
ABSTRACT 
Background and Purpose: Evidenced-

based practice is grounded upon the integra-
tion of current literature and clinical practice. 
Patellofemoral pain syndrome (PFPS) is a 
common condition with a reported inci-
dence of 20% to 40% of all knee cases in 
sports medicine clinics. The purpose of this 
case report is to demonstrate how a litera-
ture review can enhance clinical reasoning 
during the management of the 17-year-old 
patient/client with PFPS. Methods: A lit-
erature search in Medline & CINAHL was 
conducted reviewing abstracts focusing on 
movement assessments to identify dysfunc-
tional movement patterns and individuals 
at risk for injuries; and movement assess-
ment assisting in development of progno-
sis and plan of care. Findings: The review 
of literature revealed 15 articles that were 
deemed appropriate. Clinical Relevance: 
PFPS is a common musculoskeletal condi-
tion facing today’s clinician. The challenges 
for clinicians within the current health care 
environment stem from the fact PFPS is a 
multifactorial issue with no definitive diag-
nostic criteria, and limited clinical utility of 
impairment based clinical tests have provided 
minimal information that can assist the cli-
nician in managing patients with this con-
dition. Movement assessments are potential 
alternatives from isolated impairment-based 
tests that can enhance clinical reasoning by 
capturing regional interdependence implica-
tions. Conclusion: Applying evidence-based 
principles to specific cases can enhance clini-
cal reasoning within clinical practice.

Key Words: anterior knee pain, movement 
assessment, physical therapy

 
INTRODUCTION

Patellofemoral pain syndrome (PFPS) 
is one of the most common overuse inju-
ries that affects active individuals, and is 
most prevalent in female and youth athlet-
ics.1-3 It accounts for 25% to 40% of all knee 
problems in sports medicine clinics, yet no 

reference standard has been developed for 
diagnosing PFPS.4 Special clinical tests aimed 
at assessing patellar mobility and palpations 
have demonstrated poor diagnostic accuracy 
in identifying the condition.1,5 Given that 
impairment based clinical tests are unable to 
diagnosis PFPS, the purpose of this inquiry is 
to assess the benefit of incorporating move-
ment assessment procedures into the physical 
therapy examination for PFPS. 

Movement assessment may be a beneficial 
evaluation approach as PFPS has been found 
to be a multifactorial issue with numerous 
identifiable risk factors and regional inter-
dependence implications.6 Regional interde-
pendence states that unrelated impairments 
in remote anatomical locations may be asso-
ciated with the patient’s primary complaint.7 

In the case of PFPS, two important areas 
that should be examined are the hip and the 
ankle. 

Powers demonstrated that during closed 
kinetic chain functional activities, in which 
most PFPS symptoms and complaints are 
felt, excessive femoral internal rotation and 
adduction results in dynamic knee valgus.2,3 

Below, at the ankle, limitations in dorsiflex-
ion can result in compensatory subtalar joint 
pronation. Excessive pronation is coupled 
with tibial internal rotation, which can result 
in femoral internal rotation and dynamic 
knee valgus.2-4 This dynamic knee valgus is a 
dysfunctional movement pattern that results 
in decreased patellofemoral joint contact area 
and increased joint pressure.2,3 Evidence sup-
ports that individuals with PFPS demonstrate 
significant decreased hip external rotation 
and abduction strength, decreased gastrocne-
mius flexibility, and increased dynamic knee 
valgus during functional activities.8-14

Impaired proprioception has also been 
associated with PFPS with patients demon-
strating higher trajectory tracking error and 
impaired active joint position reproduc-
tion error compared to healthy controls.15,16 

Most believe this impaired proprioception 
is a result of PFPS or associated with pain. 
However, Bennell et al17 found that experi-

mentally induced anterior knee pain, which 
mimicked PFPS, of moderate to high inten-
sity did not affect joint position sense in 
healthy individuals. This information leads 
to the possibility that impaired propriocep-
tion is not caused by PFPS but impaired pro-
prioception may actually preclude or be a risk 
factor for developing PFPS. 

