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Abstract: Anterior knee pain represents one of the most common athletic knee conditions and arguably also one of the
most complex. The patellofemoral joint is at the center of several forces, and alterations in any of these force vectors due to
muscular imbalance, soft-tissue tightness or laxity, and altered functional movement patterns can all combine to create a
painful anterior knee. While typically anterior knee pain is not a surgical entity, the orthopaedic surgeon with an understanding of these biomechanical intricacies is best positioned to provide comprehensive evidence-based care for the
patient with anterior knee pain. Level of Evidence: V, expert opinion.

A

nterior knee pain (AKP) is one of the most common sport-related knee conditions.1,2 While often
referred to as patellofemoral pain, the true pathophysiologic origin of AKP is not always rooted in abnormalities of the patella or femoral trochlea but can be
due to strain experienced by any of the surrounding
innervated structures, such as the infrapatellar fat pad,
medial and lateral retinaculum, or synovium.3-5 The
dominant theory explaining the genesis of AKP focuses
on the issue of excessive joint loading and elevated
patellofemoral joint stress (PFJS) resulting in increased
strain to these innervated structures in the anterior
knee.4-7 In addition, aberrations in both peripheral and
central pain-processing mechanisms can be seen in
patients with AKP, with generalized hyperalgesia and
pain catastrophization seen in some with AKP.5,8-11
While classically described as a self-limited condition,
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AKP can become a devastatingly persistent and recurrent chronic problem.12-15 Relatively few patients with
AKP ultimately require surgery, with multimodal
nonoperative treatment including physical therapy
remaining the mainstay of treatment for a vast majority. As such, familiarity of practitioners with appropriate
evidence-based rehabilitation plans is paramount to
successful treatment of patients experiencing AKP. In
this manuscript, we aim to summarize the key variables
worthy of consideration in the treatment of patients
with a primary complaint of AKP (Fig 1).

Biomechanical Considerations in AKP
Biomechanical risk factors for AKP include those
which are either anatomic, due to structural malalignment, or functional, due to altered lower extremity
kinematics. Anatomic risk factors including trochlear
dysplasia, patella alta, genu valgum, a lateralized tibial
tubercle, increased femoral anteversion or external
tibial torsion, and an overpronated foot posture can all
play a contributing role in AKP but will not be the focus
of this manuscript. Functional risk factors for AKP arise
due to abnormal movement patterns and require the
attention of a skilled physical therapist to restore more
balanced joint loading in an effort to improve pain and
function. These functional risk factors include altered
lower-extremity joint kinematics, decreased muscle
strength, increased musculotendinous tightness, and
altered neuromuscular recruitment.5,16 In particular,
improper hip and knee frontal plane dynamic alignment have been reported as contributors to AKP.17-19
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with a sensitivity of 0.75 and speciﬁcity of 0.85 and
appeared to represent a manifestation of altered motions at the hip. In addition, individuals with AKP more
often exhibit an ipsilateral trunk lean during singlelegged squat and jump landing tasks, which shifts the
center of mass toward the stance limb and increases
potential for dynamic valgus.21,24 Sufﬁce it to say that
proximal hip and trunk strength play a large role in
dynamic valgus and AKP and should thus be objectively
assessed and targeted by clinicians caring for patients
with AKP. Indeed, current evidence supports a combination of hip- and knee-strengthening exercises rather
than knee exercises alone in order to improve pain and
function most effectively in patients with AKP.25-27
Decreased ﬂexibility of the quadriceps, hamstrings,
iliotibial band, gastrocnemius, and soleus have been
implicated as risk factors for AKP due to a theoretical
increase in patellar compression, but ﬁndings are
inconsistent among high-quality studies, so no direct
relationship is currently regarded as consensus.5,16,28
Excessive tightness of any lower-extremity muscular
group identiﬁed by a clinician should certainly be
included as a target in the overall treatment plan.
Overall, a multimodal approach is recommended in
treating patients with AKP.25,29 This should include
patient education, physical therapy targeting hip and
knee musculature, correction of pathomechanics, and
the addition of other modalities based upon individual
needs, including patellar taping, joint mobilizations, or
neuromuscular electrical stimulation.25,29
Fig 1. Key variables worthy of consideration in the treatment
of patients with a primary complaint of anterior knee pain.

