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Abstract

Background: Early physical therapy has been shown to decrease downstream healthcare use, costs and recurrence
rates in some musculoskeletal conditions, but it has not been investigated in individuals with patellofemoral pain.
The purpose was to evaluate how the use and timing of physical therapy influenced downstream healthcare use,
costs, and recurrence rates.

Methods: Seventy-four thousand four hundred eight individuals aged 18 to 50 diagnosed with patellofemoral pain
between 2010 and 2011 in the Military Health System were categorized based on use and timing of physical
therapy (first, early, or delayed). Healthcare use, costs, and recurrence rates were compared between the groups
using descriptive statistics and a binary logit regression.

Results: The odds for receiving downstream healthcare use (i.e. imaging, prescription medications, and injections)
were lowest in those who saw a physical therapist as the initial contact provider (physical therapy first), and highest
in those who had delayed physical therapy (31–90 days after patellofemoral pain diagnosis). Knee-related costs for
those receiving physical therapy were lowest in the physical therapy first group ($1,136, 95% CI $1,056, $1,217) and
highest in the delayed physical therapy group ($2,283, 95% CI $2,192, $2,374). Recurrence rates were lowest in the
physical therapy first group (AOR = 0.55, 95% CI 0.37, 0.79) and highest in the delayed physical therapy group
(AOR = 1.78, 95% CI 1.36, 2.33).

Conclusions: For individuals with patellofemoral pain using physical therapy, timing is likely to influence outcomes.
Healthcare use and costs and the odds of having a recurrence of knee pain were lower for patients who had
physical therapy first or early compared to having delayed physical therapy.
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Background
Patellofemoral pain (PFP) has an annual prevalence of
approximately 23% in the general population [1], affect-
ing both adolescents and adults [2]. Over a lifetime, 13%
of adults will see a general practitioner for knee pain,
and 6.8% will be referred to a secondary provider [3]. A
formal diagnosis of PFP is often slow due to the progres-
sive onset of symptoms [4]. The diagnosis is based on a
cluster of signs and symptoms [4]; consequently, there
are significant healthcare use and costs associated with
PFP [2]. Physical therapy is one of the core recommen-
dations in clinical practice guidelines [4, 5].
Various delivery models for physical therapy exist, in-

cluding seeing a physical therapist at the initial contact
with the health system (i.e. direct access), as an early re-
ferral as part of an initial intervention strategy, or as a
delayed referral, often after other options may have
failed [6]. Evidence suggests that timing is important,
and appropriate physical therapy interventions delivered
earlier compared to later in the management pathway
can diminish the likelihood of unnecessary imaging and
pharmacological management [7]. There is considerable
evidence for decreased long-term healthcare use and
costs when physical therapy is received early [7–9], but
these data are primarily from individuals with spinal
pain and it is unknown if the same outcomes would be
expected in patients with PFP.
Similar to low back pain, recurrence of symptoms and

chronic pain are common in individuals with PFP [10,
11]. Unlike low back pain, where evidence supports a re-
duction in recurrence with early and appropriate phys-
ical therapy [9], it is unknown if the use and timing of
physical therapy influences recurrence in patients with
PFP. A recent study found that prior opioid use led to a
greater number of recurrences in patients with PFP [12],
but did not address the use or timing of physical
therapy.
The purpose of the study was to assess how the use

and timing of physical therapy influenced downstream
healthcare use and costs in individuals seeking care for
PFP. A secondary objective was to determine if the tim-
ing of physical therapy was associated with recurrences
of knee pain. The hypothesis was that delayed physical
therapy would increase long-term healthcare use and
costs and the odds of having a recurrence of knee pain.

Methods
Study design
This was an observational cohort study using data from
patients in the Military Health System (MHS) receiving
care for PFP in civilian and military clinics around the
world. The Institutional Review Board of the Army Re-
gional Health Command Central in San Antonio, TX,
USA granted ethics and regulatory approval, and all

methods were carried out in accordance with relevant
guidelines and regulations. The need for patient consent
was waived by the Institutional Review Board of the
Army Regional Health Command Central because data
were collected retrospectively and provided de-identified
to the research team. To guide reporting of this study,
the REporting of studies Conducted using Observational
Routinely-collected health Data (RECORD) statement
[13], an extension of the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) state-
ment [14] was used.

Data source
Data were acquired from the monthly updated MHS
Data Repository (MDR), a centralized data repository
capturing Defense Health Agency (DHA) corporate
healthcare data worldwide [15]. This includes all person-
level data for all medical visits, laboratory procedures,
and all medication prescriptions [15]. Data were pro-
vided de-identified and summed for each care variable
for each individual.

Participants
Individuals diagnosed with PFP in the MHS, using the
International Classification of Disease, 9th revision
(ICD-9) code 717.7 chondromalacia patellae, between
January 1, 2010 and December 31, 2011 were included.
This code was the most appropriate because there are
no other non-traumatic patellar-related ICD-9 codes, it
is the only label available to clinicians for use with all
subtypes of PFP. Furthermore, subgroup diagnostic la-
bels (i.e. anterior knee pain, jumper’s knee, patellofe-
moral pain syndrome, and chondromalacia patella often
have poor validity and reliability and are unlikely to
change treatment or prognosis, which is why recent
guidelines recommend the use of the term PFP for all of
these conditions collectively [16]. Individuals needed to
be eligible for care at least 1 year prior and 2 years after
diagnosis. Details of the development of the cohort have
been published [17].

Study variables
Descriptive variables
Age, sex, military service branch, and socioeconomic sta-
tus (junior enlisted, senior enlisted, junior officer, senior
officer) were presented according to those who received
physical therapy first (on the same day as PFP diagnosis),
early (from one to 30 days after initial PFP diagnosis),
delayed (from 31 to 90 days after initial PFP diagnosis),
or did not receive physical therapy.

