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ABSTRACT
Objectives: The purpose of this case series was to describe the effects of a biopsychosocial 
approach that embeds pain neuroscience education (PNE) within physical therapy for improv
ing foot and ankle function, pain, and psychosocial factors in patients with chronic plantar 
fasciitis.
Methods: Seven female patients (mean [SD] age = 49.0 [11.4] years) receiving physical therapy 
for chronic plantar fasciitis were enrolled. Along with formal physical therapy, patients received 
six 15-minute PNE sessions. Knowledge of pain neuroscience was assessed before and after 
PNE with the Revised Neurophysiology of Pain Questionnaire. Patients completed question
naires for foot and ankle function (Activities of Daily Living subscale of the Foot and Ankle 
Ability Measure), pain intensity (Numeric Rating Scale), pain catastrophizing (Pain 
Catastrophizing Scale), and fear of movement (Tampa Scale for Kinesiophobia) at baseline 
(before treatment) and 6 and 12 weeks. Local and remote pain sensitivity was assessed using 
a pressure algometer at baseline and 6 weeks.
Results: Patients attended a mean (range) of 8.7 (7 to 12) physical therapy sessions over 
a mean (range) of 46.7 (42 to 56) days. After PNE, six (86%) patients demonstrated increased 
knowledge of pain neuroscience. At 12 weeks, six (86%) patients met or exceeded minimally 
clinically important difference (MCID) for foot and ankle function and pain. Five (71%) patients 
met or exceeded MCID for pain catastrophizing and fear of movement. Local pain sensitivity 
was reduced in six (86%) patients.
Conclusions: Physical therapy integrating PNE is potentially beneficial for patients with chronic 
plantar fasciitis. Future studies should examine the efficacy of PNE in randomized trials with 
larger representative samples.
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Background

Plantar fasciitis, or more broadly plantar heel pain, 
is a common cause of foot pain leading patients to 
seek medical care. The prevalence of plantar fasciitis 
varies across patient samples (i.e., runners, older 
adults, military), with estimates suggesting plantar 
fasciitis affects nearly 1% of the general population 
[1]. Over 1 million patient visits are attributed to 
plantar fasciitis [2]. The costs of treating plantar 
fasciitis are estimated to be over 280 USD million 
per year [3]. Clinical symptoms of plantar fasciitis 
range in severity from mild tenderness around the 
heel and bottom of the foot to debilitating pain 
requiring assistive devices such as crutches [4]. 
Currently, there are a multitude of conservative 
treatments for plantar fasciitis including medication, 
splints, manual therapy, exercise, and orthotic 
devices [1,5]. The success rate of these treatments 
for reducing pain and improving function is variable 
[6,7], with approximately 10% of patients reporting 
persistent symptoms.

Psychosocial factors are important correlates of clinical 
outcomes in patients with plantar fasciitis [8–12]. 
Specifically, pain catastrophizing and fear of movement 
are two psychosocial factors that can influence how 
patients respond to injury or treatment. In a cross- 
sectional study, Cotchett et al. [8] found pain catastrophiz
ing and fear of movement were significantly associated 
with foot function and pain in multivariable models. After 
accounting for age, sex, and body mass index (BMI), 
Cotchett et al. [8] found pain catastrophizing explained 
an additional 39% of the variability in foot function (total 
model r square = 43%), while fear of movement explained 
an additional 21% of variability in foot function (total 
model r square = 26%) [8]. These preliminary findings 
suggest pain catastrophizing and fear of movement sub
stantially improve models that include other known pre
dictors and may be important modifiable factors to target 
in this population.

A biopsychosocial approach to pain management 
combining physical (i.e., manual therapy, exercise) 
and psychosocial strategies may be optimal for 
patients with chronic plantar fasciitis. Pain 
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neuroscience education (PNE) is a strategy that has 
been used in physical therapy to address pain cata
strophizing and fear of movement [13–15]. PNE is 
a cognitive-based strategy that aims to reconceptua
lize a patient’s understanding of pain and reduce the 
threat that pain is a marker of tissue damage [13]. PNE 
involves education sessions that describe various 
aspects of the neurobiology and neurophysiology of 
pain and pain processing within the nervous system. 
The knowledge gained from PNE can reduce pain 
catastrophizing and fear [16–18] and decrease pain 
sensitivity [16,19]. Enhanced pain sensitivity may be 
an indicator of a centrally sensitized state and con
tribute to the maintenance of chronic pain [20]. 
Several studies have shown beneficial therapeutic 
effects following PNE for patients with low back 
pain and fibromyalgia [21–23]. Currently, there are 
no studies describing the effects of PNE within physi
cal therapy management for patients with chronic 
plantar fasciitis.