PRJFS in Strengthening
Dynamic valgus is a pathologic movement pattern
that presents as a valgus lower-extremity positioning
seen during weighted ﬂexion activities, in particular
those isolating a limb individually such as stair climbing,
running, and jump landing. This movement pattern
results in disproportionate loading of the lateral patellofemoral joint, reducing patellofemoral contact area
thus increasing focal joint stress laterally, while also
creating tightness of lateral soft-tissue structures if
present long-term.4 The kinematic factors found to
impart the greatest inﬂuence on dynamic valgus
include increased hip adduction and increased hip internal rotation affecting frontal and transverse plane
knee motion, respectively.4 Even 5 of excessive
femoral internal rotation has been shown to increase
patella cartilage stress during a squatting task,20 and
increased hip internal rotation21 and dynamic knee
valgus during single-leg squat and jump landing have
been correlated with AKP, particularly in female patients.17,22,23 Holden et al.22 found that knee valgus
displacement measured at 10.6 during a jump landing task predicted AKP in adolescent female patients

The most effective strategy in addressing AKP
through rehabilitation centers around strengthening of
the hip and thigh musculature, as both have been
found to signiﬁcantly reduce pain and improve function
in the short-, medium-, and long-term.30 However, the
clinician must also be mindful that the prescribed exercises do not excessively increase AKP, as this can be a
deterrent to therapy compliance.31 Clinicians should be
attentive to how speciﬁc exercises affect PFJS, as it is
hypothesized that either excessive peak PFJS or cumulative PFJS is a crucial component in the cascade
leading to AKP. Understanding the principle of PFJS is
paramount to preventing its excess, with stress deﬁned
as force per area; either an increase in force or decrease
in contact area yields increased PFJS. Contact area between the patella and trochlea can greatly vary
depending on several modiﬁable and nonmodiﬁable
factors.4 Understanding these changes based on the
activity and lower-extremity biomechanics can help
clinicians prescribe appropriately challenging exercises
that fatigue the targeted muscle while minimizing PFJS
and resultant pain.
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Table 1. Ways to Decrease PFJS During CKC Exercises
Sagittal
Frontal

Hip/Trunk
Forward trunk lean
Hip neutral (no lateral trunk lean)

Transverse

Hip neutral (no trunk rotation)

Knee
Minimize anterior translation of knee
Knee in line with middle of foot (avoid
dynamic valgus)
Knee in line with middle of foot (avoid
femoral internal rotation)

Ankle/Foot
Weight through heel
Neutral arch
ER of foot to compensate for excessive
femoral anteversion/internal tibial
torsion.
IR of foot to compensate for excessive
femoral retroversion/external tibial
torsion

CKC, closed kinetic chain; ER, external rotation; IR, Internal rotation; PFJS, patellofemoral joint stress.

Open Kinetic Chain (OKC) Versus Closed
Kinetic Chain (CKC)
Powers et al.32 found that when strengthening the
quadriceps in the OKC using an ankle weight or knee
extension machine with a variable moment arm, the
patellofemoral joint experiences relatively lower PFJS
from 90 to 45 of knee ﬂexion, and higher PFJS from
45 to 0 of knee extension. This is due to both the
increasing moment arm and decreasing patellofemoral
joint contact area as the knee extends. When using a
knee extension machine with a ﬁxed moment arm,
PFJS is consistently greater throughout the entire 90 to
0 range of motion.32 In the closed kinetic chain (CKC),
PFJS is relatively lower from 0 to 45 of knee ﬂexion,
increases from 45 to 90 , then levels off from 90 and
onward.32 These factors must be considered when
constructing a rehabilitative plan for patients with AKP
who may be particularly sensitive to an increase in PFJS
with certain exercises. In such a scenario, it is our
general recommendation to use short-arc CKC (0 -45 )
and OKC (90 -45 ) exercises in the early range of knee
ﬂexion for patients actively complaining of AKP in
which load reduction is desired.

exercises. Escamilla et al.34 found that compared with
wall squats, ascending from a single-leg squat creates
less PFJS from 90 to 60 . They surmised that this is due
to the lack of hip motion during wall squats, transitioning much of the force to the knee. In addition,
lunging with a shortened stride, which results in anterior knee excursion beyond the toes, increases PFJS
signiﬁcantly more than a long stride lunge which keeps
the tibia more vertical at the bottom of the motion.36
The clinician should therefore assess patients performing squats and single limb exercises from a lateral view
to appreciate whether these tendencies exist in a
symptomatic knee. If present, clinicians should provide
appropriate feedback and assess whether symptoms
reduce with the altered movement pattern. Clinicians