A review of literature identified two 
widely used movement assessments the Func-
tional Movement Screen (FMS) and Star 
Excursion Balance Test (SEBT)/Y-Balance 
Test (YBT). Both tools are used as pre-par-
ticipation screens to identify individuals at 
risk for injury. The FMS uses 7 tests to assess 
functional movement patterns incorporat-
ing the entire kinetic chain. It is designed 
to identify individuals who have developed 
compensatory movement patterns.18,19 The 
FMS has been shown to identify individu-
als at risk for injury in professional American 
football players, female collegiate athletes, 
and Marine Corps officers.10,21-23 The SEBT 
and YBT are tools used to assess dynamic 
postural control, balance, and functional 
symmetry of the lower extremities. The YBT 
has been shown to be able to identify indi-
viduals with increased risk for sustaining a 
lower extremity injury in high school basket-
ball players and collegiate football players.24,25

Given that dynamic knee valgus is a dys-
functional movement pattern that involves 
the entire kinematic chain and that impaired 
proprioception may be a potential risk 
factor, it could be beneficial to incorporate 
a movement assessment when screening for 
or evaluating patients with PFPS. Movement 
assessments have been shown to be able to 
identify individuals at risk for injury, and 
have the potential to capture proprioception, 
motor control, body awareness, and regional 
interdependence of the lower extremity 
during functional tasks. The purpose of this 
literature review was to determine the ben-
efit of incorporating a movement assessment 
during a physical therapy evaluation of a 
patient with PFPS.
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PATIENT CHARACTERISTICS
A 17-year-old male presented to the 

outpatient physical therapy clinic via direct 
access following an athletic screening for 
bilateral knee pain. Upon initial evaluation, 
the patient’s chief complaint was bilateral 
anterior knee pain, right greater then left. 
Patient reported playing defensive end for 
his high school football team and initially 
experiencing knee pain a few weeks prior 
when squatting during off-season workouts. 
The patient reported he eventually began to 
experience knee pain during running and 
jumping activities, but the worst pain was 
experienced during squatting. He reported 
squatting over 300 lbs multiple times a week 
during the off-season, with pre-season work-
outs and two-a-days starting in 3 weeks. The 
patient reported icing his knees after squat-
ting and not stretching or warm up prior 
to strength training. No imaging was per-
formed. Patient’s past medical and surgical 
history were unremarkable. 

Physical Examination
During the deep squat test, the patient 

was unable to reach parallel, heels rose from 
the floor, demonstrated bilateral valgus col-
lapse, and increased trunk inclination. Deep 
squat with heels placed on a 2-inch box the 
patient reached parallel with decreased bilat-
eral valgus collapse, but demonstrated right 
weight shift and right trunk rotation. Patient 
reported increased pain during both deep 
squats. During the YBT the patient demon-
strated decreased anterior reach distance on 
right lower extremity and bilateral valgus col-
lapse; Y balance was not quantified. 

Significant impairment-based findings 
included anterior pelvic tilt, bilateral posi-
tive Thomas tests, bilateral tight gastrocne-
mius, bilateral talocrural joint hypomobility, 
decreased hip abduction, hip extension and 
knee extension strength, and anterior core 
weakness. Patellar movement during the 
patellar glide test was normal. Lachman’s 
tests, McMurray test, varus and valgus stress 
tests were negative for ligament and menis-
cal damage. Patient’s Lower Extremity Func-
tional Scale (LEFS) score was 50/80. From 
this clinical presentation, it was determined 
the patient was presenting with bilateral 
patellofemoral pain syndrome (PFPS). Initial 
examination findings are listed in Table 1.

