

6. Psychological factors

The psychological component should not be overlooked. Nevertheless, it is not a primary or systematic cause. It is

important to understand the potential psychological mechanisms - subjectivity of pain, apprehension, low effort

tolerance and secondary benefits. The intensity of the pain sometimes contrasts with the normality of the clinical

examination and tests. Patients must be reassured and time taken to educate them in the treatment methods.

Domenech et al. report kinesiophobia as a predictive factor of pain intensity in patients with iPFP.[25]

7. Intense use and poor practices

External factors play an important role in the occurrence and consolidation of iPFP. Frequent intense exercise

with insufficient recovery time between sessions is thought to be a main cause of the onset of iPFP.[26],[27] There

is  no  published  link  between  running  technique  or  footwear  and  iPFP,[28],[29] although  these  factors  may

influence (increase or reduce) stresses on the patellofemoral joint.[30]

8. Neurophysiological factors

The exact origin of the pain stimulus in patients with iPFP is not known. The pain has for a long time thought to

originate  in  the  cartilage.  The  theory  that  iPFP  patients  experience  greater  biomechanical  stresses  in  the

patellofemoral  joint  was  not  corroborated  by  a  comparative  study.[31] More  recently,  the  notion  of  tissue

homoeostasis has emerged, suggesting that the pain stimulus is seated instead in the retinacula, Hoffa’s fat pad

and synovial membrane.[32],[33],[34] Central anomalies in terms of pain threshold have also been identified in

patients with iPFP.[35]

The history-taking and physical knee examination should be conducted as normal. iPFP should be suspected with

any mention of the characteristic features of patellofemoral joint pain combined with the correct circumstances:

[36]

- Pain around or behind the patella, which is aggravated by at least one activity that loads the patellofemoral joint

during weight-bearing (e.g. squatting, stair ambulation, jogging/running, hopping/jumping)

The patellofemoral joint may be painful during examination of the knee. Several tests help to identify crepitus

during knee flexion movements, tenderness on patellar facet palpation, small effusion, pain on sitting, rising

from sitting or straightening the knee following sitting. Pain during palpation of the retinacula is also typical.

However, none of the patellar provocation or mobilization tests are particularly sensitive or specific to iPFP.[37]

Effort should also be made to check for signs of a structural anomaly, which would then require further diagnostic

tests. The presence of effusion may suggest inflammation but does not rule out the diagnosis of iPFP. Likewise, a

flexion contracture with hamstring stiffness indicates a link with AMI.

PHYSICAL EXAMINATION
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The second stage involves dynamic leg tests. The aim is to detect any iPFP and allow the clinician to search for

objective signs of functional leg problems secondary to iPFP. A simple walking test may be helpful, however there

are more specific dynamic tests that will reveal hip muscle weakness, dynamic knee valgus and poor subtalar

control respectively:

- Single-leg balance: ask the patient to stand on one leg with the hands on the hips and bend the knee to about 60°

for 1 minute. Inability to maintain the pose for 1 minute or pelvic movement will indicate weakness of the hip

abductor muscles.[38]

-  Single-leg  squat:  Ask the  patient  to  stand on one leg  and squat.  This  test  will  reveal  dynamic knee valgus

(compare with the static leg axis).[39] This test will also trigger pain with a sensitivity of over 90%.[40]

First, we will list the various therapeutic tools at our disposal. For each tool we will try to provide scientific proof

of  efficacy.  We  will  see  that,  in  current  literature,  the  various  procedures  are  studied  as  part  of  combined

programmes, making it hard to interpret the results. Finally, we will propose a treatment programme based on

our own clinical experience.

1. Education 

The benefit of patient education for the treatment of iPFP has been the subject of a recent review.[41] Patient

education is essential and should routinely cover several aspects:

Reassurance: the intensity of the pain contrasts with the normalcy of clinical examinations and tests. In

addition,  the  symptoms  sometimes  become  chronic  and  patients  may  have  already  tried  several

treatments. It is important to reassure the patient as to the functional nature of their condition and restore

their faith in their own abilities.