Independent variables
Physical therapy use was defined as receiving an initial
evaluation for the knee by a physical therapist within the
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90 day period following the initial PFP diagnosis date. If
an individual received physical therapy on the date of
the diagnosis (i.e., when diagnosed by the physical ther-
apist as first-contact practitioner, and considered day
zero), they were categorized as receiving physical therapy
first. Individuals who received physical therapy any time
from day one to 30 after initial diagnosis were classified
as receiving early physical therapy, and any time from 31
to 90 days after initial diagnosis were classified as receiv-
ing delayed physical therapy. Individuals who received
no physical therapy following diagnosis were also
included.

Outcome variables
Healthcare use in the 2 year surveillance period after
diagnosis was captured, including all knee-related proce-
dures, knee radiographs, advanced imaging (magnetic
resonance imaging (MRI), knee arthrograms, or com-
puted tomography (CT)) scans), and pharmacological in-
terventions. Pharmacological interventions included
opioids, muscle relaxants, non-steroidal anti-
inflammatory drugs (NSAIDs), and other analgesic pre-
scriptions, as well as corticosteroid injections. The num-
ber of physical therapy visits for the knee, knee-related
care visits, total healthcare costs, and total knee-related
care costs were also examined. A recurrence was defined
as any visit for knee-related care after a period of at least
60 days without any knee care. This definition is a stand-
ard used in this health system to characterize a new in-
jury [18].

Comorbidities
Due to the potential impact on prognosis and healthcare
use [15], care-seeking for the following comorbidities in
the year prior was also captured: cardiometabolic syn-
drome, chronic pain, insomnia, depression, and sub-
stance abuse disorders.

Statistical analysis
Descriptive statistics, including means, standard devia-
tions or 95% confidence intervals (CIs), and frequencies,
were calculated for baseline and outcome variables based
on the three categories of physical therapy use (first,
early or delayed) and no physical therapy. A binary logit
regression was used to identify the odds of healthcare
use variables within the 2 years after initial PFP diagno-
sis. Unadjusted odds ratios (OR) and adjusted (sex and
comorbidities identified earlier) odds ratios (AOR) and
95% CIs are reported. A p value of less than 0.05 was
chosen a priori for statistical significance for all analyses
performed using SPSS Statistics Version 26.0 (IBM Cor-
poration, Armonk, NY).
Early physical therapy definitions have varied any-

where from 48 to 72 h after diagnosis [19, 20] to 14 to

30 days [21, 22], and therefore a sensitivity analysis was
conducted setting the threshold to 14 days for all groups.
Approaches based on clinical practice guidelines and
recommendations are expected to result in better out-
comes, and since exercise is a core treatment recom-
mendation, we conducted another sensitivity analysis
adjusting for individuals who received only active (thera-
peutic exercise and/or therapeutic activity) versus pas-
sive interventions (e.g. modalities).

Results
Of 74,408 individuals who met eligibility criteria, the
mean age was 32.1 (7.7) years, 30.4% were female, 48.2%
were in the Army, and 43.9% were junior enlisted. Base-
line demographics are provided in Table 1.
Of those in the cohort who saw a physical therapist

(n = 15,430; 20.7% of total cohort), 3591 (23.3% of those
receiving physical therapy) received physical therapy
first, 7924 (51.3% of those receiving physical therapy) re-
ceived early physical therapy, and 3915 (25.4% of those
receiving physical therapy) received delayed physical
therapy. There were 58,579 individuals (78.7% of the
total cohort) who did not see a physical therapist. The
mean number of physical therapy visits was 5.16 (SD
7.39) in the physical therapy first group, 6.36 (SD 8.01)
in the early physical therapy group, and 6.67 (SD 8.08)
in the delayed physical therapy group. The mean num-
ber of knee-related care visits in the 2 year follow up
period was 6.55 (SD 9.26) for the physical therapy first
group, 9.99 (SD 10.59) for the early physical therapy
group, and 11.55 (SD 10.93) for the delayed physical
therapy group. Patients who did not receive any physical
therapy had a mean of 3.73 (SD 6.27) knee-related care
visits.
The most common healthcare component used in the

cohort was knee radiographs (49.8%), and the least com-
mon was analgesic prescription medication (i.e. non-
opioid and non-NSAIDs) (2.7%). Of those receiving
physical therapy, the physical therapy first group had the
lowest total mean 2 year healthcare costs at $7610 (95%
CI $7268, $7951), and delayed physical therapy had the
highest total mean healthcare costs ($10,354 (95% CI
$10,017, $10,691)). Mean 2 year total knee-related costs
followed a similar pattern, with $1136 (95% CI $1056,
$1217) for the physical therapy first group, and $2283
(95% CI $2192, $2374) for delayed physical therapy.
Table 2 provides all use and cost outcomes in the 2 year
time period after the initial PFP diagnosis.
Receiving physical therapy first compared to early and

delayed led to a lower odds of having a knee radiograph
(AOR = 0.09; 95% CI 0.06, 0.14), advanced imaging
(AOR = 0.31; 95% CI 0.20, 0.46), opioid prescription
(AOR = 0.33; 95% CI 0.18, 0.59), muscle relaxant pre-
scription (AOR = 0.37, 95% CI 0.16, 0.76), NSAIDs
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prescription (AOR = 0.30; 95% CI 0.16, 0.52), other anal-
gesic prescription (AOR = 0.32; 95% CI 0.13, 0.69), and
corticosteroid injection (AOR = 0.26; 95% CI 0.10, 0.55)
after adjusting for sex and comorbidities. Individuals re-
ceiving early physical therapy compared to delayed phys-
ical therapy were at lower odds of having a knee
radiograph (AOR = 0.48; 95% CI 0.34, 0.66, advanced im-
aging (AOR = 0.49; 95% CI 0.37, 0.65), opioid prescrip-
tion (AOR = 0.53; 95% CI 0.37, 0.75), muscle relaxant
prescription (AOR = 0.61; 95% CI 0.39, 0.96), NSAIDs
prescription (AOR = 0.58; 95% CI 0.42, 0.81), other anal-
gesics prescription (AOR = 0.52; 95% CI 0.32, 0.83), and
corticosteroid injection (AOR = 0.46; 95% CI 0.29, 0.62).
Odds of healthcare use were also lower for those who
did not receive physical therapy and subgroups receiving
exercise therapy or only passive interventions (e.g. mo-
dalities) if provided by a physical therapist, both within
the first 30 days compared to 31 to 90 days after diagno-
sis. The odds of muscle relaxant use was higher if the in-
dividual received only passive interventions (AOR = 1.02;
95% CI 0.32, 3.52). There was a higher likelihood of add-
itional healthcare use in all categories we assessed if in-
dividuals received delayed physical therapy compared to
early physical therapy. Table 3 provides all healthcare
use OR and AOR.
Table 4 outlines recurrence rates between groups, and

