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Abstract

Background: Patellofemoral pain syndrome (PFPS) is a common musculoskeletal condition. Understanding episode of care
variables can lead to improved outcomes.

Objectives: To explore outcomes of physical therapy (PT) for the management of patients with PFPS.

Design: Retrospective cohort.

Methods: Data was extracted from the electronic medical record for patients with PFPS treated at a single, academic PT site
between July 1, 2016 and May 30, 2019. Episode of care variables, relationship between variables, and odds of improvement
were assessed.

Results: Fifty-two patients with PFPS, mean (* SD) age of 25.9 (+ 14.1) years were referred to PT. Over the course of a single
episode of care, significant improvements were seen in pain (P = 0.03) and knee extension strength (P <0.001) with 20-21
complete data sets respectively. After adjusting for age, there was a 13.8% increase in the odds of making clinically meaningful
improvements in pain though these findings did not reach statistical significance (Odds ratio [OR] 1.14, 95% CI 0.93-1.39).
Positive relationships were identified between weeks (r = 0.57; P = 0.008) and number of visits (r = 0.57; P = 0.007) with
improved knee extension strength. Age was negatively correlated with improvements in knee extension strength (r = -0.46; P
=0.04).

Conclusion: Each additional visit for patients with PFPS, up to 9 visits, and a younger age are associated with greater odds
of making clinically significant improvements in pain. Greater number of weeks and PT visits and a younger age yield higher

improvements in knee extension strength.

Keywords: Patellofemoral Pain; Knee Pain; Episode of Care; Physical Therapy

Introduction diagnosed in over 400,000 individuals annually and is a
collection of predominately non-traumatic conditions that

Patellofemoral Pain Syndrome (PFPS) occurs across present as anterior retropatellar or peripatellar knee pain

the lifespan, accounting for 1.5% to 7.3% of all individuals [1,2]. These symptoms are experienced by approximately
seeking medical care in the United States [1]. PFPS is 23% of the general population and are most prevalent
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among adolescent, female athletes [2]. PFPS symptoms are
often increased with lower-limb loading including squatting,
prolonged sitting, stair negotiation, jumping, and/or running
[3,4]. Therefore, individuals with PFPS experience substantial
limitations in activities of daily life, work, and sports [1]. A
systematic review on this topic noted that reproduction of
retropatellar pain during squatting and a hypomobile patellar
tilt test were the most accurate diagnostic tests for PFPS [4].
Symptoms associated with PFPS have the potential to become
chronic and more than half of individuals with PFPS report
unfavorable recovery 5 to 8 years after symptom onset even
without radiographic evidence of osteoarthritis [5]. Despite
the prevalence and challenges for recovery in patients with
PFPS, physical therapy (PT) interventions demonstrate
potential to improve symptoms and function in individuals
with PFPS [6-8]. Randomized controlled trials using targeted
hip and knee exercises have demonstrated improvements
in pain and patient-reported function; however, reports
show no consistency on frequency and duration of exercise
making it difficult to prescribe the optimal plan of care [9-
12]. Accordingly, the Academy of Orthopaedic Physical
Therapy of the American Physical Therapy Association
has published clinical practice guidelines (CPG) for
patellofemoral pain to guide evidence-based PT practice and
management for patients experiencing PFPS [13]. The CPGs
recommend hip and knee targeted exercises and a combined
intervention approach including exercise therapy along
with foot orthoses, patellar taping, patellar mobilizations,
and lower-limb stretching [13]. However, optimal frequency
of PT care and total number of PT visits remains unclear. A
living systematic review with network meta-analysis found
that education in combination with a physical treatment
(exercise, orthoses or patellar taping/mobilization) is most
effective at 3 months [14]. The study could not recommend a
specific type or class or physical treatment over another due
to insufficient evidence [14]. Currently, there is no accepted
standard program of rehabilitative management [13,15,16].
Determining the frequency and duration of care for patients
with PFPS can help to standardize effective treatment, inform
clinical practice guidelines, improve patient and family
engagement, and decrease variance in clinical trials [16,17].
The purpose of this study was to explore characteristics
and outcomes of PT episodes of care for the management
of patients with PFPS including analysis of referral timing,
frequency and duration, changes in pain, range of motion
(ROM), strength, and patient-reported functional outcomes
in a single, academic clinic setting.