The purpose of this prospective case series was to 
describe the credibility, acceptability, and preliminary 
effects of physical therapy management that embeds 
PNE for improving foot and ankle function, pain, and 
psychosocial outcomes in patients with chronic plantar 
fasciitis. The results of this study could inform the 
potential clinical utility of a biopsychosocial approach 
to chronic pain management for plantar fasciitis.

Methods

Study design

This study was a prospective case series of consecutive 
patients with chronic plantar fasciitis presenting to 
a single outpatient physical therapy clinic at 
Vanderbilt University Medical Center. Ethical approval 
was obtained by the Institutional Review Board of 
Vanderbilt University Medical Center.

Participants

Patients referred to physical therapy for the manage
ment of chronic unilateral or bilateral plantar fasciitis at 
Vanderbilt University Medical Center from August 2019 
to March 2020 were screened for eligibility. Our target 
recruitment and retention plan was to enroll 20 patients 
over a 6-month period and complete the 3-month fol
low-up in at least 90% of patients. To be considered for 
enrollment, patients must have met the following inclu
sion criteria: 1.) English speaking; 2.) between the ages 
of 18 and 65 years, 3.) had a referring medical diagnosis 
of plantar fasciitis by a physician, and 4.) had a duration 
of pain or symptoms for 3 months or longer. At the 
initial evaluation, physical therapists ruled out other 
diagnoses and confirmed plantar fasciitis through the 
patient history and physical examination.

Patients were excluded from enrollment if they met 
any of the following criteria: 1.) had current trauma or 
surgery in the affected foot or ankle; 2.) were diag
nosed with a cognitive impairment; 3.) had a history 
of neurological condition such as Parkinson disease, 
multiple sclerosis, amyotrophic lateral sclerosis; 4.) had 
symptoms attributable to Complex Regional Pain 
Syndrome, 5) were receiving care under a worker’s 
compensation claim, or 6.) were unable to follow-up 
for scheduled physical therapy visits.

Procedures

After obtaining written informed consent, enrolled 
patients completed an intake questionnaire for socio
demographic (age, sex, race, ethnicity, education level, 
marital status, working status) and health-related infor
mation (smoking status, affected foot, pain duration, 
opioid use, expectations for physical therapy). 
Expectations for physical therapy were assessed using 
4 questions assessing overall expectations for complete 
relief of pain, moderate relief of pain, more physical 
activity, and prevention of future disability [24]. 
Patients rated each question on an 11-point numeric 
scale from low [1] to high [10] expectation. Patients also 
completed questionnaires for knowledge of pain neu
roscience [25], foot and ankle function [26], pain inten
sity [27], pain catastrophizing [28], and fear of 
movement [29]. Pain sensitivity assessment using 
a pressure algometer was assessed by the evaluating 
physical therapist. After the initial evaluation, patients 
received six sessions of structured PNE in addition to 
physical therapy. The duration, frequency, and content 
of physical therapy was informed by published clinical 
guidelines for plantar fasciitis [30]. The patient’s height 
and weight (for BMI), comorbidities (based on the 
Functional Comorbidity Index [31]), number of physical 
therapy visits, and total duration of care were extracted 
from the electronic health record. Follow-up assess
ments for patient-reported outcomes and psychosocial 
factors were conducted at 6 and 12 weeks after enroll
ment. Pressure pain sensitivity was reassessed at 
6 weeks only as patients were not available for in- 
clinic assessments at 12 weeks. Patients also completed 
an assessment form for assessing credibility and accept
ability of their treatment. All data were entered and 
managed using Research Electronic Data Capture 
(REDCap) hosted at Vanderbilt University Medical 
Center [32]. REDCap is a secure, web-based application 
designed to support data capture for research studies.