there were statistically significant differences after

adjusting for sex and comorbidities. The odds of having
at least one more additional recurrence of knee pain
were lower if receiving physical therapy first (AOR =
0.55; 95% CI 0.37, 0.79) compared to early or delayed
physical therapy or early physical therapy (AOR = 0.56;
95% CI 0.43, 0.74) compared to delayed physical therapy.
Those in the delayed physical therapy group were at
higher odds of having a recurrence (AOR = 1.78; 95% CI
1.36, 2.33) compared to early physical therapy. If there
was no physical therapy use at all, the odds of recur-
rence were lower (AOR = 0.75; 95% CI 0.66, 0.86). A
sensitivity analysis using 14 days as the threshold instead
of 30 resulted in no change in healthcare use and recur-
rence rates for any of the groups.

Discussion
The primary purpose of the study was to assess how the
use and timing of physical therapy influenced down-
stream healthcare use and costs in individuals seeking
care for PFP. A secondary objective was to determine if
the timing of physical therapy was associated with recur-
rences of knee pain. For individuals with PFP in this co-
hort who saw a physical therapist, initial contact with
the physical therapist as the first provider (same day as
PFP diagnosis) was much less common than receiving a
referral. Total physical therapy visits were fewest if phys-
ical therapy was the initial contact provider, and highest

Table 1 Demographics

Full cohort
(n = 74,408)

Any physical
therapy use
(n = 15,430)

Physical therapy
first
(n = 3,591)

Early physical
therapy
(n = 7,924)

Delayed physical
therapy
(n = 3915)

No physical
therapy
(n = 58,579)

Age, mean (SD) 32.1 (7.7) 31.9 (7.4) 30.4 (7.3) 32.2 (7.3) 32.6 (7.5) 32.1 (7.8)

18 to 30 35,095 (47.2) 7377 (47.8) 1992 (55.5) 3684 (46.5) 1701 (43.4) 27,512 (47.0)

31 to 40 26,943 (36.2) 5785 (37.5) 1209 (33.7) 3015 (38.0) 1561 (39.9) 21,019 (35.9)

41 to 50 12,370 (16.6) 2268 (14.7) 390 (10.9) 1225 (15.5) 653 (16.7) 10,048 (17.2)

Female sex 22,640 (30.4) 4540 (29.4) 702 (19.5) 2600 (32.8) 1238 (31.6) 18,019 (30.8)

Branch of service

Army 35,885 (48.2) 6445 (41.8) 1795 (50.0) 2927 (36.9) 1723 (44.0) 29,273 (50.0)

Air Force 19,731 (26.5) 5358 (34.7) 710 (19.8) 3312 (41.8) 1336 (34.1) 14,219 (24.3)

Coast Guard 1689 (2.3) 316 (2.0) 58 (1.6) 182 (2.3) 76 (1.9) 1367 (2.3)

Marine Corps 5940 (8.0) 1080 (7.0) 437 (12.2) 416 (5.2) 227 (5.8) 4822 (8.2)

Navy 11,163 (15.0) 2231 (14.5) 591 (16.5) 1087 (13.7) 553 (14.1) 8898 (15.2)

Socioeconomic status

Junior Enlisted 32,702 (43.9) 6793 (44.0) 1624 (45.2) 3481 (43.9) 1688 (43.1) 25,724 (43.9)

Senior Enlisted 26,854 (36.1) 5422 (35.1) 1072 (29.9) 2888 (36.4) 1462 (37.3) 21,297 (36.4)

Junior Officer 7847 (10.5) 1762 (11.4) 472 (13.1) 884 (11.2) 405 (10.3) 6035 (10.3)

Senior Officer 6587 (8.9) 1272 (8.2) 259 (7.2) 659 (8.3) 354 (9.0) 5293 (9.0)

Unknown 418 (0.6) 182 (1.2) 164 (4.6) 12 (0.2) 6 (0.2) 230 (0.4)

Reported as number (percentage) of patients unless otherwise specified
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in the delayed physical therapy group. Patients who had
physical therapy first or early were less likely to receive
additional medical care including knee radiographs, ad-
vanced imaging, medications, and corticosteroid injec-
tions. Delayed physical therapy was associated with a
greater recurrence. These findings align with what has
been reported in individuals with low back pain [8].
Most of the cohort using physical therapy received it

early (51.4%), between one to 30 days after the initial
PFP diagnosis, consistent with other studies that exam-
ined timing of physical therapy for low back pain [23–
25]. The odds of undergoing imaging or receiving
pharmacological treatment was also lower in the early
group compared to delayed physical therapy, comparable
to other studies (primarily spinal pain) [8]. Healthcare
use, physical therapy visits, total knee-related care (visits
and costs), and total healthcare costs over the 2 years
following the initial PFP diagnosis were higher in the de-
layed physical therapy group compared to the first or
early physical therapy groups. Although previous litera-
ture has been heavily focused on the spine, these find-
ings are complementary because patients with PFP
follow similar trajectories of chronicity and recurrence
[11, 26]. The findings may assist with decisions about
use and referral to physical therapy for PFP.
Individuals receiving physical therapy first had the

lowest likelihood of additional future healthcare use.
While injury severity data are lacking, and it is possible
that those accessing physical therapy as first contact for
PFP had less severe symptoms or were less likely to have

