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A Review Paper

Clinical Rehabilitation of Anterior Knee Pain:  
Current Concepts
Laurie A. Hiemstra, MD, PhD, FRCS(C), Sarah Kerslake, MSc, BPhty, and Elizabeth A. Arendt, MD, FRCS

Anterior knee pain (AKP) is a common pre-
sentation. Although the exact etiology and 
nature of AKP continue to be poorly under-

stood, overuse principles can be useful in directing 
treatment. In overuse injury, repetitive submaximal 
or subclinical trauma results in macroscopic trau-
ma, microscopic trauma, or both. The structural tis-
sue unit is damaged or its clinical responsiveness 
is exceeded, which can lead to pain or movement 
dysfunction. Overuse injuries commonly have an 
endogenous source, mechanical circumstances in 
which the musculoskeletal tissue is subjected to 
more tensile force or stress than the tissue can tol-
erate. The approach to treatment and rehabilitation 
of AKP is best facilitated with a thorough under-
standing of the concept of tissue homeostasis and 
the “envelope of function.”

Although the cause of AKP is multifactorial, the 
contributions of muscle strength deficits, dimin-
ished neuromuscular control, and altered muscle 
firing patterns to the development and severity of 
AKP are well established.1-5 The hallmark of nonop-
erative management of AKP is physiotherapy that 
re-establishes strength, neuromuscular control, 
muscle activation, and optimal biomechanics 
during daily activities, advancing to graded levels of 
sporting activities.

The purpose of this paper is to discuss the 
factors associated with the diminished neuromus-
cular control observed in AKP and to review appro-
priate rehabilitation concepts for patients with AKP. 
Practical tools are provided to aid the surgeon to 
identify neuromuscular deficits in the clinic setting, 
along with assessing the adequacy of prior therapy 
and the need for further rehabilitation. 

Common Neuromuscular Deficits in AKP
Weakness of the knee extensor muscles has long 
been implicated as the main issue in AKP, and 
therefore the focus of rehabilitation has been on 
muscle strengthening, especially of the vastus 
medialis obliquus. Research has found that knee 
extensor weakness is not only a characteristic of 
patients with AKP but a risk factor for developing 
AKP.4 Restoration of knee extensor strength and 
function is essential for recovery.6 Another issue 
in AKP may be incorrect firing of the knee exten-
sor muscles. Altered vastus medialis obliquus 
response time and a motor control deficit of the 
quadriceps musculature have been demonstrat-
ed.7,8 Restoration of knee extensor strength, 
though important, is too often the sole focus of 
some rehabilitation programs.

Hip muscle weakness has also been implicated 
as an important component of AKP.9-12 Impaired 
gluteal muscle function can lead to increased 
hip joint adduction and internal rotation during 
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activities such as stair climbing, squatting, and 
sports.9,10,13 In a systematic review, Meira and Bru-
mitt12 concluded that hip strength and position are 
linked to AKP and that patients with AKP present 
with a common deficit once symptomatic. The 
dysfunction in neuromuscular control in AKP may 
also stem from disordered firing sequences in 
the muscles. A systematic review of hip electro-
myographic studies found moderate to strong 
evidence that gluteus medius muscle activity is 
delayed and of shorter duration during stair as-
cent and descent in patients with AKP.11 The study 
also found some evidence that this activity is de-
layed and of shorter duration during running and 
that gluteus maximus muscle activity is increased 
during stair descent. The authors recommended 
that interventions focused on correcting these 
deficits—such as hip strengthening, biofeedback, 
and gait retraining—should be included in AKP 
treatment and research.

In recent AKP research, the core, including hip 
and abdominal muscles, demonstrated decreased 
strength and altered recruitment patterns during 
functional movement.14,15 The authors recommend-
ed including core strengthening and core stability 
exercises in AKP management. In combination, 
these knee extensor, hip, and core strength defi-
cits in patients with AKP lead to altered movement 
patterns during functional activities and may in 
turn exacerbate symptoms. Addressing both the 
strength deficits and the recruitment patterns 
of these core and lower extremity muscles is 
essential for optimizing rehabilitation and limiting 
recurrence of AKP symptoms.

Stretching to improve muscle tendon length is 
another component of AKP treatment. Reduced 
quadriceps muscle length has been implicated as a 
cause of AKP and is a common finding in symp-
tomatic patients.16 In addition, a recent randomized 
controlled trial found decreased hip flexibility in pa-
tients with AKP.17 It is important to assess the flex-
ibility of the gastrocnemius, soleus, quadriceps, 
and hamstrings muscles and the iliotibial band, as 
well as the hip flexors, extensors, and rotators, so 
that rehabilitation can be designed to address any 
specific deficits in range of motion (ROM).16-23 In 
patients with AKP, it is also important to address 
muscle tendon length deficits and strengthening 
simultaneously to avoid exceeding the available en-
velope of function. Gaining full ROM at joints can 
facilitate increasing strength gains24 and potentially 
improve the synergy of muscle contractions during 
functional activities.

