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Female, 65-year-old

Fibromyalgia ¢ neck pain radiculopathy e rotator cuff injury bilaterally
Chronic pain

Manual therapy ¢ pain neuroscience education

Rehabilitation

Unusual or unexpected effect of treatment

Persistent pain is one of the most common reasons individuals seek healthcare in the United States, costing
$635 billion annually. At present, the medical literature outlines many treatments for persistent pain. Pain neu-
roscience education (PNE) is described in the literature as an educational intervention for patients with persis-
tent pain that can be applied by a physical therapist. There is limited research on the application of PNE by a
student physical therapist; however, this case report offers a unique opportunity to examine outcomes for this
intervention when applied by a student physical therapist in conjunction with manual therapy and therapeu-
tic exercise.

This case report examined the outcomes of PNE for a 65-year-old patient with a long-standing history of low
back, cervical, shoulder, knee, and foot pain. Interventions included 7 sessions of PNE over 4 weeks delivered by
a student physical therapist, in combination with manual therapy and exercise prescribed by a licensed phys-
ical therapist. Outcomes measured were fear avoidance belief questionnaire, visual analog scale, Tampa scale
of kinesiophobia, neurophysiology of pain questionnaire, neck disability index, and Oswestry disability index.
Outcomes included clinically significant decreases in subjective pain level, and kinesiophobia; however, there
was only a minimal decrease in fear avoidance and no decrease in perceived disability. This case report pro-
vides preliminary evidence that positive outcomes can be achieved when PNE is delivered by a student physi-
cal therapist combined with manual therapy and therapeutic exercise from an expert clinician for patients with
persistent musculoskeletal pain.

Chronic Pain ¢ Physical Therapy Modalities ¢ Teaching
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Background

Persistent pain, also referred to as chronic pain, [1] contributes
to a massive burden on the American population. Fifty million
American adults report living with persistent pain and it is the
number one reason that individuals seek healthcare [1,2]. The
International Association for the Study of Pain (IASP) has de-
fined pain as “an unpleasant sensory or emotional experience
associated with, or resembling that associated with, actual or
potential tissue damage” [3]. The IASP further defines chron-
ic or persistent pain as pain that has persisted past the point
of normal tissue healing, or longer than 3 months [4]. The bio-
medical model, which correlates tissue damage to pain level,
does not adequately explain situations in which tissue dam-
age is no longer present but pain persists [6]. Recent research
in pain neurophysiology has advanced theories explaining per-
sistent pain perception in the absence of pathology [1,7,8]. The
primary theories cited in the literature emphasize peripheral
sensitization, central sensitization, altered central processing
of sensory stimuli, and inclusion of contextual factors such as
psychosocial, environmental, and cognitive processes around
the perception of pain [1,7,8]. Risks factors have been iden-
tified that may promote or facilitate or contribute to the de-
velopment of persistent pain. These include female gender,
higher body mass index, incidence of persistent pain in other
areas of the body, and psychological factors such as anxiety,
depression, and stress [9].

Current evidence-based recommendations for physical ther-
apy management of patients with persistent musculoskeletal
pain include patient-centered care, assessment of psychoso-
cial factors, use of imaging with discretion, and incorporation
of manual therapy, exercise, and education [10]. More specif-
ically, the education should be intended to explain the neu-
rophysiology of pain to a patient. Pain neuroscience educa-
tion (PNE) as a modality to educate patients on persistent
pain mechanisms has been reported to be useful for reducing
pain level, kinesiophobia, and disability, and addressing cog-
nitions related to healthcare use [10,11]. At present, it is diffi-
cult to comment on the format of PNE, as studies show heter-
ogenous interventions and outcome measures, which tempers
the strength of conclusions that can be drawn [12].