a concurrent medical condition they wanted to discuss
with their primary care provider, it is also possible that
symptoms were better managed through a short course
of initial physical therapy treatment. In a traditional
health system, receiving physical therapy on the same
day as diagnosis through first contact with a physical
therapist is not as common, so these results may not be
typical outside of the MHS. However, these results may
help facilitate a push toward more efficient pathways for
appropriate care in individuals with PFP. Additionally,
30.0% (n = 1078) of individuals who had first contact
with a physical therapist had only one subsequent knee-
related care visit in the following 2 years, compared to
22.5% (n = 683) who were seen by a different healthcare
provider type. This suggests that physical therapists were
effective with their interventions, and were not likely to
provide potentially unnecessary treatment [6].
It is important to note that less than 25% of the cohort

utilized any physical therapy, and those who did not re-
ceive physical therapy had low recurrence rates, and low
total healthcare and knee-related costs. This could re-
flect patients with less severe symptoms, those with
higher self-efficacy that preferred self-management strat-
egies, or those for whom making additional physical
therapy visits was not feasible (e.g., military training, de-
ployments). Physical therapy, like most other interven-
tions, may not be the best or necessary intervention for
every single patient [27]. For patients where physical
therapy appears to have merit as part of the treatment
plan, either by the patient or the diagnosing clinician,

Table 2 Healthcare use and cost outcomes in 2 year time period after diagnosis

Full cohort
(n = 74,408)

Any physical
therapy use
(n = 15,430)

Physical
therapy first
(n = 3591)

Early physical
therapy
(n = 7924)

Delayed physical
therapy
(n = 3915)

No physical
therapy
(n = 58,579)

Number of individuals receiving imaging/pharmaceuticals, N (%)

Knee x-ray 37,058 (49.8) 9132 (59.2) 1045 (29.1) 5134 (64.8) 2953 (75.4) 27,669 (47.2)

Advanced imaging 16,166 (21.7) 4705 (30.5) 774 (21.6) 2255 (28.5) 1676 (42.8) 11,346 (19.4)

Opioids 4889 (6.6) 1502 (9.7) 193 (5.4) 770 (9.7) 539 (13.8) 3333 (5.7)

Muscle relaxants 2453 (3.3) 744 (4.8) 90 (2.5) 401 (5.1) 253 (6.5) 1677 (2.9)

NSAIDs prescription 6757 (9.1) 2121 (13.7) 253 (7.0) 1137 (14.3) 731 (18.7) 4562 (7.8)

Other analgesics (acetaminophen,
etc.)

1984 (2.7) 629 (4.1) 80 (2.2) 328 (4.1) 221 (5.6) 1333 (2.3)

Corticosteroid injections 3233 (4.3) 995 (6.4) 128 (3.6) 512 (6.5) 355 (9.1) 2213 (3.8)

Number of knee physical therapy
visits, mean (SD)

5.96 (7.92) 6.16 (7.91) 5.16 (7.39) 6.36 (8.01) 6.67 (8.08) –

Number of knee-related care visits,
mean (SD)

4.97 (7.75) 9.58 (10.54) 6.55 (9.26) 9.99 (10.59) 11.55 (10.93) 3.73 (6.27)

Total healthcare costs, mean (95%
CI)

$8390 ($8310,
$8470)

$9234 ($9069,
$9398)

$7610 ($7268,
$7951)

$9416 ($9193,
$9639)

$10,354 ($10,017,
$10,691)

$8160 ($8070,
$8251)

Total knee-related costs, mean
(95% CI)

$1103 ($1087,
$1119)

$1821 ($1777,
$1864)

$1136 ($1056,
$1217)

$1902 ($1843,
$1962)

$2283 ($2192,
$2374)

$910 ($893,
$926)
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Table 3 Odds ratio for healthcare use based on timing

Unadjusted odds ratio with 95% CI Adjusted odds ratio with 95% CI

Physical therapy first

Knee radiograph 0.13 (0.12, 0.15) 0.09 (0.06, 0.14)

Advanced imaging 0.37 (0.33, 0.41) 0.31 (0.20, 0.46)

Opioids 0.35 (0.30, 0.42) 0.33 (0.18, 0.59)

Muscle relaxants 0.37 (0.29, 0.48) 0.37 (0.16, 0.76)

NSAIDs 0.33 (0.28, 0.38) 0.30 (0.16, 0.52)

Other analgesics (acetaminophen, etc.) 0.38 (0.29, 0.49) 0.32 (0.13, 0.69)

Corticosteroid injections 0.37 (0.30, 0.45) 0.26 (0.10, 0.55)

Early physical therapy

Knee radiograph 0.59 (0.55, 0.65) 0.48 (0.34, 0.66)

Advanced imaging 0.53 (0.49, 0.57) 0.49 (0.37, 0.65)

Opioids 0.68 (0.60, 0.76) 0.53 (0.37, 0.75)

Muscle relaxants 0.80 (0.68, 0.94) 0.61 (0.39, 0.96)

NSAIDs 0.73 (0.66, 0.81) 0.58 (0.42, 0.81)

Other analgesics (acetaminophen, etc.) 0.73 (0.61, 0.87) 0.52 (0.32, 0.83)

Corticosteroid injections 0.68 (0.59, 0.78) 0.46 (0.29, 0.62)

Delayed physical therapy

Knee radiograph 1.68 (1.55, 1.83) 2.11 (1.53, 2.94)

Advanced imaging 1.90 (1.75, 2.05) 2.03 (1.54, 2.68)

Opioids 1.48 (1.32, 1.66) 1.90 (1.33, 2.70)

Muscle relaxants 1.25 (1.07, 1.47) 1.64 (1.04, 2.58)

NSAIDs 1.37 (1.24, 1.51) 1.73 (1.23, 2.41)

Other analgesics (acetaminophen, etc.) 1.36 (1.15, 1.62) 1.94 (1.21, 3.10)