Appropriate Rehabilitation in AKP
Appropriate rehabilitation addresses all identified 
strength and flexibility deficits in order to improve 
functional biomechanics and normalize altered 
body movement patterns during daily activities 
(eg, walking, squatting, stair climbing). Often, if 
part of the kinetic chain is weak or injured, the 
body engages in an activity by “working around” 
the injured body part. This change often results 
in faulty body mechanics or altered movement 
patterns. In AKP, these modified biomechanics 
can result in pain centered on the patella and 
associated soft-tissue structures. In developing 
ways to compensate for strength and ROM 
deficits, patients with AKP exacerbate their 
symptoms. In long-standing AKP, these 
compensatory strategies are most 
often unintentional and ingrained.

The main role of physical ther-
apists is to identify any faulty 
movement patterns, dissect the 
underlying neuromuscular caus-
es of these deficits, and build an 
individualized rehabilitation pro-
gram. Physical therapy should be 
customized to the patient’s level of 
strength and fitness and whenever 
possible should be made challenging 
(and fun!) for the patient. The exercis-
es should be increased in intensity and 
duration as the patient improves strength, 
endurance, and control in the activities. The 
patient’s response to each intervention will help 
guide exercise progression and define the need for 
further treatments.

Take-Home Points
◾◾ Ensure that relative rest and activity modification allow the knee 
to stay within the available “envelope of function” of the joint. 

◾◾ Careful physical examination is imperative to assess strength, 
flexibility, and altered movement patterns, which in many cases 
are all part of the etiology of AKP.

◾◾ Patience and perseverance are paramount. Patients need to 
clearly understand the goals of rehabilitation as well as the con-
cepts related to “envelope of function” so they can continue to 
keep themselves within this envelope. This education is crucial 
to their success.

◾◾ Only once a patient has been brought into the pain-free func-
tional envelope can rehabilitation be redirected to expanding the 
envelope toward the patient’s particular goals.

◾◾ Quantity does not equal quality. To create an appropriate care 
plan, the physician must assess the adequacy of the patient’s 
rehabilitation thus far—ask specific questions about the types 
of exercises the patient is doing in physical therapy and quickly 
assess strength with a few simple in-office tests.
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Patients should be assessed for overuse pat-
terns. Overuse can occur with repetitive exercise 
activity, such as running, or with repetitive work 
activity that involves lifting, squatting, or stair 
climbing. It is important to modify or reduce such 
activity to ensure that a patient with AKP remains 
within an envelope of pain-free function. Once 
the patient is functioning in this envelope, rehabil-

itation can be redirected to expand it, 
while improving strength, coordination, 
balance, and overall dynamic control of 
the core and lower limbs.

The purpose of any rehabilitation 
program is to build strength through the 
entire kinetic chain, focusing on hip and 
core strength initially, and then adding 
concentric and eccentric lower limb 
strength. Having a strong base from 
which to initiate lower limb movements 
makes correct lower limb form more 
likely to follow. Corrected muscle firing 
patterns allow for appropriate sequenc-
ing of the muscle activation needed for 
proper movements. Corrected muscle 
tendon lengths allow for optimal firing of 
the muscles controlling the lower limb, 
and for the flexibility needed for every-
day ROM and biomechanics. Patients 
with AKP require re-education of move-
ments that occur during daily functional 
activities, including gait. Once correct 
movement patterns are established in 
daily activities, it is important to address 
sporting or work-related activities. This 
is one important reason to ensure that 
physiotherapy visits are distributed over 
time and that patient-centered goals are 
addressed during each visit. In addition, 
during therapy, it is essential to reexam-
ine body movement patterns to identify 
any relapse to prior dysfunction as the in-
tensity or frequency of activity increases.

In AKP management, the dosage 
and duration of exercise prescriptions 
are challenging, and patience and 
perseverance are paramount. The initial 
goal of therapy is to increase strength 
and ROM to enable practice of correct 
motion in daily activities (eg, stair climb-
ing, sitting, and walking). The physical 
therapist’s challenge is to teach correct 
motion within the envelope of function, 
as described by Dye.25 Pain is not gain, 

and all exercises must be performed without pain 
to avoid flaring symptoms. The patient and the 
therapist must collaborate to complete a pain free 
rehabilitation program, and must operate within 
that zone. Providing prescriptions with specific 
goals may be helpful. Example goals are, “Increase 
core and lower extremity strength to achieve 
squatting without medial collapse of knee,” “Hip 

Figure 1. Example of clinical neuromuscular tests used to assess control and strength deficits in 
patients presenting with anterior knee pain. Physician assesses bilaterally to compare limbs and 
monitor for any aggravation of symptoms.
Modified with permission from Clin Sports Med.26

Basic Strength 
and Muscle 

Length Assessment Example Observations

Knee extensor 
strength

Assess in sitting 
with resistance 
at ankle and pal-
pation of muscle 
tone. Can also 
be assessed as 
resisted straight 
leg-raise in supine. 