Methods

Procedures

A retrospective electronic medical records review was
performed identifying patients with PFPS who were treated
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at a single academic physical therapy location. Data from
the medical records were manually extracted including age,
diagnosis, referral timing, frequency, duration, number of
PT visits, and outcome measures. This study was approved
by University of Maryland, Baltimore’s Institutional Review
Board. This study did not require any interaction with the
research subjects and all information was deidentified for
extraction and analysis to maintain confidentiality. Each
rehabilitation examination included objective and subjective
measures of pain, ROM, strength, and patient-reported
functional outcomes. Pain was measured using a 10-cm
Visual Analogue Scale (VAS) where 0 represents “no pain”
and 10 represents “the worst pain”. The VAS is reliable and
valid in assessing treatment outcomes in persons with PFPS
[18]. The minimal clinically important difference (MCID) is
important to consider as it provides clinicians the necessary
information to determine if a meaningful change has been
made to the patient [18]. It has been reported that the MCID
for the VAS in those experiencing PFPS is a change of 1.5 to
2.0 cm (15%-20%) to detect improvement [18].

ROM is a measure, in degrees, of the arc of motion a joint
has in a space, which is routinely measured with a goniometer
[19]. Strength, as defined by Dutton [20], as an assessment of
power where musculotendinous units act across a bone-joint
lever-arm system to actively generate motion or passively
resistmovementagainstgravity andresistance, was measured
with manual muscle testing (MMT) [20,21]. In the clinical
setting, MMT was commonly used to assess strength [20,21].
Patient-reported functional outcomes were used to assess
a patient’s current level of function and quality of life. The
Lower Extremity Functional Scale (LEFS) questionnaire was
used to minimize bias, maintain validity, document progress,
and help to determine and advance treatment approaches
[22]. The LEFS is a reliable and validated questionnaire that
measures functional limitations in individuals with lower
extremity dysfunctions such as PFPS [23,24]. The LEFS has
been found to be reliable and responsive to clinical change in
individuals with anterior knee pain [24].

International Classification of Diseases, Tenth Revision
(ICD-10) codes (Table 1) were assessed in EPIC (Epic Systems
Co., Verona, WI) to identify electronic medical records of
patients seen between July 1, 2016 and May 30, 2019 for
physical therapy services. Episodes of care were included if
the patient had a diagnosis of PFPS and were 6 years of age or
older at the time of rendered services. Episodes of care were
excluded for patients with known active osteoarthritis or
chondromalacia in the rehabilitating knee, or if the physical
therapy episodes of care were not addressing the PFPS
diagnosis. Baseline data were extracted from documentation
of the initial evaluation or the subsequent PT encounter,
and end-of-episode data were extracted from the final PT
encounter. If no objective data were documented in the final
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PT encounter, data were extracted from documentation
within three encounters, but no more than 30 days, from the
final PT encounter.

M22.2x9 | Patellofemoral Disorders, Unspecified Knee
M22.2x1 | Patellofemoral Disorders, Right Knee

M22.2x2 | Patellofemoral Disorders, Left Knee

M22.40 Chondromalacia Patella, Unspecified Knee
$83.006A }Lr;;sizﬁgrflicegu?lzl:cation of Unspecified Patella,
M25.569 | Pain in Unspecified Knee

M25.561 | Pain in Right Knee

M25.562 | Pain in Left Knee

Table 1: ICD-10 Codes
Abbreviation: ICD-10, International Classification of
Diseases, 10™ Revision

Data Analysis

Statistical analysis was performed using SPSS version
22.0 (IBM Inc., Chicago, IL, USA) to calculate descriptive
statistics including mean, standard deviation (SD), median,
range, and percentages. MMT scores were converted toa0-10
scale for analysis [25]. Pearson’s product correlations (r)

were used to explore relationships between variables. Paired
t-tests were used to assess changes from baseline to end-of-
episode outcomes. All comparisons were made at the <0.05
level of significance. We used logistic regression to calculate
log-odds of making a clinically significant improvement in
pain intensity, using visit count as the primary predictor
of interest. We exponentiated the log-odds to get an odds
ratio, interpreted as the relative difference in likelihood of
improvement for each additional visit of PT received.