Corticosteroid injections 1.48 (1.29, 1.70) 2.20 (1.40, 3.46)

No physical therapy

Knee radiograph 0.61 (0.59, 0.64) 0.52 (0.47, 0.61)

Advanced imaging 0.55 (0.53, 0.47) 0.55 (0.48, 0.63)

Opioids 0.55 (0.52, 0.59) 0.55 (0.45, 0.67)

Muscle relaxants 0.57 (0.52, 0.62) 0.52 (0.41, 0.67)

NSAIDs 0.53 (0.50, 0.55) 0.54 (0.45, 0.65)

Other analgesics (acetaminophen, etc.) 0.54 (0.49, 0.60) 0.53 (0.41, 0.69)

Corticosteroid injections 0.57 (0.53, 0.62) 0.56 (0.43, 0.72)

Exercise therapy

Knee radiograph 0.37 (0.34, 0.40) 0.30 (0.22, 0.40)

Advanced imaging 0.47 (0.44, 0.51) 0.48 (0.37, 0.62)

Opioids 0.59 (0.53, 0.66) 0.55 (0.39, 0.78)

Muscle relaxants 0.65 (0.56, 0.76) 0.52 (0.34, 0.82)

NSAIDs 0.62 (0.56, 0.68) 0.58 (0.42, 0.81)

Other analgesics (acetaminophen, etc.) 0.62 (0.53, 0.74) 0.53 (0.34, 0.84)

Corticosteroid injections 0.58 (0.51, 0.66) 0.40 (0.26, 0.61)

Passive interventions only

Knee radiograph 0.37 (0.29, 0.47) 0.42 (0.17, 1.01)

Advanced imaging 0.46 (0.37, 0.58) 0.82 (0.36, 1.87)

Opioids 0.69 (0.50, 0.96) 0.57 (0.21, 1.55)
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the timing of physical therapy appears to be highly
relevant.
A higher percentage of individuals receiving delayed

physical therapy were ordered knee radiographs, com-
pared to those with earlier physical therapy, suggesting
that the ordering of a radiograph may have delayed deci-
sions regarding physical therapy referrals. Radiographs
are discouraged for non-traumatic knee pain, as current
research demonstrates they often do not correlate with
symptoms, are a potential waste of resources and can in-
crease healthcare costs, and knowledge of results often
lead to a poorer prognosis [28–30]. Delayed physical
therapy is typical in a traditional healthcare system
whereby individuals do not see a physical therapist or
other healthcare provider until later in their care path-
way [6], so the use of additional testing prior to receiving
physical therapy, including radiographs, may not be sur-
prising yet does not match current recommendations
discouraging the use of radiographs. In fact, radiographs
were the most commonly used healthcare use outcome
in all groups in our cohort. This finding merits further
investigation in future study of healthcare practices
around the management of PFP. The use of early radio-
graphs was common practice for patients in this cohort,
influenced by the use and/or timing of physical therapy,
and in conflict with current recommendations [29–31].
For patients who received physical therapy, the AOR

of having at least one recurrence in the 2 year surveil-
lance period was 78% higher in the delayed physical
therapy group compared to the early physical therapy
group. Conversely, receiving physical therapy first or
early led to a lower odds of having a recurrence. This
speaks to the importance of receiving appropriate inter-
ventions, including physical therapy. A quicker reduction
of symptoms in patients with PFP leads to better out-
comes in individuals in which the initial duration is

shorter before receiving care [11, 26]. Although we do
not know the duration of the symptoms before individ-
uals sought care, they could not have received any knee-
related care in the year prior to diagnosis to be included
in the cohort.
Alternatively, individuals receiving physical therapy

first or early may have received home exercise programs
(HEPs) along with their supervised visits and ultimately
were able to manage their symptoms at home with a
HEP after only a small number of supervised visits.
There is evidence suggesting adherence to HEPs is better
than supervised visits in patients with PFP [32], so per-
haps this cohort opted for a HEP. Lastly, it is possible
these individuals’ symptoms resolved entirely.
Similar to the timing of physical therapy, early exercise

therapy from a physical therapist led to lower odds of
healthcare use. Exercise therapy is widely recommended
in recent guidelines [4, 5], but there is limited evidence
for PFP on specific dosing variables that improve out-
comes [33], or how the timing of exercise impacts out-
comes. Although there are no specifics on the exact
exercises that were incorporated, this finding is promis-
ing because it supports the idea that early appropriate
interventions can decrease the need for follow-up care,
including imaging or medications. Also, the odds for
downstream healthcare use were lower in those who re-
ceived only early passive interventions from a physical
therapist. Passive interventions are not recommended
for PFP [5], especially in isolation, but this finding im-
plies that if passive interventions were used, the timing
of these isolated passive interventions is important for
individuals with PFP.

Limitations
This study has several limitations. First, observational
studies limit inferences about causation. Other

Table 3 Odds ratio for healthcare use based on timing (Continued)

Unadjusted odds ratio with 95% CI Adjusted odds ratio with 95% CI

Muscle relaxants 0.69 (0.45, 1.08) 1.02 (0.32, 3.52)

NSAIDs 0.67 (0.50, 0.89) 0.69 (0.26, 1.81)

Other analgesics (acetaminophen, etc.) 0.72 (0.44, 1.18) 0.56 (0.15, 2.05)

Corticosteroid injections 0.35 (0.24, 0.51) 0.53 (0.12, 2.15)

Covariates were: sex, cardiometabolic syndrome, chronic pain, insomnia, depression, and substance abuse one year prior to diagnosis

Table 4 Odds of recurrence in knee pain by group

Physical therapy first
(n = 3591)

Early physical therapy
(n = 7924)

Delayed physical therapy
(n = 3915)

No physical therapy
(n = 58,579)

OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value

Unadjusted 0.49 (0.45, 0.54) < 0.001 0.64 (0.59, 0.79) < 0.001 1.57 (1.45, 1.69) < 0.001 0.80 (0.77, 0.83) < 0.001