Physical therapy with pain neuroscience 
education

PNE is a cognitive-based educational strategy aimed 
at reducing pain and improving function through 
understanding of the biological processes underlying 
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pain [13]. PNE incorporates metaphors, plain lan
guage, examples, and pictures to assist in patient 
learning. PNE was delivered one-on-one by a PNE- 
trained physical therapist over six treatment sessions. 
As part of the delivery of PNE, patients were provided 
with a copy of the Why Do I Hurt?® Workbook 
(Orthopedic Physical Therapy Products, Minneapolis, 
MN). The therapist and patient used the workbook 
content as the basis for education and discussion at 
each weekly session. Example topics included exam
ining the patient’s pain journey, the body’s alarm 
system and what contributes to heightened 
responses, the role of the brain, and strategies to 
turn down the alarm system. Each physical therapy 
session lasted 30 to 45 minutes, with approximately 
15 minutes devoted to PNE. The frequency and dura
tion of the PNE component of treatment was prag
matically chosen based on feasibility to complete the 
workbook topics within the clinical visit and time 
constraints of the outpatient clinic. The patient was 
given time within the session to complete workbook 
questions and discuss these with the therapist. 
Patients were encouraged to apply what they learned 
at home independently; however, this was not for
mally tracked. To assess whether PNE influenced the 
patient’s understanding of pain neuroscience, the 
Revised Neurophysiology of Pain Questionnaire 
(Revised NPQ) was completed before and after com
pletion of PNE. The Revised NPQ examines how 
patients conceptualize the mechanisms of pain. 
Patients respond to each item with ‘true,’ ‘false,’ or 
‘undecided.’ A total percentage score is obtained 
based on correct responses. The Revised NPQ has 
been shown to be reliable and to have good test– 
retest reliability [25].

In addition to PNE, patients received physical ther
apy informed by evidence-based guidelines for plantar 
fasciitis from the Academy of Orthopedic Physical 
Therapy [30]. Physical therapy interventions included 
therapeutic exercise (stretching/strengthening) and 
manual therapy (soft tissue and joint mobilizations). 
Three licensed physical therapists (K.M, E.P., B.C.) deliv
ered the intervention. Physical therapist’s years of clin
ical experience ranged from 3 to 18 years. None of the 
physical therapists received formal PNE training within 
their entry-level clinical degree program. Two physical 
therapists underwent postgraduate PNE training 
through coursework and/or residency education. One 
physical therapist held specialist certification in ortho
pedics through the American Board of Physical 
Therapist Specialties. Prior to the start of the study, 
each therapist underwent two 2-hour training sessions 
to review the study protocol and PNE delivery. During 
training sessions, each physical therapist reviewed 
workbook content, practiced delivery of PNE, and 
were provided feedback based on mock case scenar
ios. To ensure adherence to PNE delivery, each 

therapist completed a checklist at each visit to docu
ment that PNE sessions were conducted.

Treatment credibility and acceptability

Patients completed an assessment form for deter
mining credibility and acceptability of their treat
ment [33,34]. Patients were asked to rate how 
helpful they felt PNE was to their overall recovery 
and how likely they would be to recommend PNE to 
a friend with chronic pain. These two items were 
scored on an 11-point scale, with 0 indicating ‘not 
at all helpful/likely’ and 10 indicating ‘extremely 
helpful/likely.’ We considered scores of 8 or greater 
as indicating a high level of helpfulness or likelihood 
to recommend. Patients also reported their level of 
expectation fulfillment following treatment as ‘yes,’ 
‘partially,’ or ‘no.’ Treatment satisfaction was 
assessed on a 6-point scale ranging from ‘very dis
satisfied’ to ‘very satisfied.’ Open-ended feedback 
was asked regarding what the patient felt was the 
most important thing they learned or changed 
because of PNE.

Patient-reported outcomes

Foot and ankle function and pain intensity were 
assessed with the Activities of Daily Living subscale of 
the Foot and Ankle Ability Measure (FAAM-ADL) and 
Numeric Rating Scale (NRS), respectively. These were 
completed at baseline (prior to treatment) and 6 and 
12 weeks.

Foot and ankle function
The FAAM-ADL is a 21-item measure of foot and ankle 
function involving a range of daily activities [26]. 
Patients rated each FAAM-ADL item on a 5-point 
scale, with 0 representing ‘unable to do’ and 4 repre
senting ‘no difficulty.’ Scores on the FAAM-ADL were 
computed as a percentage between 0 and 100, where 
0 indicates an inability to perform daily activities and 
100 indicates full function. Scores of approximately 50 
or lower indicate at least moderate difficulty in func
tion. The FAAM-ADL subscale has been shown to be 
a reliable and valid measure for those with foot and 
ankle disorders [26]. The minimum clinically important 
difference (MCID) for the FAAM-ADL subscale is 8 
points [26].

Pain intensity
The NRS is single-item measure for assessing pain 
intensity. Patients rated their foot pain, on average, in 
the past week using a scale from 0 meaning ‘no pain’ 
to 10 meaning ‘pain as bad as can imagine.’ NRS scores 
of 4 or higher have been used as a cutoff for moderate 
levels of pain. The NRS for pain intensity has demon
strated good internal consistency and test-reliability 
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among patients with chronic pain [27,35]. The MCID for 
the 11-point NRS is 2 points [36,37].

Psychosocial measures

Pain catastrophizing and fear of movement were 
assessed with the Pain Catastrophizing Scale (PCS) 
and Tampa Scale for Kinesiophobia (TSK), respectively. 
These were completed at baseline and 6 and 12 weeks.