Interventions
Interventions emphasized manual ther-

apy and corrective exercise to improve lower 
extremity range of motion, correct movement 
patterns, and build strength in appropriate 

Table 1. Initial Examination Findings

 ROM Right Lower Extremity Left Lower Extremity

Hip ROM (Flexion, ER, IR) WNL WNL
Knee ROM 0-125° 0-125°
Ankle Dorsiflexion (Knee straight) 0° 0°
Ankle Dorsiflexion (Knee bent) 0° 1°
Talocrural Joint Posterior Glide  Hypomobile Hypomobile
    Manual Muscle Test  

Hip Abduction  3-/5 3-/5
Hip Extension 3-/5 3-/5
Hip Flexion 5/5 5/5
Knee Extension  4-/5 4-/5
Knee Flexion  5/5 5/5
      Special Tests  
Thomas Test Positive  Positive
Conventional SLR Positive  Positive
Patellar Glide Test  Normal Movement Normal Movement
Lachman Test  Negative  Negative 
McMurray Stress Test  Negative  Negative 
Varus Stress Test Negative  Negative 
Abbreviations: ROM, range of motion; ER, external rotation; IR, internal rotation, 
WNL, within normal limits, SLR, straight leg raise
Movement Assessment  
Deep Squat  - Requires 2-inch heel lift to reach parallel 
 - Bilateral valgus collapse 
 - Right weight shift & right trunk rotation 
 - Positive for pain 
Y Balance (Anterior Reach)  - Left anterior reach > right anterior reach 
 - Bilateral valgus collapse 
 - Positive for pain bilaterally 

muscle groups. Manual therapy included 
posterior glides to the talocrural joint to 
increase ankle dorsiflexion and Thomas 
stretch to increase hip flexor flexibility. Cor-
rective exercises included kneeling closed 
chain dorsiflexion/soleus stretch, standing 
gastrocnemius muscle stretch, kneeling hip 
flexor stretch, and strengthening exercises 
for hip abduction and extension. Patient also 
performed reactive neuromuscular training 
(RNT) corrective squatting with bands to 
correct the right weight shift and bilateral 
valgus collapse.

 
METHODS
Search Strategy 

A literature search in Medline and 
CINAHL was conducted reviewing abstracts 
focusing on movement assessments identify 
dysfunctional movement patterns and indi-
viduals at risk for injuries; and movement 
assessment assisting in developing prognosis 

and plan of care. Articles deemed appropriate 
then underwent an analysis of full text and 
the most appropriate articles were selected for 
use in this literature review. Search terms used 
to search the literature are listed in Table 2.

The International Classification of Func-
tioning (ICF) model was applied to the case 
in order to assist in prioritizing the most 
meaningful impairments in an attempt to 
enhance the clinical reasoning process and 
presented in Figure 1.

FINDINGS
The review of literature revealed 15 

articles that were deemed appropriate. Four 
articles provided background information 
on FMS, developed by Gray Cook.18,19 The 
FMS composite score has been found to 
have moderate to good interrater (ICC of 
0.74 95% CI: 0.60, 0.83) and intrarater 
(ICC of 0.76 95% CI: 0.63, 0.85) reliability 
and acceptable measurement error.20,21 Four 
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articles assessed the FMS’s ability to identify 
individuals at risk for lower extremity injury 
in professional American football players, 
female collegiate athletes, and Marine Corps 
officers.22-26

A systematic review was found that dis-
cussed the clinical utility and usefulness of 
the SEBT/YBT. The review found that the 
SEBT/YBT is a reliable and valid measure 
of dynamic postural control, which is sensi-
tive enough to detect individuals at risk for 
lower extremity injury.28 Two articles assessed 
the ability of the YBT to identify individu-
als at risk for lower extremity injury, in high 
school basketball players and collegiate 
football players.27,28 The SEBT has specifi-
cally been assessed in patients with chronic 
ankle instability, anterior cruciate ligament 
reconstruction, and PFPS.28 Aminaka et al29 

found that patients with PFPS demonstrated 
decreased YBT reach distances compared to 
healthy controls, and reach distances and 
pain improved with McConnell taping.