Adjusted 0.55 (0.37, 0.79) 0.002 0.56 (0.43, 0.74) < 0.001 1.78 (1.36, 2.33) < 0.001 0.75 (0.66, 0.86) < 0.001

Covariates were: sex, cardiometabolic syndrome, chronic pain, insomnia, depression, and substance abuse one year prior to diagnosis
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confounding variables beyond our ability to control may
provide greater explanation for differences in outcomes
related to the timing of physical therapy. Second, the
MHS is a single-payer government system and results
may differ in other settings. Third, a common limitation
with studies of this nature are assumptions made about
coding accuracy in medical records. It is possible there
was variability in coding, which we tried to control for
as much as possible in our methods, but there is the po-
tential that some cases of PFP were not included in the
cohort and some cases that were not true PFP were in-
cluded. Codes for knee-related care and knee pain in-
cluded other knee diagnoses, primarily to capture
variations in diagnostic labels used across the health sys-
tem (e.g. the generic “pain in joint, lower leg” which is
often used for anterior knee pain). This increases the
sensitivity for including relevant care events, but comes
at a cost of specificity. However, we did try to control
for this as much as possible by removing individuals
from this cohort who had knee surgeries or a different
follow-on diagnosis within 6months (cruciate or menis-
cus injury, fracture, osteoarthritis, patellar tendinopathy,
iliotibial band friction syndrome) in case the original
diagnostic label was incorrect. This cohort was also lim-
ited to individuals with a full 2 years of follow-up avail-
able, and therefore patterns of care when including all
patients with PFP regardless of follow-up availability
could be different. Each of these limitations could im-
pact the overall size and specificity of the cohort. Fourth,
it is possible care was sought outside the MHS, which is
not captured in this database. However, most beneficiar-
ies (all active duty) would have no co-pay required in
this system and therefore seeking outside care is un-
likely. While large healthcare databases often have miss-
ing data for this reason [34], these data are from a
closed single-payer health system, with an internal 90-
day validation period which allows for very little missing
data. Fifth, practice patterns may have changed since the
collection of this data. Lastly, patient-reported outcomes
would have provided the ability to better infer levels of
pain, disability, and function, which could significantly
influence the outcomes.

Conclusions
For patients receiving physical therapy for PFP, timing is
important. Approximately 75% received it within 30 days
of their initial PFP diagnosis. Healthcare use, costs and
odds of recurrence were lower for patients who had
physical therapy as their first contact (day zero) or
within 30 days compared to having physical therapy be-
tween 31 and 90 days after diagnosis. These results are
similar to those found in other musculoskeletal condi-
tions and highlight the need for further prospective
studies assessing timing of physical therapy.

Acknowledgements
None.

Disclaimer
The view(s) expressed herein are those of the author(s) and do not reflect
the official policy or position of the US Army Medical Department, the US
Army Office of the Surgeon General, the Department of the Army,
Department of Defense, or the US Government.

Authors’ contributions
JLY, SJS, JAC, and DIR were responsible for the initial conception of the
research question, research design, and final manuscript preparation. JLY and
DIR were primarily responsible for the data analysis, interpretation and
reporting, and SJS and JAC assisted with the interpretation and reporting.
JLY, SJS, JAC and DIR read, edited, and approved the submitted manuscript.

Funding
There was no funding for this study.

Availability of data and materials
The datasets generated and/or analysed during the current study are not
publicly available due to being proprietary to the US Defense Health Agency
but are available from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
Ethics approval for this study was granted by the Institutional Review Board
of the US Army Regional Health Command - Central. The need for patient
informed consent was waived by the Institutional Review Board of the
Regional Health Command - Central because the data were collected
retrospectively and provided de-identified to the research team.

Consent for publication
Not applicable.

Competing interests
The authors declare they have no competing interests.

Author details
1Doctor of Science in Physical Therapy, Bellin College, 3201 Eaton Rd, Green
Bay, WI 54311, USA. 2Discipline of Physiotherapy, School of Health Sciences,
The University of Newcastle, University Dr, Callaghan, NSW 2308, Australia.
3Doctor of Physical Therapy Program, Department of Public Health and
Community Medicine, Tufts University School of Medicine, 419 Boston Ave,
Medford, MA 02155, USA. 4Center for the Intrepid, Brooke Army Medical
Center, JBSA Fort Sam Houston, 3551 Roger Brooke Dr, San Antonio, TX
78234, USA. 5Department of Rehabilitation Medicine, Uniformed Services
University of Health Sciences, 4301 Jones Bridge Rd, Bethesda, MD 20814,
USA.

Received: 25 April 2021 Accepted: 12 July 2021

References
1. Smith BE, Selfe J, Thacker D, Hendrick P, Bateman M, Moffatt F, et al. Incidence

and prevalence of patellofemoral pain: a systematic review and meta-analysis.
PLoS One. 2018;13(1):e0190892. https://doi.org/10.1371/journal.pone.0190892.

2. Afzali T, Fangel MV, Vestergaard AS, Rathleff MS, Ehlers LH, Jensen MB. Cost-
effectiveness of treatments for non-osteoarthritic knee pain conditions: a
systematic review. PLoS One. 2018;13(12):e0209240. https://doi.org/10.1371/
journal.pone.0209240.

3. Webb R, Brammah T, Lunt M, Urwin M, Allison T, Symmons D. Opportunities
for prevention of “clinically significant” knee pain: results from a population-
based cross sectional survey. J Public Health. 2004;26(3):277–84. https://doi.
org/10.1093/pubmed/fdh162.

4. Willy RW, Hoglund LT, Barton CJ, Bolgla LA, Scalzitti DA, Logerstedt DS, et al.
Patellofemoral pain: clinical practice guidelines linked to the international
classification of functioning, disability and health from the academy of Orthopaedic
physical therapy of the American Physical Therapy Association. J Orthop Sports
Phys Ther. 2019;49(9):CPG1–95. https://doi.org/10.2519/jospt.2019.0302.