Pain catastrophizing
The PCS is a 13-item questionnaire that was used to 
examine pain catastrophizing [28]. Patients rated each 
PCS item to the degree they have catastrophic 
thoughts or beliefs on a 5-point scale, where 0 indi
cates ‘not at all’ and 4 indicated ‘all the time.’ Scores on 
the PCS range between 0 and 52, where higher scores 
represent higher levels of pain catastrophizing. PCS 
scores of 20 or higher have been suggested as 
a cutoff for moderate levels of pain catastrophizing 
[38]. The PCS has shown good reliability, internal con
sistency, construct validity, and concurrent validity 
[28,39]. The MCID for the PCS has been reported as 
a 45% change in score [40].

Fear of movement
The TSK is a 13-item questionnaire that was used to 
examine fear of movement. Patients scored each TSK 
item to the degree they felt fearful or concerned about 
certain situations on a scale from 1 to 4, where 1 
indicated ‘strongly disagree’ and 4 indicated ‘strongly 
agree.’ Scores on the TSK range between 13 and 52, 
where higher scores represented a greater fear of 
movement. TSK scores of 37 or higher have been 
suggested as a cutoff for moderate levels of fear of 
movement [38]. The TSK has been found to have good 
internal consistency and test–retest reliability [29,41]. 
The MCID for the TSK is 4 points [42].

Pain sensitivity

Pressure pain thresholds were assessed as a measure of 
pain sensitivity using a hand-held pressure algometer 
(Wagner Instruments, Greenwich, CT) with a 1-cm dia
meter tip. For testing pressure pain thresholds, 
a pressure stimulus was applied to the affected plantar 
fascia (calcaneal attachment) and bilateral upper tra
pezius (midpoint of muscle belly) at a rate of 1 kg/s. For 
each stimulus, participants were instructed to report 
the moment when the pressure sensation first became 
painful. The amount of pressure (in kg/cm2) was 
recorded. A total of three measurements were 
obtained at each site. An average of measurements 
was computed for the affected plantar fascia (local 
pain site) and bilateral upper trapezius (remote anato
mical site) [43]. The test–retest reliability of pressure 
pain thresholds has been established in previous 

studies [44–47]. A pressure pain threshold change of 
1.1 to 1.6 kg/cm2 (112 to 154 kilopascals) at the calca
neal region and 1.2 kg/cm2 (113 kilopascals) at the 
upper trapezius has been reported as indicating true 
change beyond measurement error [45,46]. Pressure 
pain thresholds were assessed at baseline and 6 weeks.

Data analysis

Descriptive data including means, standard deviation 
(SD), and proportions were computed for sociodemo
graphics, clinical, and psychosocial variables. Clinically 
meaningful findings were based on the number of 
patients meeting or exceeding MCID values. 
Exploration of associations was performed for 
a 6-week change in patient-reported outcomes, knowl
edge of pain neuroscience, psychosocial measures, 
and pain sensitivity and 12-week change in patient- 
reported outcomes and psychosocial measures with 
a correlogram from the corrplot package [48] in 
R statistical software [49]. Associations at p-value of 
0.10 or lower were depicted as potentially meaningful 
relationships.

Results

Participants

Thirty-seven consecutive patients were identified for 
potential eligibility. Of these, 20 patients did not meet 
eligibility criteria, six patients were not able to be 
screened for inclusion, and three patients declined 
participation because of lack of interest. The most 
common reasons for ineligibility were a condition 
other than plantar fasciitis (i.e., lateral ankle pain, 
Achilles tendinopathy), pain not being chronic, or con
current trauma to the lower extremity.

Eight patients consented to be part of the study; 
however, one patient withdrew from physical therapy 
after the initial evaluation and was not enrolled in the 
case series. The mean (SD) age of the seven enrolled 
patients was 49.0 (11.4) years (Table 1). All patients 
were female, educated at the college level, and cur
rently working. Four (57%) patients had bilateral symp
toms. At initial evaluation, patient expectations were 
rated highest for physical therapy resulting in more 
physical activity (mean [SD] = 8.4 [1.3]) and lowest for 
physical therapy resulting in complete relief of foot 
pain (mean [SD] = 5.7 [2.9]). At evaluation and follow- 
up time points, all patients reported not taking opioid 
medication for pain.