Recognition: Proving the existence of a functional problem by means of a clinical examination will give the

patient evidence of their condition. It is important to involve the patient in the diagnostic process. Patients

should be told about the causative triggers, mechanisms and consequences of their functional problem.

Self-recovery:  Teaching  self-recovery  techniques  is  an  integral  part  of  patient  education  to  make  the

recovery process more successful and long-lasting.

Activity modification and load management: Teaching patients strategies for modifying their activity levels

in order to reduce the symptoms and gradually return to the desired level of activity.[42]

2. Rehabilitation

Physical therapy forms the cornerstone of treatment. The treatment arsenal is huge and there has been a recent

spate of publications about comparative studies. It is important to note that patient assessment usually takes place

between 6 and 12 weeks. 

Muscle strengthening: Muscle strengthening exercises are the most widely studied form of treatment and

the most widely practised for iPFP. Strengthening the quadriceps muscle is a proven method, despite there

being  no  evidence  of  a  causal  link  between  quadriceps  weakness  and  iPFP.  This  clinical  outcome  is

probably explained by the common association between AMI and iPFP, as well as the gradual increase of

weight-bearing on the joint. On the contrary, despite the fact that iPFP patients have been found to have

TREATMENT

• 

• 

• 

• 

• 
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weak hip  muscles,  rehabilitation  programmes do  not  always  include  the  corresponding  strengthening

exercises.  Several  meta-analyses have shown that quadriceps strengthening combined with hip muscle

exercises  give  better  outcomes than quadriceps strengthening alone.[43],[44],[45] On the other  hand,  a

programme for strengthening the hip muscles and improving motor control in the legs and spine also

appears better than quadriceps strengthening alone.[40] The literature does not always contain an accurate

description of the method and frequency of these muscle strengthening exercises. One randomized study

reported superior clinical outcomes with high-dose high-repetition therapy (9 sets of 30 reps) than with

low-dose low-repetition therapy (5 sets of 10 reps) for muscle strengthening exercises done three times a

week.[46] Randomized studies have compared open chain vs. closed chain quadriceps strengthening but

found no significant difference between the two techniques.[47],[48] We are not aware of any studies on the

benefits of isokinetic exercises for iPFP.

Stretches: In literature, stretching exercises tend to be combined with other physical therapy so we are

unable to isolate this particular treatment. Moyano et al. report superiority of stretching exercises with

proprioceptive neuromuscular facilitation compared to traditional stretches.[49]

Proprioception: Proprioception exercises may be beneficial in the treatment of iPFP. The concept has not

been widely studied but some articles do include a few exercises of a proprioceptive nature. Baldon et al.

compared  a  quadriceps  muscle  strengthening  programme  to  a  hip/knee  strengthening  programme

combined with proprioception exercises and reported a better clinical outcome in the latter group.[50]

Gait retraining: Gait retraining for the treatment of iPFP has been the subject of a recent review.[51] It was

proposed following the realization that iPFP could persist or recur even after well-observed conventional

exercises. The general principle is based on feedback mechanisms. The feedback can be provided in various

forms (e.g. visual, auditory, or haptic) and using different techniques (e.g. video monitor, electromyogram).

In one study of 10 runners with iPFP, Noehren et al. demonstrated a reduction in hip adduction and pain

thanks to real-time video feedback.[52] In another study, Bramah et al. report a clinical benefit from a 10%

increase in step rate for runners with iPFP.[53]For this study, subjects were given feedback during running

exercises using a metronome.

3. Additional treatments

- Adhesive strapping or taping

Taping involves placing adhesive strips on the skin in a certain direction and under a certain amount of tension to

adjust  patellar  tracking.  Taping  applied  medially  to  the  patella  can combat  lateral  translation  during  flexion

(McConnell technique). According to Pfeiffer et al., taping has an immediate effect on patellar tracking (dynamic

MRI). However, this effect is not seen after exercise.54 Another study found no effect on patellar medialization.[55]

In addition, taping has been reported to cause earlier activation of vastus medialis obliquus.[4] In their meta-

analysis, Barton et al. confirmed the clinical benefit of taping for short-term symptom alleviation (12 weeks) when

combined  with  physical  therapy.[56] Another  taping  method  known  as  Kinesio-Taping  has  met  with  some

commercial  success.  It  differs from the traditional  McConnell  technique insofar as  the tapes are placed in a

circular arrangement around the patella and the mechanism of action is focused on proprioception. The short-

term ability of this technique to reduce symptoms has been validated clinically in combination with a physical

rehabilitation protocol.[57]