Young et al. BMC Health Services Research          (2021) 21:751 Page 8 of 9

https://doi.org/10.1371/journal.pone.0190892
https://doi.org/10.1371/journal.pone.0209240
https://doi.org/10.1371/journal.pone.0209240
https://doi.org/10.1093/pubmed/fdh162
https://doi.org/10.1093/pubmed/fdh162
https://doi.org/10.2519/jospt.2019.0302


5. Crossley KM, van Middelkoop M, Callaghan MJ, Collins NJ, Rathleff MS,
Barton CJ. 2016 patellofemoral pain consensus statement from the 4th
international patellofemoral pain research retreat, Manchester. Part 2:
recommended physical interventions (exercise, taping, bracing, foot
orthoses and combined interventions). Br J Sports Med. 2016;50(14):844–52.
https://doi.org/10.1136/bjsports-2016-096268.

6. Lentz TA, Goode AP, Thigpen CA, George SZ. Value-based care for
musculoskeletal pain: are physical therapists ready to deliver? Phys Ther.
2020;100(4):621–32. https://doi.org/10.1093/ptj/pzz171.

7. Horn ME, Fritz JM. Timing of physical therapy consultation on 1-year
healthcare utilization and costs in patients seeking care for neck pain: a
retrospective cohort. BMC Health Serv Res. 2018;18(1):887. https://doi.org/1
0.1186/s12913-018-3699-0.

8. Ojha HA, Wyrsta NJ, Davenport TE, Egan WE, Gellhorn AC. Timing of
physical therapy initiation for nonsurgical management of musculoskeletal
disorders and effects on patient outcomes: a systematic review. J Orthop
Sports Phys Ther. 2016;46(2):56–70. https://doi.org/10.2519/jospt.2016.6138.

9. Arnold E, La Barrie J, DaSilva L, Patti M, Goode A, Clewley D. The effect of
timing of physical therapy for acute low back pain on health services
utilization: a systematic review. Arch Phys Med Rehabil. 2019;100(7):1324–38.
https://doi.org/10.1016/j.apmr.2018.11.025 .

10. Witvrouw E, Callaghan MJ, Stefanik JJ, Noehren B, Bazett-Jones DM, Willson
JD, et al. Patellofemoral pain: consensus statement from the 3rd
international patellofemoral pain research retreat held in Vancouver,
September 2013. Br J Sports Med. 2014;48(6):411–4. https://doi.org/10.1136/
bjsports-2014-093450.

11. Lankhorst NE, van Middelkoop M, Crossley KM, Bierma-Zeinstra SMA, Oei EHG,
Vicenzino B, et al. Factors that predict a poor outcome 5-8 years after the
diagnosis of patellofemoral pain: a multicentre observational analysis. Br J
Sports Med. 2016;50(14):881–6. https://doi.org/10.1136/bjsports-2015-094664.

12. Rhon DI, Cook CE, Cleland JA, Snodgrass SJ. The influence of prior opioid
use on healthcare utilization and recurrence rates for non-surgical patients
seeking initial care for patellofemoral pain. Clin Rheumatol. 2020;40(3):1047–
54. https://doi.org/10.1007/s10067-020-05307-w .

13. Benchimol EI, Smeeth L, Guttmann A, Harron K, Moher D, Petersen I, et al.
The REporting of studies conducted using observational routinely-collected
health data (RECORD) statement. PLoS Med. 2015;12(10):e1001885. https://
doi.org/10.1371/journal.pmed.1001885.

14. von Elm E, Altman DG, Egger M, Pocock SJ, Gøtzsche PC, Vandenbroucke
JP, et al. The strengthening the reporting of observational studies in
epidemiology (STROBE) statement: guidelines for reporting observational
studies. PLoS Med. 2007;4(10):e296. https://doi.org/10.1371/journal.pmed.
0040296 .

15. Rhon DI, Clewley D, Young JL, Sissel CD, Cook CE. Leveraging healthcare
utilization to explore outcomes from musculoskeletal disorders:
methodology for defining relevant variables from a health services data
repository. BMC Med Inform Decis Mak. 2018;18(1):10. https://doi.org/10.11
86/s12911-018-0588-8.

16. Crossley KM, Stefanik JJ, Selfe J, Collins NJ, Davis IS, Powers CM, et al. 2016
patellofemoral pain consensus statement from the 4th international
patellofemoral pain research retreat, Manchester. Part 1: terminology,
definitions, clinical examination, natural history, patellofemoral osteoarthritis
and patient-reported outcome measures. Br J Sports Med. 2016;50(14):839–
43. https://doi.org/10.1136/bjsports-2016-096384.

17. Young JL, Snodgrass SJ, Cleland JA, Rhon DI. Usual medical care for
patellofemoral pain does not usually involve much care: 2-year follow-up in
the Military Health System. J Orthop Sports Phys Ther. 2021;(51)6:305–13.
https://doi.org/10.2519/jospt.2021.10076.

18. Hauschild VD, Hauret K, Richardson M, Jones HB. A taxonomy of injuries for
public health monitoring and reporting: PHIP No. 12-01-0717. Army Public
Health Center; 2018.

19. Nordeman L, Nilsson B, Möller M, Gunnarsson R. Early access to physical
therapy treatment for subacute low back pain in primary health care: a
prospective randomized clinical trial. Clin J Pain. 2006;22(6):505–11. https://
doi.org/10.1097/01.ajp.0000210696.46250.0d.

20. Fritz JM, Magel JS, McFadden M, Asche C, Thackeray A, Meier W, et al. Early
physical therapy vs usual care in patients with recent-onset low back pain: a
randomized clinical trial. JAMA. 2015;314(14):1459–67. https://doi.org/10.1
001/jama.2015.11648.

21. Fritz JM, Childs JD, Wainner RS, Flynn TW. Primary care referral of patients
with low back pain to physical therapy: impact on future health care

utilization and costs. Spine. 2012;37(25):2114–21. https://doi.org/10.1097/
BRS.0b013e31825d32f5.