Results

A total of 162 electronic medical records were screened.
Of the initial search, 110 electronic medical records were
excluded because these records did not meet the inclusion
criteria. The remaining 52 electronic medical records
underwent data extraction and analysis (Figure 1). The mean
(+ SD) age of the cohort was 25.9 (* 14.1) years at the time
of the initial examination. The median time of referral to PT
from the onset of symptoms was 34 weeks (interquartile
range [IQR], 6.5-97.5). Frequency of PT was prescribed for
2 to 3 times per week for 71% of episodes of care; however,
71% of the patients attended PT 1 to 2 times per week.
Episode of care duration was a median of 3.5 weeks (IQR,
1-9). The number of visits was a median of 3 visits (IQR, 1-7)
(Figure 1, Table 2).

Figure 1: Flow Chart for Medical Records Included.
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Characteristics (n = 52) Mean (SD) Range
Age, years 25.85 (14.14) 7-55
Episode of Care (n = 52) Median IQR
Visits, count 3 1-7
Week, count 3.5 1-9
Initiation of Care Since
Diagnosis, weeks (n = 42) 34 6.5-97.5

Table 2: Episode of Care Characteristics.
Abbreviations: SD, standard deviation; IQR, interquartile
range

Due to missing data for the majority of the participants
on either the initial evaluation or the end of episode of care
documentation, 20-22 complete data sets were able to be
analyzed for pain, knee extension and flexion ROM, and knee
extension strength and 11 complete data sets for the LEFS
functional outcome. Over the course of a single episode of
care, patients demonstrated significant improvements in
pain (n=20; P =0.03), knee extension ROM (n=21; P =0.05),
knee flexion ROM (n = 22; P = 0.001), and knee extension
strength (n = 21; P <0.001). Patient reported functional
outcomes were reported in 85% of episodes of care on initial
visit, and the LEFS was used for all patients who completed
a functional outcome questionnaire. Improvements were
found in LEFS scores; however, these scores were not
statistically significant (n = 11; P = 0.38). Mean change in
variables over the course of care are presented in Table 3.

Variable Chal\:;:?SD) Mean Range
MMT Flexion (0-10) 0.48 (1.21) 8.27t09.10
MMT Extension (0-10) | 0.95(0.86) | 8.27t09.24
ROM Flexion (degrees) 6.73 (8.60) | 9.24 to 124.09
ROM Extension (degrees) | 1.71 (3.74) -0.20 to 1.43
Funcfé’gsal(gf‘gg)ge oM 1 8.27(29.86) | 46.83 to 48.17
Pain Change (0-10 VAS) | -1.70 (3.11) | 5.67 to 2.90

Table 3: Mean Change in Variables Over Course of Care
Abbreviations: SD, standard deviation; MMT, manual
muscle test; ROM, range of motion; LEFS, Lower Extremity
Functional Scale; VAS, Visual Analogue Scale

Each additional visit of physical therapy for patients
with PFPS, up to 9 visits, is associated with a 12.1% increase
in the odds of making clinically significant improvements in
pain intensity over the course of therapy, but this difference
was not statistically significant (Odds ratio [OR] 1.12, 95%
CI 0.94-1.34). After adjusting for age, each additional visit
was associated with a 13.8% increase in the odds of making
clinically significant improvements in pain intensity over the
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course of therapy, but this difference was not statistically
significant (Odds ratio [OR] 1.14, 95% CI 0.93-1.39).