- Leg brace

Draper  et  al.  used  dynamic  MRI  to  confirm  that  patellar  kinematics  can  be  modified  by  wearing  a  brace.1

However, according to a consensus of iPFP experts, the short- and mid-term benefits of a brace are uncertain.[58]

• 

• 

• 
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The Cochrane review by Smith et al. reports that wearing a brace does not reduce knee pain or improve knee

function in patients with iPFP.[59] It also describes negative effects due to the discomfort and skin abrasion.

- Orthopaedic insoles

The  hypothesis  of  functional  problems with  the  hindfoot  has  prompted  the  use  of  orthopaedic  insoles.  One

randomized  study  found  evidence  of  the  benefits  of  these  insoles  compared  with  a  wait-and-see  policy.[60]

Another study reported similar results in combination with physiotherapy.[61] The soles used were commercially-

available designs with added arch support and a varus-producing wedge. Given the limited ability of soles to alter

foot  biomechanics,  they  are  ultimately  more  effective  at  reducing  symptoms  than  modifying  any  functional

hindfoot problems. According to the consensus statement on iPFP, the use of foot orthoses can reduce pain in the

short term and allow a faster resumption of activities.[58]

4. Medication

There is no evidence that non-steroidal anti-inflammatory drugs are an effective treatment for iPFP. However,

their short-term use during the acute phase if there is any associated effusion could provide rapid relief from the

intensity of the pain and improve patient compliance with the treatment programme.

5. Other treatments

In the absence of any structural injury, invasive treatments have little place in the management of iPFP. However,

once all other treatment options have been exhausted then this option could be considered, and so it is important

to understand the outcomes. If there is no structural damage then surgery is contraindicated as a treatment for

iPFP. Kettunen et al. conducted a randomized study in 2007 to compare arthroscopy vs. exercise alone.[62] The

study had many limitations, such as small population size, high incidence of cartilage damage and wide variety of

arthroscopic procedures.  The authors found no significant difference in functional  outcomes at  nine months

between the two groups. Kesary et al. recently reported the clinical benefit of botulinum toxin injections when

combined  with  physiotherapy  for  iPFP.[63] This  therapeutic  option  has  yet  to  be  evaluated.  Intra-articular

hyaluronic acid has been assessed in a randomized study that found no clinical benefit.[64]Finally, comparative

studies have evaluated a number of other treatments but found no clinical benefit: manipulation of the lumbar

spine or legs, electrostimulation, ultrasound, blood flow restriction and acupuncture.

6. Summary 

Patient education is an essential part of the management of iPFP. The priorities are activity modification and

improved load management in order to reduce symptoms. A short course of non-steroidal anti-inflammatory

drugs may be prescribed at this stage, especially if there is significant effusion or AMI. Physiotherapy should then

begin, focusing on exercises to strengthen the quadriceps and gluteal muscles. The exercise programme should

then  be  customized  based  on  the  patient’s  level  of  symptoms  (during,  immediately  after  and  the  next  day),

exercise and sporting activities.  In the most  severe cases or special  situations (elite  athletes),  admission to a

rehabilitation unit may be an option. In all cases, patients must be shown exercises that they can do themselves.

Taping or orthopaedic insoles may be combined in the short-term with physiotherapy. For treatment-resistant

forms or in case of hospitalisation, we have used retraining therapy.
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Idiopathic patellofemoral pain is a common condition, and it is important to understand the various mechanisms

involved and their consequences in order to educate patients and provide suitable care. We present an algorithm

for summarising the pathogenesis and treatment of this disorder. Treatment is multimodal and multidisciplinary.

It is essential for the patient to be involved in their own treatment regime to effect deep functional change and

prevent a recurrence of the iPFP upon resumption of activities (Fig. 1).

Figure 1: Algorithm for the pathogenesis and treatment of idiopathic patellofemoral syndrome.

CONCLUSION
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