22. Kucera KL, Lipscomb HJ, Silverstein B. Medical care surrounding work-
related back injury claims among Washington state union carpenters, 1989-
2003. Work. 2011;39(3):321–30. https://doi.org/10.3233/WOR-2011-1180.

23. Magel J, Kim J, Fritz JM, Freburger JK. Time between an emergency
department visit and initiation of physical therapist intervention: health care
utilization and costs. Phys Ther. 2020;100(10):1782–92. https://doi.org/10.1
093/ptj/pzaa100.

24. Childs JD, Fritz JM, Wu SS, Flynn TW, Wainner RS, Robertson EK, et al.
Implications of early and guideline adherent physical therapy for low back
pain on utilization and costs. BMC Health Serv Res. 2015;15:1–10.

25. Gellhorn AC, Chan L, Martin B, Friedly J. Management patterns in acute low
back pain: the role of physical therapy. Spine. 2012;37(9):775–82. https://doi.
org/10.1097/BRS.0b013e3181d79a09.

26. Collins NJ, Bierma-Zeinstra SMA, Crossley KM, van Linschoten RL, Vicenzino
B, van Middelkoop M. Prognostic factors for patellofemoral pain: a
multicentre observational analysis. Br J Sports Med. 2013;47(4):227–33.
https://doi.org/10.1136/bjsports-2012-091696.

27. Carter SK, Rizzo JA. Use of outpatient physical therapy services by people
with musculoskeletal conditions. Phys Ther. 2007;87(5):497–512. https://doi.
org/10.2522/ptj.20050218.

28. Gaitonde DY, Ericksen A, Robbins RC. Patellofemoral pain syndrome. Am
Fam Physician. 2019;99(2):88–94.

29. Alaia MJ, Khatib O, Shah M, Bosco JA, Jazrawi LM, Strauss EJ. The utility of
plain radiographs in the initial evaluation of knee pain amongst sports
medicine patients. Knee Surg Sports Traumatol Arthrosc. 2015;23(8):2213–7.
https://doi.org/10.1007/s00167-014-3003-8.

30. Cuff A, Parton S, Tyer R, Dikomitis L, Foster N, Littlewood C. Guidelines for
the use of diagnostic imaging in musculoskeletal pain conditions affecting
the lower back, knee and shoulder: a scoping review. Musculoskeletal Care.
2020:1–10.

31. Jackson JL, O’Malley PG, Kroenke K. Evaluation of acute knee pain in primary
care. Ann Intern Med. 2003;139(7):575–88. https://doi.org/10.7326/0003-481
9-139-7-200310070-00010.

32. Rathleff MS, Rathleff CR, Holden S, Thorborg K, Olesen JL. Exercise
therapy, patient education, and patellar taping in the treatment of
adolescents with patellofemoral pain: a prospective pilot study with 6
months follow-up. Pilot Feasibility Stud. 2018;4(1):73. https://doi.org/1
0.1186/s40814-017-0227-7.

33. Young JL, Rhon DI, Cleland JA, Snodgrass SJ. The influence of exercise dosing
on outcomes in patients with knee disorders: a systematic review. J Orthop
Sports Phys Ther. 2018;48(3):146–61. https://doi.org/10.2519/jospt.2018.7637.

34. Henry AJ, Hevelone ND, Lipsitz S, Nguyen LL. Comparative methods for
handling missing data in large databases. J Vasc Surg 2013;58(5):1353–9.e6.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Young et al. BMC Health Services Research          (2021) 21:751 Page 9 of 9

https://doi.org/10.1136/bjsports-2016-096268
https://doi.org/10.1093/ptj/pzz171
https://doi.org/10.1186/s12913-018-3699-0
https://doi.org/10.1186/s12913-018-3699-0
https://doi.org/10.2519/jospt.2016.6138
https://doi.org/10.1016/j.apmr.2018.11.025
https://doi.org/10.1136/bjsports-2014-093450
https://doi.org/10.1136/bjsports-2014-093450
https://doi.org/10.1136/bjsports-2015-094664
https://doi.org/10.1007/s10067-020-05307-w
https://doi.org/10.1371/journal.pmed.1001885
https://doi.org/10.1371/journal.pmed.1001885
https://doi.org/10.1371/journal.pmed.0040296
https://doi.org/10.1371/journal.pmed.0040296
https://doi.org/10.1186/s12911-018-0588-8
https://doi.org/10.1186/s12911-018-0588-8
https://doi.org/10.1136/bjsports-2016-096384
https://doi.org/10.2519/jospt.2021.10076
https://doi.org/10.1097/01.ajp.0000210696.46250.0d
https://doi.org/10.1097/01.ajp.0000210696.46250.0d
https://doi.org/10.1001/jama.2015.11648
https://doi.org/10.1001/jama.2015.11648
https://doi.org/10.1097/BRS.0b013e31825d32f5
https://doi.org/10.1097/BRS.0b013e31825d32f5
https://doi.org/10.3233/WOR-2011-1180
https://doi.org/10.1093/ptj/pzaa100
https://doi.org/10.1093/ptj/pzaa100
https://doi.org/10.1097/BRS.0b013e3181d79a09
https://doi.org/10.1097/BRS.0b013e3181d79a09
https://doi.org/10.1136/bjsports-2012-091696
https://doi.org/10.2522/ptj.20050218
https://doi.org/10.2522/ptj.20050218
https://doi.org/10.1007/s00167-014-3003-8
https://doi.org/10.7326/0003-4819-139-7-200310070-00010
https://doi.org/10.7326/0003-4819-139-7-200310070-00010
https://doi.org/10.1186/s40814-017-0227-7
https://doi.org/10.1186/s40814-017-0227-7
https://doi.org/10.2519/jospt.2018.7637

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study design
	Data source
	Participants
	Study variables
	Descriptive variables
	Independent variables
	Outcome variables
	Comorbidities

	Statistical analysis

	Results
	Discussion
	Limitations

	Conclusions
	Acknowledgements
	Disclaimer
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