The first pain neuroscience education concepts appeared in
the literature in 2002 by Lorimer Moseley [13] in a random-
ized controlled trial for patients with low back pain. PNE has
been given various names, including but not limited to, pain
biology education, pain neurophysiology education, and neu-
roscience education [14,15]. The intervention content varies
from author to author, but the main concepts behind the con-
tent are uniform [12-15]. Overall, PNE is an educational inter-
vention intended to explain to the patient the concepts of the
neurophysiology of pain, nervous system sensitization, spinal
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inhibitory mechanisms, plasticity of the nervous system, and
psychosocial factors that contribute to the persistent pain ex-
perience [12-15]. This is completed through a series of inter-
treatment educational modules spread throughout an episode
of care [12-15]. The modules include face-to-face contact with
visual aids, examples, and metaphors to promote patient un-
derstanding [12-15]. The duration and frequency of the edu-
cational sessions is not uniform in the literature, varying from
30 minto 4 h [12-15].

Pain neuroscience education links the pathoanatomical mod-
el of tissue damage and the neurophysiological and psycho-
social factors that are inherent in the persistent pain experi-
ence [12]. The goal is to help patients reconceptualize their
pain experience by providing educational content which can
decrease the focus on anatomical damage, reduce fear avoid-
ance, reduce kinesiophobia, and improve self-efficacy [12]. PNE
is combined with adjunct therapy treatments such as manu-
al therapy, exercise, and neural mobilization [12]. There are
varying opinions on the exact dosage, frequency, and content
of a PNE intervention at this time [12].

The literature on PNE has been focused on musculoskele-
tal pain syndromes in various body regions. The most preva-
lent research is on low back pain. Studies done by Malfliet et
al [16] and King et al [17] indicate that PNE created positive
improvements in kinesiophobia, fear avoidance, knowledge
of pain neurophysiology, and pain ratings. In a systematic re-
view of PNE for a variety of musculoskeletal pain syndromes,
Louw et al [12] found that there are significant changes in fear
avoidance, pain self-efficacy, and numeric pain rating with both
short- and long-term measures. The literature also supports
use of PNE for chronic fatigue syndrome [18].

There are some guidelines on identifying possible factors that
indicate the need for PNE [21-23]. Nijs et al [21,22] report cen-
tral sensitization (CS), rumination, hypervigilance, and high lev-
els of perceived illness all help to determine patients that are
likely to benefit from PNE. They also report that there are sev-
eral markers that indicate the presence or increased risk of CS.
This includes specific medical diagnoses such as chronic whip-
lash disorders and persistent low back pain, patient reports of
hypersensitivity, disproportional pain ratings, and psychoso-
cial factors [21]. Finally, objective measures that indicate CS
include hypersensitivity to temperature, sharp, dull, palpation,
and pressure pain thresholds both at the site of injury and at
remote sites. A survey by Louw et al [23] found that clinicians
who regularly perform PNE identified characteristics such as
high fear avoidance, CS, and multiple failed treatments as pos-
sible prognostic indicators of success with PNE.

The purpose of this case report was to describe the prescrip-
tion of and outcomes following PNE interventions by a student
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physical therapist with a patient with multi-regional musculo-
skeletal persistent pain.

Case Report

Patient History and Systems Review

The patient was a 65-year-old, mesomorphic, English-speaking
woman presenting to physical therapy with multi-regional pain
involving the neck and left shoulder developing insidiously 6
weeks prior to initial examination and who had been receiving
physical therapy management up to this point. The patient re-
ported neck and shoulder pain that was 6/10 on the 11-point
numerical pain rating scale (NPRS). The neck and shoulder
pain, which at worst reached a 9/10 on an NPRS scale, had
improved minimally over the last 6 weeks and varied in inten-
sity, with a lowest reported pain level of 6/10 and an average
pain level of 7/10. According to Smart et al [24], dispropor-
tional pain ratings have been implicated in states of CS. The
patient reported aggravating factors for her neck and shoul-
der, included standing, walking for extended periods, trans-
ferring from sit to stand, turning the neck while operating a
motor vehicle, and reaching overhead to high shelves. The pa-
tient had been functionally limited in her activities of daily liv-
ing (ADL), including recreational gardening, and extended pe-
riods of activity such as exercise or cleaning the house. The
patient’s level of function was limited based on multi-region-
al pain. The patient subjectively reported her pain often lim-
ited her from activities, and she was afraid to aggravate her
condition with physical activity, indicating fear avoidance be-
liefs. Fear avoidance has been implicated in states of CS [24].
The patient also reported a history of low back and left hip
pain starting in 1982, as well as left lateral foot pain. The pa-
tient rated her low back and left hip pain as 4/10 at the time
of examination. Her left lateral foot pain was rated 4/10 at
the time of examination.