Monitor for lateral 
deviation of thigh, 
hip flexion and/or  
trunk rotation 
due to muscle 
weakness or 
altered activation 
patterns. 

Hip abductor 
strength 

Assess in side- 
lying with pelvis 
stabilized in mid-
line and resistance 
above knee. 

Monitor for hip 
and/or trunk flex-
ion due to weak-
ness or altered 
muscle activation 
patterns. 

Hip external  
rotation strength 

Assess in supine 
with both the hip 
and knee flexed to 
90°. Resist rota-
tion at knee and 
ankle. 

Monitor for hip 
flexion and/or 
poor through-
range strength.

Quadriceps  
muscle flexibility 

Assess in prone 
with pelvis stabi-
lized while exam-
iner flexes knee. 

Compare heel to 
buttock distance. 
Monitor for hip 
flexion, hip or 
thigh rotation to 
attain length. 
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and core strengthening and endurance,” “Equal 
quadriceps strength and girth,” and “Functional 
movement retraining.”

Assessing Adequacy of Rehabilitation in AKP
When a patient presents with a diagnosis of AKP, 
it can be difficult to establish whether a prior reha-
bilitation program was appropriate. The fact that a 
patient attended physiotherapy says nothing about 
the quality of the therapy provided. Neither does 
the number of sessions attended. To assess the 
quality of the rehabilitation and determine if there 
are any major deficits in neuromuscular function, 
the physician can perform a simple battery of 
screening tests (Figure 1).26 These tests may reveal 

gross strength deficits that equate to significant 
functional deficits. Alternatively, core and gluteal 
strength can be assessed by having the patient 
perform a pelvic bridge, as another test that is ap-
propriate and easy in the physician clinical setting.

More advanced tests can be used to better 
understand the neuromuscular function of the 
patient with AKP and tease out specific deficits. 
Figure 226 describes some of these tests and the 
typical compensatory motions seen in patients 
with altered movement patterns. For example, ob-
serving a single- or double-leg squat in the frontal 
and sagittal planes can be useful in assessing the 
quality of prior rehabilitation and determining the 
need for further physical therapy. Observing for dy-

Neuromuscular 
Strength and  
Control Tests Assessment

Correct Neuromuscular 
Control

Poor
Neuromuscular Control Observations

Single-leg squat Instruct patient to stand 
on one leg and lower to 
squat. Tests for core, 
gluteal, and quadriceps 
strength and control.

Compare depth and 
control of squat, 
quadriceps inhibition, 
dynamic valgus, and/or 
side flexion of trunk. 

Hop down Instruct patient to stand 
on one leg and then hop 
off step to land 4-6 inches 
in front of step. Tests 
dynamic core, gluteal, 
and quadriceps strength 
and balance.

 Monitor for evidence 
of dynamic valgus, 
hip drop or rotation, or 
lateral flexion of trunk 
due to poor gluteal 
and/or core strength.

Balance On a BOSU ball or 
foam block, instruct the 
patient to balance on 
one leg for 30 seconds. 
Compare balance dura-
tion and quality.

Monitor for dynamic 
valgus, hip drop or 
rotation, and/or lateral 
trunk flexion sec-
ondary to decreased 
strength and control.

Hip extension With the patient lying 
prone instruct them to 
lift leg 2-4 inches off 
bed. Examiner palpates 
gluteal and hamstring 
muscle activation. 
Ideally, the gluteals 
should fire first to  
stabilize the pelvis.

Monitor for excessive 
motion, altered timing 
of hamstring and glu-
teal muscle firing, and/
or lumbar lordosis, hip 
or trunk rotation.

Figure 2. Example of neuromuscular tests used to assess functional deficits in patients presenting with anterior knee pain. Physician assesses bilaterally 
to compare limbs and monitor for any aggravation of symptoms. Physician examines in both frontal and sagittal planes. Additional tests may include 
single-leg hop for distance and vertical jump.
Modified with permission from Clin Sports Med.26
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namic alignment provides a snapshot of the forces 
that the knee may be subjected to, with increased 
force and repetition, while participating in daily 
activities and sport. In the frontal plane, function-
al valgus with dynamic activities (eg, single- and 
double-leg squats) may result from weakness in 
the core and hip musculature. In the sagittal plane, 
increased anterior translation of the knee over 
the foot can indicate poor squat mechanics, lack 
of gluteal activation, or poor eccentric quadriceps 
control. Gripping with the toes and increased ankle 
dorsiflexion are often a sign of anterior muscle 
recruitment and therefore increased load through 
the anterior compartment of the knee. Lack of ap-
propriate body movement patterns is often evident 
to both the physician and patient, and this feedback 
can provide the patient with incentive for further 
(more directed) rehabilitation.
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