Physical therapy with pain neuroscience 
education

Patients attended a mean (SD) of 8.7 (1.8) physical 
therapy sessions (range = 7 to 12 sessions) over 
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a mean (SD) of 46.7 (5.5) days (range = 42 to 56 days). 
Documented physical therapy interventions included 
foot and ankle stretching, soft tissue (i.e., plantar fascia) 
and joint (i.e., subtalar joint) manual therapy, intrinsic 
foot and lower extremity strengthening, and proprio
ceptive and balance training. No thermal or electrical 
modalities were used. All PNE sessions were delivered 
weekly as planned and documented by the treating 
physical therapist. Most revised NPQ scores showed an 
increase in knowledge of pain neuroscience after PNE 
(Table 2). Five (71%) patients scored higher after PNE, 1 
(14%) patient’s score stayed the same, and 1 (14%) 
patient had a lower score.

Treatment credibility and acceptability

Table 2 depicts the scores reported by patients for 
treatment credibility and acceptability. Five (71%) 
patients reported a score of 8 or higher for helpfulness 
of PNE and likelihood of recommending PNE to others. 
Five (71%) patients stated their expectations were ful
filled and the remaining two (29%) patients said their 
expectations were partially fulfilled. Six (86%) patients 

stated they were very satisfied or satisfied with their 
overall results following treatment. Regarding the 
most important thing learned or changed because of 
PNE, patients expressed the importance of under
standing pain neurophysiology (‘Need to remember 
that pain can be due to overexcited nervous system 
[Patient 6],’ ‘Pain doesn’t always mean stop movement 
[Patient 3]’) and the need to target pain (‘I have to break 
the pain cycle [Patient 2],’ ‘My body can be trained to 
reduce the pain [Patient 5]’).

Treatment effects on patient-reported outcomes

Individual and mean (SD) scores for foot and ankle 
function (FAAM-ADL) and pain intensity (NRS) are pre
sented in Table 3. At baseline, 3 (43%) patients had 
moderate difficulty in function based on FAAM-ADL 
scores of approximately 50 or lower. All patients 
reported increases on the FAAM-ADL subscale from 
baseline to follow-up at 6 and 12 weeks, indicating 
an improvement in foot and ankle function over time. 
Six (86%) patients met or exceeded MCID for the 
FAAM-ADL at both follow-up time points.

At baseline, all patients had moderate or higher levels 
of pain based on an NRS score of 4 or higher. All patients 
reported a decrease in NRS scores from baseline to 
follow-up at 6 and 12 weeks, indicating a reduction in 
pain over time. Six (86%) patients met or exceeded MCID 
for the NRS at both follow-up time points.

Treatment effects on psychosocial measures

Individual and mean (SD) scores for pain catastrophiz
ing (PCS) and fear of movement (TSK) are presented in 
Table 3. At baseline, two (29%) patients had moderate 
levels of pain catastrophizing based on a PCS score of 
20 or higher. Six (86%) patients reported decreases on 
the PCS from baseline to 6 weeks and all patients 
reported decreases from baseline to 12 weeks, indicat
ing a reduction in pain catastrophizing over time. Four 
(57%) patients met or exceeded MCID for the PCS at 
6 weeks and five (71%) patients met or exceeded MCID 
at 12 weeks.

Table 1. Baseline patient characteristics.

Characteristics
Mean (SD) or 

N (%) Min – Max

Sociodemographic
Age, in years 49.0 (11.4) 29–63
Sex, N (%) female 7 (100)
Race, N (%) White 4 [57]
Ethnicity, N (%) Not Hispanic or Latino 7 (100)
Education, N (%) some college or more 7 (100)
Marital status, N (%) married 4 [57]
Working status, N (%) working 7 (100)
Health-related
Smoking status, N (%) smoking 0 (0)
Body mass index, in kg/m2 36.1 (10.2) 26.1–55.8
Functional Comorbidity Index 1.6 (1.1) 0–3
Clinical
Affected foot

N (%) Right 1 [14]
N (%) Left 2 [29]
N (%) Bilateral 4 [57]

Pain duration, in months 14.0 (9.5) 4–30
Opioid use, N (%) yes 0 (0)
Expectations for physical therapy
Complete relief of foot pain, 1–10 scale 5.7 (2.9) 1–10
Moderate relief of foot pain, 1–10 scale 7.1 (2.4) 3–10
More physically active, 1–10 scale 8.4 (1.3) 7–10
Prevent future disability, 1–10 scale 7.9 (1.9) 5–10

Table 2. Pre-treatment and post-treatment knowledge of pain neuroscience, treatment credibility, and acceptability.
Knowledge of Pain Neuroscience*