Relationships between variables were explored, and
moderate positive relationships were identified between
the weeks (r = 0.57; P = 0.008) and number of visits (r =
0.57; P = 0.007) with improved knee extension strength.
Age demonstrated a moderate negative relationship with
improvements in knee extension strength (r = -0.46; P
= 0.04), thus favouring increased magnitude of strength
improvements among younger patients in this cohort (Table
4).

Knee Extension Strength R P
Weeks 0.57 0.008**
Number of Visits 0.57 0.007**
Age -0.46 0.038*

Table 4: Association Between Knee Extension Strength And
Frequency And Duration And Age Variables

r = Pearson’s product correlations; * = P<0.05; ** = P<0.01
Relationships between body function impairments and
patient reported functional outcome scores were also
explored. A significant negative relationship existed between
the amount of improvement in pain and LEFS scores (r =
0.82; P=0.01).

Discussion

This study explored the characteristics, outcomes,
and relationships of PT episodes of care variables for the
management of patients with PFPS. Over the course of a
single episode of care, improvements were identified in
pain, knee extension ROM, knee flexion ROM, and knee
extension strength. Positive relationships were identified
between the number of weeks and visits a patient received
PT and the improvements in knee extension strength. Age-
related relationships demonstrated increased improvement
among younger patients. A significant relationship between
improvement in pain and higher LEFS scores was also
observed. Each additional visit of PT for patients with PFPS,
up to 9 visits, and younger age are associated with an increase
in the odds of making a clinically significant improvement in
pain intensity over the course of PT. These findings support
the greater use of PT, up to 9 visits for decreasing pain in
younger patients with PFPS.

Understanding the frequency and duration of PT care
for patients with PFPS can help to standardize effective
treatment. Winters, et al. [14] found that education in
combination with a physical treatment (exercise, orthoses
or patellar taping/mobilization) is most effective at 3
months. The researchers performed a living systematic
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review with network meta-analysis to determine which
treatment(s)/treatment category is most effective for PFPS.
Twenty-two randomized controlled trials evaluating any
treatment for individuals having PFPS for more than 6 weeks
were included. Any improvement defined by any degree
of recovery or improvement on a Global Rating of Change
(GROC) Scale and pain intensity on scale of 0 to 10 or 0 to
100 by ‘worst in the past week’ on a VAS or Numerical Rating
Pain Scale (NRS) were used as outcome measures. Education
alone was comparable to education combined with a
physical treatment at 12 months [14]. The study could not
recommend a specific type or class or physical treatment over
another due to insufficient evidence [14]. They found that all
treatments were superior to a wait and see approach for any
improvement on the GROC scale at 3 months [14]. However,
no treatment was found superior to wait and see approach for
the secondary outcome of pain intensity during the previous
week [14]. This study supports that early patient education
and potentially exercise and patellar taping/mobilizations
may be of benefit in the first 3 months of symptom onset.
The current study reported a median time of referral to PT
from the onset of symptoms at 34 weeks (interquartile range
[IQR], 6.5-97.5) or 7.8 months, which is significantly longer
from what is recommended in the Winters, et al. [14] study.
Reasons for delayed referral to PT in this study are unknown
and would benefit from further exploration in future studies.