Lower-Extremity Mechanics in the Cardinal
Planes
Clinicians should be aware of how differing lowerextremity biomechanics in each of the cardinal planes
will alter PFJS, as it is important to be able to identify
and correct alterations in form that may be contributing
to a patient’s AKP. Table 1 summarizes strategies that
clinicians can use to reduce PFJS by modifying hip,
knee, and ankle or foot mechanics. It is important to
remember that while minimizing PFJS should be a focal
point of rehabilitation when AKP levels are high, as
pain decreases, clinicians may want to consciously
begin increasing PFJS to help improve the patient’s load
tolerance.
In the sagittal plane, forward trunk lean, anterior
knee excursion, and ankle dorsiﬂexion mobility can all
impact PFJS.28,33-35 PFJS can be reduced by increasing
forward trunk lean during CKC knee-strengthening

Fig 2. External cue to increase trunk ﬂexion.
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Fig 3. External cue to decrease excessive anterior knee
excursion.

Fig 4. Exercise band for those with excessive genu valgum
and/or femoral internal rotation.

should consider using external feedback, such as a
mirror, video analysis, or a physical object to help
provide feedback, versus internal feedback (e.g., “ﬂex
your trunk more”), as this has been shown to enhance
motor performance.37 A simple external cue to increase
trunk ﬂexion would be to place a plyometric box
behind the patient for them to sit their hips back toward
(Fig 2). To limit excessive anterior knee excursion, clinicians can use a foam roller or dowel to physically
block the knee from going beyond the toes (Fig 3).
In the transverse plane, tibiofemoral rotation angle
has a signiﬁcant effect on PFJ contact area and thus
PFJS in those with AKP.21,38 During closed-chain exercises and weight-bearing activities, the tibia is relatively ﬁxed while the femur is free to rotate. Patients
with AKP commonly demonstrate increased femoral
internal rotation during single-leg squat exercises, with
studies showing nearly twice the amount of rotation as
seen in controls without AKP.39,40 Accordingly, teaching patients with AKP control in minimizing femoral
internal rotation during jump-landing and closed chain
squatting exercises can prove a particularly useful
biomechanical adjustment with the potential to impart
signiﬁcant reduction in PFJS and resultant anterior
knee pain.
In the frontal plane, ipsilateral trunk lean as well as
varus or valgus positioning of the knee alter PFJS.21,23
In particular, increased knee adduction, resulting in

genu valgum, loads the lateral PFJ, while the excessive
knee abduction in genu varum loads the medial
PFJ.41,42 Ipsilateral lateral trunk lean and knee adduction can both be related to weakness of hip musculature, particularly the gluteus medius, thus warranting
guided proximal muscular strengthening if this movement pattern is seen. To properly assess both transverse
and frontal plane kinematics, clinicians should observe
squats and single-limb exercises from an anterior view.
Improved knee positioning in the frontal and transverse
plane can be achieved by using an exercise band looped
around both thighs for those with excessive genu valgum and/or femoral internal rotation (Fig 4). To aid in
trunk positioning, the patient can hold a dowel in the
contralateral arm and/or use mirror feedback to maintain a more erect posture and avoid lateral trunk lean
(Fig 5).

Recommendations Regarding
Strengthening and Periodization
The goal of rehabilitation in AKP is to strengthen the
quadriceps and hips without excessively increasing
AKP. The ﬁrst step for the clinician is to objectively
determine which muscle groups would primarily
beneﬁt from strengthening. It is recommended that the
clinician assess strength using isokinetic machine or
handheld dynamometer, testing the quadriceps,
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Fig 5. Dowel on contralateral side to decrease excessive
ipsilateral and forward trunk lean.

hamstrings, and hip muscles bilaterally, looking for
side-to-side differences. This will help guide early prescription of exercises, since preferential treatment
should be given to the relatively weakest muscles. In
patients who have relative quadriceps weakness, exercise prescription should start in the following manner:
OKC knee extension can be initiated with a variable
moment arm from 90 to 45 and in the CKC from 0 to
45 , or in positions with relatively minimal PFJS, such
as straight leg raises. For those with relative hip
weakness, rehabilitation should focus speciﬁcally on hip
strengthening in the earlier stages. As symptoms and
strength improve, the clinician can then progress patients into further ranges of motion that increase PFJS,
guided by patient pain levels both during and after
completion of the exercises.
Consideration must also be given to the dose of
strengthening exercises in terms of repetitions, sets, and
frequency. Initially, it is recommended the clinician
start with greater repetitions; this is done for 3 reasons.
First, some patients have intolerance to high absolute
PFJS, and therefore by starting with lighter loads and
greater repetitions, the absolute PFJS can be mitigated
while still inducing muscle fatigue and subsequent
strength gains. Second, Dinyer et al.43 have shown that
perhaps fatigue itself, and not fatigue in a certain
repetition window, is the largest driver of strength gains
in untrained individuals. Finally, it is common in

e203

Fig 6. Medial McConnell taping, with tape applied pulling
from lateral to medial, to reduce symptoms attributed to
lateral patellofemoral overload by more evenly distributing
forces across the patellofemoral joint.