One article assessed the use of an injury 
prediction algorithm, which incorporated 
movement screening (FMS and YBT), demo-
graphic information, and injury history, to 
identify risk for non-contact lower extremity 
injuries in male and female colligate athletes. 
The authors found that athletes categorized 
as high risk were 3.4 times more likely to 
obtain an injury over the season.30

Two articles looked at the prognostic 
ability of the FMS. One article assessed the 
ability to improve the FMS composite score 
through an off-season intervention program. 
Kiesel found that individuals with a deep 
squat score of 1 were 5x more likely to not 
improve their FMS composite score follow-
ing intervention.31 Another article assessed if 
FMS scores were associated with longitudinal 
performance outcomes in elite track and field 
athletes. Researchers found that FMS scores 
and presence of asymmetries were related 
to magnitude in longitudinal performance 
changes. Specifically, athletes with a deep 

squat score of 3 had larger mean improve-
ments in performance then athletes with a 
score of 2 or 1.32

One article specifically researching deep 
squat mechanics found that individuals with 
different scores on the FMS deep squat had 
mechanical differences when performing the 
test.33 This information can assist in devel-
oping specific interventions to improve the 
deep squat score.

DISCUSSION
The majority of the research found in 

the literature review focused on movement 
assessments identifying healthy/injury-free 
individuals who were at risk for sustaining an 
injury during the competitive season.22,23,25-

28,30 This ability to use movement assessments, 
specifically the FMS and YBT, to identify 
individuals at risk for injury supports that 
altered movement patterns, motor control 
and proprioception are risk factors for injury. 
Research shows that individuals with PFPS 
have impaired proprioception compared to 
healthy controls and Bennell et al demon-
strated that this impaired proprioception 
might not be caused by PFPS but actually be 
a risk factor for the development of PFPS.15-

17 The FMS and YBT have the potential to 
identify this impaired proprioception and 
dysfunctional movement patterns that could 
lead to PFPS. This particular patient dem-
onstrated a dysfunctional squat pattern and 
pain with a participation restriction of inabil-
ity to play football. 

Applying this research to the specific 
sport of football, the FMS and YBT have 
been supported in the literature to identify 
professional and collegiate football play-
ers at risk for sustaining a lower extremity 
injury. Kiesel et al23 found that professional 
football players with an FMS score of 14 or 
less had an 11-fold increased chance of suf-
fering a time loss injury during the season.23 

Also any asymmetry identified during testing 
regardless of FMS total score resulted in a 2.3 
increase in injury risk.24 Butler et al27 found 
that collegiate football players with an YBT 
composite score less than 89.6% were 3.5 

Table 2. Search Terms used Medline and CINAHL Plus Databases

Key Terms  Patellofemoral Pain Syndrome Functional Movement System Star Excursion Balance Test  Lower Extremity Injury 
Secondary Terms • Patellofemoral Pain • Functional Movement Screen • Star Excursion Balance • LE Injury
 • PFPS • FMS • SEBT • Non-contact lower
 • Anterior Knee Pain • Movement Assessment • Y Balance    extremity injury

    • LE injury risk
  

• Deep Squat • YBT
 • Injury risk 

Figure 1. International Classification of Functioning (ICF) model for Patellofemoral 
Pain Syndrome.

Patellofemoral Pain
Syndrome

Activity Limitation
-Squatting
-Running
-Jumping

Body Function and
Structure

-Tight gastroc/soleus, hip
flexors & hamstrings

-Weak hip ABD, hip EXT
and knee EXT

-Talocrural joint
hypomobility

Participation
Restrictions

-Football Practice
-Team weightlifting

sessions

Environmental Factors
-Teammate pressure to play

-Coach expectations
-College scout expectations

Personal Factors
-Does not want to let teammates down

-Wants to be recruited to play
college football
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times more likely to sustain a non-contact 
lower extremity injury. Lastly, using an injury 
risk algorithm, which included the FMS & 
YBT, Lehr et al was able to classify collegiate 
athletes (including football players) into low 
and high risk categories, and found high risk 
athletes were 3.4 times more likely to sustain 
an injury.30 This specific patient was a high 
school senior defensive end with aspirations 
to play collegiate football. The patient was 
only assessed with the FMS deep squat and 
YBT anterior reach, so an FMS total score 
and YBT composite score were not obtained. 
However, the patient demonstrated asym-
metries during the deep squat, indicating 2.3 
times greater risk for injury, and asymmetri-
cal reach difference on the YBT. Research 
in high school basketball players found that 
anterior reach difference of >4 cm indicated 
2.5 times increase in injury risk.28 The FMS 
and YBT have been accurate in identify 
injury risk in football players. The question 
to be considered is if dysfunctional move-
ment patterns were a contributing factor to 
the patient’s current condition. Our working 
hypothesis is movement dysfunction could 
be a factor contributing to his pathology.