Specific exercise prescription related to improved
outcomes of pain and function is yet to be determined in
patients with PFPS [13,16]. In the current study, patients
were seen for a median of 3 visits (IQR, 1-7) over 3.5
weeks (IQR, 1-9) which is lower than previously published
efficacious intervention trials that vary from 4 to 8 weeks [9-
12]. Young, Rhon, Cleland, and Snodgrass [16] performed a
systematic review to identify specific doses of exercise related
to improved outcomes of pain and function in individuals
with knee osteoarthritis, patellar tendinopathy, and PFPS. A
variety of outcome measures were used across the studies
included. They reported 24 total therapeutic exercise
sessions and 8 to 12-week durations of exercise therapy
were most associated with large effect sizes for patients with
knee osteoarthritis. The authors concluded that no trends
were seen with exercise dosing for individuals with patellar
tendinopathy or PFPS [16]. The most common intervention
duration for PFPS was 8 weeks ranging from 3 to 16 weeks
[16]. Dolak, et al. [9] randomized 33 females with PFPS
into either initial hip strengthening or initial quadriceps
strengthening for 4 weeks, before a 4-week program of
functional weight-bearing exercises. This study used the
VAS and LEFS, the same patient-reported outcome measures
used in the present study, following exercise therapy 3 days
a week for 8 weeks for a total of 24 visits to assess patient
improvement [9]. The authors revealed that the hip group
had significantly less pain than the quadriceps group at week
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4. Pain scores at 4 and 8 weeks were significantly lower than
baseline scores in the hip group. However, in the quadriceps
group, pain scores were significantly lower than baseline
at 8 weeks but not at 4 weeks. Both groups demonstrated
a statistically significant mean decrease in VAS scores with
a mean change ranging from 1.6 cm - 2.2cm. The current
study found the mean change in pain to be 1.7 cm which is
comparable to what Dolak, et al. [9] reported.

The MCID is important to consider as it provides
clinicians the necessary information to determine if a
meaningful change has been made to the patient [18]. It has
beenreported that the MCID for the VAS in those experiencing
PFPS is a change of 1.5 to 2.0 cm (15%-20%) to detect
improvement [9,18]. A mean change of 1.7 cm on the VAS
does reach the MCID of 1.5 to 2.0 which means a meaningful
change has been made to the patient. The current study
found that with each additional visit of physical therapy for
patients with PFPS, up to 9 visits, there is a 12.1% increase
in the odds of making clinically significant improvements in
pain intensity of the course of therapy. Even though these
findings are not statistically significant (Odds ratio [OR] 1.12,
95% CI 0.94-1.34), a 12.1% increase in the odds of making
clinically significant improvement in pain is compelling and
supports the greater use of therapy, up to 9 visits.

Dolak, etal.[9] reported ameanimprovementof 12 points
on the LEFS following 8 weeks of rehabilitation, whereas the
current study results showed a mean improvement of 8.3
points over a median of 3.5 weeks. This comparison supports
the findings of the current study that a higher number of
visits over a longer duration yields greater improvement
on the LEFS. It is important for clinicians to consider
the minimal detectable change (MDC) which conveys
the number of points a questionnaire must change to be
confident that a true change in the patient’s functional status
has occurred [24,26]. A MDC of 8 points has been reported in
patients experiencing anterior knee pain, the most common
symptom of PFPS [24]. Despite that improvements in LEFS
scores in the present study were not statistically significant
(n =12; P = 0.38), the patients in this study did demonstrate
improvements greater than the previously reported MDC.
Future longitudinal studies are needed to further investigate
the relationships between body function impairments such
as strength and functional outcomes in patients with PFPS.

Despite the most commonly prescribed frequency of 2 to
3 times per week for 71% of the patients, the patients in this
single academic site study attended fewer number of visits
(median of 3 visits) over a shorter period of time (median
of 3.5 weeks). Most episodes of care ended because of a
combination of self-discharge and insurance issues (85.6%).
The exact reason for patients' self-discharge from PT care
and cause of insurance issues is unknown. However, it is
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important to note that all patients included in the current
study were seen in an urban single academic clinical setting.

No-show rates have been shown to range from 15% to
30% in adult general medicine clinics and urban community
centers [27-29]. Ofei-dodoo, et al. [29] interviewed 25
patients over the phone at two urban, university affiliated
family medicine residency outpatient clinics who missed
three or more scheduled appointments during a 5-year span.
The authors found five consistent themes for why these
patients missed their scheduled outpatient appointments:
forgetfulness; transportation issues; personal health issues;
family and employer obligations; and other issues, such as
anticipated long clinic wait times, bad weather, and financial
problems. The reasons for patients in the current study
no longer attending PT is unknown but warrants further
exploration in future studies.