strength training to start with lighter loads and greater
repetitions, as it is safer for novices who are learning
correct mechanics to minimize risk of additional injury.
At the onset of rehabilitation, patients should be
encouraged to perform exercises that fatigue at 10þ
repetitions. To ensure proper difﬁculty, the clinician
should consider monitoring the patients’ reported repetitions in reserve and/or rate of perceived exertion
after each set, then alter the exercise appropriately. The
number of sets prescribed should be determined based
on the overload principle of strengthening, as well as
the patient’s current activity level. The overload principle is the fundamental theory of training in which
exercise at an intensity above that normally attained
will induce highly speciﬁc adaptations, enabling the
body to function more efﬁciently.
Frequency of exercise performance should also be a
consideration. For exercises that put relatively little
stress on the PFJ and are done at higher repetition
schemes, the clinician can consider prescribing daily, or
even multiple times per day. As exercise intensity increases, the clinician should consider scaling back the
frequency of exercise to model more typical strengthening programs, such as 2-3 times per week.44 Finally,
patients and clinicians should collaboratively agree on
acceptable pain levels during and after exercise
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performance, understanding that hurt does not necessarily equal harm, and some levels of pain are acceptable. With all variables, a collaborative decision
between the rehabilitation specialist and the patient
should be made based on patient feedback, symptoms,
and the overload principle.

Modality Use in AKP Rehabilitation
Exercise-based interventions are the backbone of
evidence-based treatment for AKP, but there can be
indications for use of additional modalities. Adjunct
modalities such as patellofemoral taping, blood ﬂow
restriction (BFR) therapy, neuromuscular electrical
stimulation, and manual therapy can serve to make
exercise more comfortable, improve biomechanics and
increase patient buy-in to physical therapy.
The evidence regarding efﬁcacy of patellofemoral
taping is inconclusive, however with appropriate indications, it can be helpful to clinicians in several
ways.45-47 Patellofemoral taping can make exercisebased treatments more comfortable, increase patient
buy-in, and serve as a diagnostic and prognostic tool
when surgery is under consideration. Patellofemoral
taping is most effectively used by assessing a functional
task pre- and post-taping that correlates with the patient’s symptoms (i.e., stair climbing); if pain is alleviated after the application of tape, then taping may be
warranted in the short term to help the patient complete functional activities and exercises that may
otherwise be painful. In particular, medial tilt and
medial glide McConnell taping (Fig 6) can help to
alleviate pain when the underlying cause is lateral
patellofemoral overload. This technique applies a
medial force vector on the patella, resulting in a more
even distribution of joint forces over a larger contact
area.47,48 Improved pain and function with use of
medial tilt or medial glide McConnell taping can be seen
as a positive prognostic indicator for surgeons when
considering a lateral unloading procedure (lateral retinacular lengthening or release, anteromedializing tibial
tubercle osteotomy) for treatment of lateral patellofemoral overload. Lack of response to medial taping
techniques may implicate lesser functional improvements post-operatively, and warrant consideration of
other pain sources before undertaking a lateral
unloading procedure.
BFR can be a very helpful tool in the treatment of
anterior knee pain. Several studies have highlighted the
importance of quadriceps strengthening to reduce pain
and improve function in patients with AKP; however,
quadriceps strengthening exercises also can exacerbate
knee symptoms if they exceed joint load tolerance capacities.49,50 This creates a signiﬁcant challenge to clinicians when it comes to determining appropriate loads
to increase muscle function without provoking symptoms. BFR can help with this challenge both promoting