Her past medical history included a motor vehicle accident that
occurred in 1982 followed by multiple lumbar surgeries includ-
ing laminectomy and fusion from L1 to S1, left anterior cruci-
ate ligament reconstruction, osteoarthritis of bilateral knees,
fibromyalgia, hypertension, asthma, and blepharospasm. The
patient’s goal was to reduce pain, improve range of motion
in her left shoulder, and be able to perform gardening for ex-
tended periods. Yellow flags included fear avoidance behav-
iors, high subjective pain ratings, and multiple regions of re-
ported pain. A review of systems revealed no medical red flags.

Examination

To obtain an objective measure of her upright posture, the cra-
niovertebral angle (the angle between a line from the spinous
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process of C7 to the meatus of the ear and a horizontal line
from C7) was determined, which was 48°. A craniovertebral
angle below 53° is considered forward head posture [25]. She
displayed an increased thoracic kyphosis and was not able to
actively decrease the curve. Cervical active range of motion
findings included limitations in all directions, with greatest
deficits in left rotation (0-40°), left side bending (0-20°), and
extension (0-15°). Active range of motion for left rotation and
left side bending provoked pain. Cervical passive range of mo-
tion revealed similar limitations, with the greatest deficits in
left rotation (0-48°), left side bending (0-25°), and extension
(0-21°). Passive range of motion with overpressure revealed a
painful end feel in left rotation, left side bending, and exten-
sion. Manual muscle testing of the muscles of the cervical spine
and the muscles of the shoulder girdle showed strength of 4/5
in all directions. However, the patient was weak and painful
in left shoulder abduction and external rotation was graded
3+/5. Passive intervertebral motion testing revealed hypomo-
bility throughout the craniovertebral, lower cervical, and upper
thoracic regions for forward bending, left side bending, bilat-
eral rotation, and backward bending. Cervical quadrant, dis-
traction, compression, and upper limb neural tension test for
the median nerve were all positive, reproducing her familiar
pain in the cervical spine and left arm. Smart et al [26] report-
ed that positive neural tension tests and history of neurolog-
ical tissue compromise are implicated in states of peripheral
neurogenic pain. Palpation revealed tenderness and hyperto-
nicity in the left cervical paraspinals, as well as tenderness of
the supraspinatus and biceps long head tendons.