Helpfulness of PNE
Likelihood to 

recommend PNE
Expectation 
fulfillment SatisfactionPre-Treatment Post-Treatment

Patient 1 30.8 61.5 8 10 Yes Very satisfied
Patient 2 69.2 69.2 6 6 Partially Satisfied
Patient 3 38.5 69.2 10 10 Yes Very satisfied
Patient 4 30.8 53.8 9 9 Yes Very satisfied
Patient 5 53.8 38.5 8 8 Yes Satisfied
Patient 6 53.8 84.6 6 6 Yes Satisfied
Patient 7 7.7 46.2 9 9 Partially Slightly satisfied
Mean (SD) 40.7 (20.2) 60.4 (15.6) 8.0 (1.5) 8.3 (1.7) - -

Abbreviations: PNE = Pain Neuroscience Education. 
*Knowledge of pain neuroscience measured with Revised Neurophysiology of Pain Questionnaire.
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At baseline, one (14%) had a moderate level of fear of 
movement based on a TSK score of 37 or higher. Six 
(86%) patients reported decreases on the TSK from base
line to follow-up at 6 and 12 weeks, indicating a reduction 
in fear of movement. One (14%) patient’s TSK scores 
stayed the same from baseline to 6 weeks and increased 
at 12 weeks. Five (71%) patients met or exceeded MCID 
for the TSK at both follow-up time points.

Treatment effects on pain sensitivity

Individual and mean (SD) scores for pressure pain 
thresholds at the affected foot and bilateral trapezius 
are presented in Table 4. Pressure pain thresholds of 
the affected foot increased from baseline to 6 weeks in 
6 (86%) patients, indicating reduced local pain sensi
tivity. This change exceeded measurement error in 4 of 
the 6 patients. Only 3 (43%) patients demonstrated 
increased pressure pain threshold at the bilateral tra
pezius, with 1 patient’s score exceeding measurement 
error. No reduction in mean remote pain sensitivity 
was noted from baseline to 6 weeks.

Exploratory associations between 6 and 12-week 
change in measures

Associations between 6 and 12-week change in mea
sures are depicted in Figures 1 and 2. Potentially mean
ingful associations were noted between 6-week change 
in foot and ankle function and pain intensity with 6-week 
change in pain catastrophizing and local pain sensitivity. 

Table 3. Baseline, 6-week, and 12-week foot and ankle function, 
pain intensity, pain catastrophizing, and fear of movement.

Baseline 6-week 12-week

Foot and Ankle Function (FAAM-ADL)
Patient 1 60.7 95.2* 100.0*
Patient 2 47.6 78.6* 72.6*
Patient 3 67.9 97.6* 92.9*
Patient 4 44.0 88.1* 97.6*
Patient 5 73.8 88.1* 97.6*
Patient 6 53.8 84.5* 89.3*
Patient 7 72.4 80.0 76.3
Mean (SD) 60.0 (11.9) 87.4 (7.1) 89.5 (10.9)

Pain Intensity (NRS)
Patient 1 8 0* 0*
Patient 2 6 3* 3*
Patient 3 4 1* 1*
Patient 4 9 3* 2*
Patient 5 6 5 5
Patient 6 7 4* 3*
Patient 7 4 2* 2*
Mean (SD) 6.3 (1.9) 2.6 (1.7) 2.3 (1.6)

Pain Catastrophizing (PCS)
Patient 1 15 3* 0*
Patient 2 11 4* 8
Patient 3 32 24 12*
Patient 4 32 5* 0*
Patient 5 6 6 1*
Patient 6 11 1* 0*
Patient 7 6 6 5
Mean (SD) 16.1 (11.3) 7.0 (7.7) 3.7 (4.8)

Fear of Movement (TSK)
Patient 1 32 16* 14*
Patient 2 22 22 26
Patient 3 37 22* 25*
Patient 4 33 28* 23*
Patient 5 21 13* 20
Patient 6 31 20* 18*
Patient 7 33 30 28*
Mean (SD) 29.9 (6.0) 21.6 (6.1) 22.0 (4.9)

Abbreviations: FAAM-ADL = Activities of Daily Living subscale of the Foot 
and Ankle Ability Measure. NRS = Numeric Rating Scale, PCS = Pain 
Catastrophizing Scale, TSK = Fear Tampa Scale for Kinesiophobia. 

*Indicates change from baseline to each follow-up time point that meets 
or exceeds minimal clinically important difference (MCID) for FAAM-ADL 
(MCID = 8 points), NRS (MCID = 2 points), PCS (MCID = 45% change) and 
TSK (MCID = 4 points).