muscle hypertrophy at lower loads and producing a
short-term reduction in pain. Evidence suggests that
low loads (20%-30% 1RM) with BFR can induce
beneﬁts in regards to knee pain, functional capacities,
quadriceps strength, and thickness in patients with
knee conditions in comparison with a low-load training
program.51 BFR is also an effective treatment option for
patients who are struggling to tolerate advancements in
CKC activities. Compared with standard quadriceps
strengthening, low load with BFR produced greater
reduction in pain with daily living at 8 weeks in people
with AKP.51 In addition, BFR may provide a short-term
hypoalgesic effect, as Korakakis et al.52 found that lowlevel resistance training with BFR signiﬁcantly reduced
pain in functional activities immediately postintervention for at least 45 minutes. Starting a physical
therapy session with a well-tolerated exercise and BFR
can be used to mitigate symptoms with more advanced
exercises immediately following.
While manual therapy alone has not been supported
by research, when used in conjunction with exercise, it
may be helpful for relief of AKP in the short term.53
Manual therapy such as joint mobilizations can be
beneﬁcial especially in cases where mobility deﬁcits
(i.e., quadriceps, ankle dorsiﬂexion) or excessive lateral
pressure are contributors however should not
compromise time spent on more evidence-supported
exercise interventions.
Insufﬁcient evidence exists in the support of global
use of neuromuscular electrical stimulation (NMES) in
patients with AKP; however, if the patient presents
with poor quadriceps activation and/or strength, NMES
can help to address these deﬁcits. With a healthy
quadriceps set, the patella should translate approximately 10 mm superiorly, but with poor quadriceps
activation, deﬁcient superior glide of the patella is seen
resulting in increased joint compression.54 A 2010
systematic review on NMES on quadriceps strength in
individuals after anterior cruciate ligament reconstruction found that NMES combined with exercise is more
effective than exercise alone at improving quadriceps
muscle strength.55
Return to Sport
For AKP, the return to sport phase of rehabilitation
and the associated decision-making closely resembles
that of other knee injuries and surgeries. This phase
should involve functional testing, progressive sportspeciﬁc drills, and graduated practice participation.
Hop testing, dynamometry or isokinetic testing, functional strength tests such as single-leg squats and singleleg bridges should be used to determine quantitative
limb symmetry. Achieving limb symmetry is imperative
in the AKP population; however, clinicians often do not
hold this population to the same standards as postsurgical patients. When the athlete is currently
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participating in their sport, as opposed to being cleared
to participate postoperatively, the decision-making
regarding return to sport can be convoluted by an
athlete’s desire or motivation to continue participating
in their sport, regardless of current symptoms or risk of
future injury. Patient education regarding their strength
deﬁcits and its impact on quality of movement and
associated injury risk is important. Assessing the quality
of movement throughout the functional test is equally
as important as the quantitative results. Video analysis
is especially helpful in identifying faults and illustrating
them to patients. While frontal and transverse plane
faults are certainly common in this population, the
importance of assessing for sagittal plane movement
faults is critical as this will often reveal quadricepsavoidant movement patterns, which are particularly
impactful in the deceleration activities of cutting and
jumping sports. The sagittal plane view of landings on
single-leg hop tests commonly expose compensatory
patterns including lower knee ﬂexion angles at landing,
excessive anterior and ipsilateral trunk lean, and less
ankle power absorption.56 Anterior knee pain is
commonly seen bilaterally which can make limb symmetry numbers less reliable. In these cases, normative
data can be helpful in clinical decision making.
Normative data exist for hop testing and isokinetic
testing; however, this is an area in which further
research with speciﬁc populations would be helpful.
While assessing limb symmetry and biomechanical
faults are important in determining readiness for to return to sport, the management of training loads and
athlete capacity often play a larger role in a successful
return by athletes with patellofemoral pain.57 Dye58
proposed a tissue homeostasis model for the patellofemoral joint, suggesting that the patellofemoral joint requires loads to be applied in correspondence to the
maximum capacity the body can tolerate and recover
from. Training in excess of the load threshold in either
intensity or frequency disrupts tissue homeostasis
resulting in AKP symptoms. Patient education about load
management and activity modiﬁcation is therefore
crucial when beginning the return to sport phase. Athletes should engage in progressive practice participation
before competition. Rathleff et al.59 demonstrated efﬁcacy of activity modiﬁcations according to symptoms and
associated return to sport guidance in active adolescents
with AKP. Participants were instructed to gradually increase activities only if pain levels did not exceed 2 of 10
in severity. Immediately after their 12-week intervention, 86% of participants reported a successful treatment
outcome, and success rates remained high at 6 months
(77%) and 12 months (81%).59

Conclusions
Anterior knee pain is a condition that is certain to be
encountered by any sports medicine clinician and that

can prove frustrating to the patient and clinician alike
due to the complexities involved in addressing contributors to pain. Proper evaluation and management of
the many factors at play including altered biomechanics, muscular weakness, soft-tissue tightness, and
neuromuscular activation patterns is crucial in
providing appropriate treatment to patients suffering
from AKP. Familiarity with methods of reducing joint
loads in early rehabilitation can be helpful in sustaining
patient buy-in by reducing their pain throughout the
therapeutic exercises necessary for long-term pain
relief.
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