Knee extension strength hasbeenidentified asatarget for
PT intervention [13]. The results of the current study suggest
that patients who had a higher number of visits and who
were treated for a longer duration in weeks, demonstrated
greater improvements in knee extension strength. Van
Tiggelen, et al. [30] identified decreased knee extension
strength as a predisposing factor in the development of PFPS
in male military recruits. In a case-control study comparing
asymptomatic women to women with PFPS, females with
PFPS demonstrated a 20% deficit in knee extensor strength
compared with the asymptomatic women [31]. The findings
of the current study suggest that a higher number of PT visits
over a longer duration can influence improvements in knee
extension strength, thus highlighting the potential role of
episode of care dosage on knee extension impairment.

Guney, Yuksel, Kaya, and Doral [32] investigated the
relationship between concentric and eccentric quadriceps
strengths with functional outcomes using the self-reported
Kujala patellofemoral scores in female patients with unilateral
PFPS. The authors reported that quadriceps eccentric and
concentric strengths were significantly correlated with
the Kujala score using Spearman’s correlation coefficient
test. Piva, et al. [33] explored relationships between
physical impairments of muscle strength, soft tissue length,
movement control, postural and biomechanical alterations,
and psychological factors with self-reported physical
function and pain in patients with PFPS. The authors
reported that factors related to these physical impairments
did not associate to self-reported function or pain. Powers,
Perry, Hsu, and Hislop [34] assessed functional limitations by
using the functional assessment questionnaire and reported
no correlation between function and quadriceps strength in
patients with PFPS which differs from the current study’s
findings. Research using strength as outcome measures
is limited. Future research on specific exercise protocols
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involving strength outcomes is warranted.

Age might play a role in prescription of appropriate
frequency and duration for patients with PFPS. PFPS occurs
across the lifespan with a prevalence of 1 in 14 adolescents
[35,36]. In the current study, younger patients demonstrated
greater improvements in knee extension strength and
demonstrated increased odds of recovery. Rathleff, Roos,
Olesen, and Rasmussen [37] studied adolescents, 15 to
19 years of age, who were cluster randomized to patient
education with home exercises or patient education
combined with exercise therapy 3 times a week for 3 months.
Self-reported recovery was the primary outcome measure
and was measured on a seven-point Likert scale ranging
from “completely recovered” to “worse than ever”. This study
assessed exercise adherence through weekly text messages
and PT attendance, and found that a higher total number
of weekly exercise sessions increased the odds of recovery
which is in agreement with the findings of the current
study [37]. However, van Middelkoop, van der Heijden, and
Bierma-Zeinstra [38] found no difference in patient reported
pain and function by questionnaire between adolescents and
adults with PFPS. Rathleff, et al. [39] also reported lower
success rates of treatment in adolescent patients with PFPS
compared to adults who performed similar exercises and had
comparable adherence when looking at the patient reported
symptom duration in months through questionnaire. Further
research that focuses on comparing strength and odds of
recovery between younger and older individuals with PFPS
is needed.

Limitations

The limitations of the current study include a small
sample of patients with PFPS with a wide range of length
of episode of care. All patients were seen in a single urban
academic clinic under the care of a select group of physicians
and physical therapists which limits generalizability. Pain
scores using the VAS were only collected on 20 out of the
52 patients (38%) and functional outcome scores using the
LEFS were only collected on 11 of the 52 patients (21%)
at discharge, thus, limiting the ability to report change in
patient-reported functional outcomes. However, despite the
low power, we observed clinically important magnitudes of
improvements that will be explored in future studies.

Conclusion

The current study describes episode of care variables and
outcomes for management of PFPS ata single academic urban
site. The results suggest that patients with a younger age and
higher frequency and duration of PT visits demonstrated
greater improvements in knee extension strength and odds
of improvement. Over the course of a single episode of care,
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significant improvements can be made in reducing pain,
increasing knee flexion and extension ROM, and improving

knee extension strength. Each additional visit for patients 8. van der Heijden RA, Lankhorst NE, van Linschoten R,

with PFPS, up to 9 visits, and a younger age is associated with Bierma-Zeinstra SM, Van Middelkoop M (2016) Exercise
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