Table 4. Baseline and 6-week pain sensitivity.
Pressure Pain Threshold 

(Affected Foot)
Pressure Pain Threshold 

(Bilateral Trapezius)

Baseline 6-week Baseline 6-week

Patient 1 4.0 6.3 1.5 2.4
Patient 2 1.8 3.9 2.9 2.0
Patient 3 5.4 6.5 5.1 4.5
Patient 4 4.3 8.3 1.6 3.0
Patient 5 6.3 5.3 3.1 2.1
Patient 6 4.5 5.1 3.9 2.2
Patient 7 8.8 9.5 3.4 3.9
Mean (SD) 5.0 (2.2) 6.4 (1.9) 3.1 (1.3) 2.9 (1.0)

Pressure pain thresholds are in kg/cm2.

Figure 1. Correlogram depicting associations (p < 0.10) 
between change in patient-reported outcomes, knowledge 
of pain neuroscience, psychosocial measures, and pain sensi
tivity from baseline to 6 weeks. Values are correlation 
coefficients.

Figure 2. Correlogram depicting associations (p < 0.10) 
between change in patient-reported outcomes and psychoso
cial measures from baseline to 12 weeks. Values are correlation 
coefficients.
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Six-week change in pain intensity was also associated 
with 6-week change in remote pain sensitivity.

Twelve-week change in foot and ankle function and 
pain intensity was associated with 12-week change in 
pain catastrophizing, while 12-week change in pain 
intensity was also associated with 12-week change in 
fear of movement.

Discussion

In this case series, we have described the credibility, 
acceptability, and preliminary effects of 
a biopsychosocial approach that embeds PNE into 
physical therapy for patients with chronic plantar fas
ciitis. Patients reported the PNE component of our 
treatment was helpful and they would recommend it 
to other patients with chronic pain. Most patients 
reported clinically meaningful improvements at 6 and 
12 weeks in foot and ankle function, pain, pain cata
strophizing, and fear of movement. Additionally, most 
patients demonstrated reduced local pain sensitivity at 
6 weeks. Our descriptive case series suggests that the 
integration of PNE within physical therapy may be 
beneficial to patients with this chronic pain condition.

PNE focuses on content related to the neurobiol
ogy and neurophysiology of pain and pain processing 
within the nervous system. There is empirical support 
that this specific form of education is efficacious in 
improving pain knowledge and catastrophizing and 
reducing disability when combined with other pain 
management strategies [13,50]. We found PNE within 
physical therapy to be credible and acceptable to 
patients. Additionally, our assessment of pain knowl
edge showed most patients were able to understand 
and retain PNE concepts. This is in line with the find
ings of Gallagher et al. [18] who found an improve
ment in knowledge of pain as well as a reduction in 
catastrophic thoughts with the use of a metaphor and 
stories book. In contrast, other studies combining 
intensive in-person education with a workbook only 
noted improvements in pain catastrophizing [22]. In 
our case series, patients reported a mean improve
ment of approximately 20% on the Revised NPQ. Prior 
studies of PNE have shown pain knowledge improve
ments of similar magnitude (i.e., 27%) in a variety of 
participant groups [51]. Importantly, not all patients 
in the current case series improved their pain knowl
edge and a few patients had low post-treatment 
scores. We did not observe a consistent pattern or 
association linking improvements in pain knowledge 
with clinical outcome improvement. We do note, 
however, that the 2 patients who had the lowest 
post-treatment pain knowledge scores (patients 5 
and 7) were the only patients that did not exceed 
MCID in both clinical outcome measures. Further 
investigation is needed to establish whether pain 
knowledge is a potential mediating factor of the 

effects of PNE and patient-reported outcomes in this 
population.

Embedding PNE within physical therapy was feasi
ble. Each PNE session was approximately 15 minutes, 
which could fit within clinical session templates of 
busy outpatient settings. Similarly, Louw et al. [51] 
recently demonstrated the immediate benefits of 
a brief 15-minute PNE session in patients with recent 
onset low back pain. To facilitate learning and to 
enhance standardization of PNE, we used a low-cost 
workbook. The use of the workbook also enhanced 
feasibility due to the patient-friendly curriculum and 
layout, which facilitated meaningful discussions 
between patient and clinician. Our study showed it 
was possible to implement PNE by clinicians who had 
no formal entry-level PNE training within their clinical 
degree programs and with varying levels of post- 
graduate PNE coursework and experience (e.g., ran
ging from no prior PNE experience to some PNE train
ing within physical therapy residency). All of the study 
physical therapists completed two sessions of PNE 
training, which represents a minimal burden for train
ing in a psychosocial-based strategy. The workbook 
may be useful for clinicians who lack extensive training 
in PNE and allow this potentially beneficial psychoso
cial treatment strategy to be widely implemented.