A thorough examination that includes 
movement assessment specifically in this case 
can have prognostic benefits as well. Using 
the FMS scoring criteria, the current patient 
scored a 2 on the deep squat. This informa-
tion has prognostic benefits as Kiesel et al31 

found that a player’s inability to improve 
their FMS score above the injury threshold of 
14 was correlated to Deep Squat scores. Play-
ers with a Deep Squat score of 1 were found 
to be 5 times more likely to fail to improve 
their FMS score with interventions.31 The 
researchers hypothesized that the deep squat 
had predictive power because it incorporated 
the entire kinematic chain and that failure to 
score greater than a 1 may indicate significant 
movement dysfunction. Relating back to the 
current patient, his deep squat score of 2 
would indicate a good prognosis to improve 
and correct his dysfunctional movement pat-
terns and decrease his risk for further injury. 
The prognostic information can be take a 
step further as the FMS has been correlated 
to longitudinal performance changes in elite 
track and field athletes.32 It was found that 
individual athletes with FMS scores <14, 
presence of bilateral asymmetry or deep squat 
score less than 3 had smaller improvements 
in longitudinal performance.32 This informa-
tion directly applies to the current patient as 
he demonstrated a bilateral asymmetry and 
a FMS Deep Squat score of 2. The presence 
of these movement deficits will potentially 

affect the patient’s ability to improve his 
on-field performance, which will be critical 
when transitioning from high school to col-
lege football. 

In addition to the prognostic benefit that 
it can yield to the clinician, the information 
gained from movement assessment can drive 
interventions aimed at movement correc-
tion. Kiesel et al demonstrated in a group of 
professional American football players that 
an intervention program aimed at correct-
ing the identified movement deficit resulted 
in an average increase of 11% on the FMS 
total score.31 This shows that identifying 
and prescribing interventions to address the 
movement deficits can improve the move-
ment pattern and decrease the patient’s risk 
for injury. 

Using movement assessment allows the 
clinician to identify the dysfunctional move-
ment pattern and then break down the move-
ment pattern to identify the most meaningful 
impairments in terms of mobility and stabil-
ity deficits. This specific patient demonstrated 
a dysfunctional squat pattern; with bilateral 
valgus collapse, heels coming off the floor 
and pain. The YBT also revealed decreased 
anterior reach distance on the right side 
compared to left, valgus collapse, and pain. 
Two regions that significantly contribute to 
the squat pattern and YBT anterior reach are 
the hip and ankle. Specifically at the ankle, 
Butler et al demonstrated that the major 
mechanical difference between a deep squat 
score of 3 and 2 is peak dorsiflexion excur-
sion, with a score of 3 requiring greater peak 
dorsiflexion.7 Also the YBT anterior reach has 
been correlated to closed chain ankle dorsi-
flexion mobility.34 During the deep squat and 
YBT, in order to gain additional motion our 
patient compensated for his limited ankle 
dorsiflexion mobility with excessive subtalar 
joint pronation that is coupled with tibial 
internal rotation resulting in valgus collapse 
of the knee, which is consistent with the find-
ings of Macrum and colleagues.35 Moving up 
to the hip, Powers has demonstrated valgus 
collapse of the knee is caused by increased 
femoral adduction and internal rotation.2,3 
For our patient, hip manual muscle test-
ing revealed decreased gluteus medius and 
maximus stability, which during squatting 
resulted in decreased eccentric hip control 
and increased femoral adduction and internal 
rotation causing valgus collapse of the knee, 
which has been shown in research by Souza 
and Powers.13 Proper efficient performance of 
the FMS deep squat and YBT anterior reach 
requires sufficient ankle dorsiflexion mobility 
and gluteal stability. 