Nearly all our patients demonstrated clinically 
meaningful change in function and pain intensity 
after treatment. Specifically, patients exhibited a 29.5 
point mean improvement in FAAM-ADL scores and a 4 
point mean reduction in NRS ratings at 12 weeks. This 
is a larger magnitude of effect following physical ther
apy than was observed by McClinton and colleagues 
[52] among 25 patients with chronic (e.g., duration 
>7.2 months) plantar fasciitis. The relatively larger out
come effect seen in the current study could relate to 
differences in the enrolled cohorts, outcome time 
points, or content and duration of physical therapy. 
For example, patients in the prior study by McClinton 
et al. [52] received 6 physical therapy sessions without 
PNE over 4 weeks and were reassessed at 6 months, 
while patients in the current case series received 7 to 
12 sessions including PNE over 6 to 8 weeks and reas
sessed at 3 months.

We also observed similar improvement in pain cat
astrophizing, fear of movement, and local pain sensi
tivity, which suggests that our biopsychosocial 
approach may have had a meaningful impact on our 
theoretical treatment targets. While exploratory, we 
also noted potentially meaningful associations 
between changes in these variables and our outcome 
change in function and pain at 6 and 12 weeks. These 
results, however, require further evaluation and con
firmation in studies with larger sample sizes. Prior stu
dies in patients with musculoskeletal pain have shown 
improvements following PNE for pain catastrophizing, 
fear of movement, and pain sensitivity [13]. PNE 
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emphasizes the reconceptualization of pain. 
Specifically, patients learn that pain can occur due to 
sensitivity of the nervous system as opposed to tissue 
damage. This enhanced understanding of pain can 
address unhelpful thoughts related to pain, which 
can prompt patients to overcome fear of moving or 
participating in activities due to the presence of pain 
[13,53]. Interestingly, one patient showed worsening 
scores from 6 to 12 weeks in pain catastrophizing 
(patient 2) and three patients showed worsening 
scores from 6 to 12 weeks in fear of movement 
(patients 2, 3, and 5). It may be the case that in some 
patients, PNE may need to be augmented with other 
cognitive-behavioral strategies within physical therapy 
or reviewed and applied over a longer period of time.

Importantly, we paired PNE with guideline- 
informed physical therapy, which includes manual 
therapy and therapeutic exercise. Manual therapy is 
an evidence-based intervention for this patient popu
lation [54]. Through PNE, patients understand how 
pain can be modulated through nervous system pro
cesses. This understanding is important for educating 
patients on how interventions like manual therapy 
elicit a therapeutic effect. For example, manual ther
apy, including soft tissue and joint-based techniques, 
can influence pain modulation through peripheral and 
central nervous system mechanisms [55,56]. Using PNE 
language, patients can be offered explanations on how 
manual therapy can be useful for reducing pain, alter
ing pain sensitivity, and improving outcomes [57].

Limitations

This case series is a small descriptive study. We did 
not meet our initial targeted recruitment of 20 
patients within 6 months due to lower than antici
pated volume at our clinic. We ultimately halted our 
extended recruitment due to the onset of the COVID- 
19 pandemic. The non-experimental design limits 
conclusions regarding the efficacy of embedding 
PNE within physical therapy for plantar fasciitis. 
Randomized controlled trials are needed to deter
mine whether there is an additive value of incorpor
ating PNE within the plan of care. We depict 
preliminary associations between change in outcome 
measures with potential pain-mediating factors. We 
did not explore additional associations with other 
factors such as expectations or satisfaction. Caution 
should be used in interpreting our reported associa
tions as larger sample sizes are required for estimat
ing relationships with greater accuracy and precision. 
We recruited consecutive patients attending physical 
therapy; however, our sample was restricted in demo
graphics to female patients. Higher prevalence of 
plantar fasciitis has been reported among females 
[1], yet our intention was not to enroll a subset 
based on sex. Thus, our description of PNE effects 

lacks generalizability to males. We did not intention
ally target PNE to patients with high levels of pain 
catastrophizing or fear of movement. Despite this, we 
observed clinically meaningful changes in PCS and 
TSK scores in this sample. Future work should target 
PNE to patients at higher psychosocial risk. We did 
not report longer term outcome scores or track addi
tional non-opioid medication use. Additional studies 
should aim to establish the effects of PNE beyond the 
intermediate time frame and consider whether this 
intervention can influence both opioid and non- 
opioid pain medication use.

Conclusion

In summary, embedding PNE within physical therapy 
for patients with chronic plantar fasciitis is a promising 
and feasible biopsychosocial approach to pain man
agement. We found that over a short time frame, 
patients demonstrated clinically meaningful improve
ment in foot and ankle function, pain, and psychoso
cial factors. This prospective case series provides useful 
data for informing larger prospective trials.
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