Based on the findings of the movement 
assessment, isolated impairment-based test-
ing followed to rule in or out key impair-
ments in terms of mobility and stability. 
Specifically, for this patient, impairment-
based mobility testing revealed ankle dor-
siflexion ROM restriction, talocrural joint 
hypomobility, and triceps surae tightness. 
Impairment based stability testing revealed 
gluteus medius and maximus manual muscle 
testing grade of 3-/5. The gluteal weakness 
led to the assessment of hip flexor flexibil-
ity revealing bilateral positive Thomas tests. 
Janda’s Lower Crossed Syndrome shows that 
muscle imbalances around the hip can alter 
static and dynamic function. The syndrome 
promotes an anterior pelvic tilt, another 
characteristic of the current patient, and hip 
flexor tightness, causing reciprocal inhibi-
tion of the gluteal musculature weakness. 
Based on the movement assessment findings, 
a plan of care was developed to address the 
most meaningful impairments that drive 
the patient’s valgus collapse and movement 
dysfunction.

The patient’s first treatment session con-
sisted of Thomas stretch to lengthen the 
hip flexors followed immediately by single 
leg bridging to increase gluteus medius and 
maximus activation and strength. Treatment 
also included talocrural joint posterior glides 
and self-stretching to the gastrocnemius 
and soleus muscles bilaterally to increase 
dorsiflexion mobility. Reactive Neuromus-
cular Training (RNT) corrective squatting 
was then performed with heels elevated in 
an attempt to correct the patient’s bilateral 
valgus collapse and right weight shift. With 
heels elevated, the patient was able to reach 
parallel but continued to demonstrate a right 
weight shift and experienced pain. When 
applying the RNT bands the patient squat-
ted symmetrically with decreased valgus col-
lapse and no reports of pain. The movement 
assessment allowed the clinician to appreci-
ate the regional interdependence applica-
tions of the lower extremity, breakdown the 
dysfunctional pattern to reveal the underly-
ing meaningful impairments and assisted in 
identifying the best interventions to improve 
the patient’s movement pattern. 

Figure 2 creates a clinical reasoning 
framework that helps identify both the proxi-
mal stability and distal mobility impairments 
as it applies to the PFPS case.

There are limitations in applying the liter-
ature directly to the current patient case. The 
FMS and YBT are primarily used to identify 
healthy individuals who are at risk for sus-
taining an injury. The YBT has been assessed 
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in populations with chronic ankle instability, 
anterior cruciate ligament-deficiency, and 
PFPS; and has been shown to be able to dif-
ferentiate between the injured patients and 
healthy controls but has not been shown to 
diagnosis specific conditions.28,29 Unlike the 
YBT, the FMS has not been assessed in a 
population of individuals with pain or cur-
rent injuries, so caution must be taken when 
applying the FMS research to the current 
patient case due to the presence of pain and 
injury. Further research is needed in a move-
ment assessment that discriminates painful 
versus non-painful fundamental movement 
patterns. 

CONCLUSION
Patellofemoral Pain Syndrome is a 

common musculoskeletal condition facing 
today’s clinician. The challenge for clinicians 
within the current health care environment 
stem from the fact PFPS is a multifactorial 
issue with no definitive diagnostic criteria, 
and limited clinical utility of impairment 
based clinical tests have provided minimal 
information that can assist the clinician 
in managing patients with this condition. 
Movement assessments are potential alterna-
tives from isolated impairment-based tests 
that can enhance clinical reasoning by captur-
ing regional interdependence implications. 
Movement assessments have been shown to 
be reliable in identifying individuals at risk 
for injury, but can also identify movement 
deficits that can be used to guide interven-
tions in order to improve movement patterns 
and decrease risk for injury. Two established 
movement assessments tools, the FMS and 
YTB, can provide clinicians with valuable 
information regarding injury risk, prognosis 
and intervention selection for patients with 
PFPS. 
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