At the onset of treatment using PNE, the visual analog scale
(VAS) was used to determine subjective pain rating. This scale
is valid and reliable for pain measurement for persistent mus-
culoskeletal pain [27]. At the time of initial outcome measure-
ment, the patient reported 61 mm out of a 100 mm scale on
the VAS. Her fear avoidance beliefs questionnaire (FABQ) score
was 35/96, indicating the patient was fear-avoidant of physi-
cal activity and work-related duties. Cleland and Fritz [28] de-
termined the FABQ is valid for measurement of fear associat-
ed with musculoskeletal damage and is able to differentiate
tissue damage from psychological processes of fear related to
physical activity and work. The FABQ physical activity subsec-
tion score was 20/24, and the FABQ work subsection score was
12/42. The FABQ physical activity subsection score indicates
the patient correlates high levels of fear avoidance behaviors
with physical activity such as exercise or ADLs [28]. The pa-
tient had been retired for several years; therefore, the FABQ
work subsection was not relevant. This could account for the
low score in the work subsection in the initial measure, indi-
cating a low level of fear avoidance. There is varying research
on cut off scores using the FABQ. Recently, Williams [29] indi-
cated patients with a score greater than 15/24 on the FABQ
physical activity scale may benefit from cognitive behavioral
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approaches such as PNE. The Tampa Scale of Kinesiophobia
(TSK) score was 49/68 with a cut off score of 35/68, indicating
a high level of kinesiophobia as reported by Meier et al [30].
According to Lundberg et al [30], this scale measures fear asso-
ciated with movement that is not region-specific. The Oswestry
Disability Index (ODI) score was 62% disability, which placed
her in the “crippled” category [32]. The ODI has been deemed
valid and reliable for measuring perceived disability in pop-
ulations with low back pain [33]. The Neck Disability Index
(NDI) score was 58% perceived disability, which placed her in
the “severely disabled” category [34]. The Neurophysiology of
Pain Questionnaire (NPQ) score was 9/19. The NPQ measures
the patients understanding of the biological process of pain.
There is limited published research investigating NPQ validity,
clinically meaningful change, or the relationship among pain,
function, and score [35]. It has been validated in a Rasch anal-
ysis to assess patient understanding of the biological mech-
anisms of their pain and evaluate effects of cognitive behav-
joral interventions [35]. It has been described by Moseley as
a useful measure of patients’ understanding of neurophysio-
logical pain concepts [35].

Clinical Impression

The patient presented with subjective reports that indicated
fear avoidance, and a disproportional pain rating both described
in the literature as related to CS and persistent pain [24]. The
objective tests and measures showed positive test results with
neural tissue tension techniques, indicating peripheral neuro-
pathic pain as well [26]. The outcome measures indicated the
patient had clinically significant levels of fear avoidance be-
haviors, kinesiophobia, and low knowledge of pain neurophys-
iology concepts, while also presenting with high levels of per-
ceived disability from cervical and low back regional disability
measures. Based on the information gathered, it was deemed
appropriate to provide a PNE intervention for this patient. The
rationale for this decision was based on research evidence
[12,21,22] indicating that patients presenting with the above
findings may benefit from a PNE intervention.

Interventions

The patient was seen for 7 visits over the course of 4 weeks.
She was seen on Tuesday and Thursday in the first 3 weeks
and on Tuesday in week 4. Each treatment involved a one-on-
one educational module lasting approximately 15 min with col-
or visual aids to supplement examples given and aid in patient
understanding (Table 1) [12]. The PNE content sequence was
1) peripheral sensitization 2) descending inhibition 3) central
processing of pain 4) psychosocial overload 5) pain neuroma-
trix 6) neurogenic inflammation 7) somatosensory smudging
8) biological adaptability 9) threat perception. These mod-
ules and sequence were developed by the student physical

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

€932212-4

O’Connor M. et al:
Pain neuroscience education
© Am J Case Rep, 2021; 22: 932212

therapist based on a review of prior literature on PNE inter-
ventions [12-15,36]. Each educational module was completed
in conjunction with other physical therapy interventions pro-
vided by the same licensed clinician, who had 28 years of ex-
perience in manual therapy. Treatment interventions included
manual therapy, neural mobilizations, trunk stabilization, and
strengthening exercises for the upper and lower extremities
(Table 1). At each follow-up visit the student physical thera-
pist completed a short verbal review of the previous session’s
material to reinforce previously covered material. The student
physical therapist also asked about the progression of the pa-
tient’s symptoms since last treatment, using this time to re-
inforce prior concepts in reference to recent events in the pa-
tient’s subjective reports. The educational content in each visit
was revisited several times during the course of that session,
as appropriate.

At the first visit where PNE was applied, the patient was asked
if she was interested in learning more about her pain. The pa-
tient reported she was interested and accepted the conversa-
tion. Analogies to explain the role of the peripheral nervous
system and peripheral sensitization were introduced using the
analogy of an alarm system with a decreased threshold for dan-
ger. Next, the analogy of the ion channels as sensors for dif-
ferent types of afferent information was used to explain how
the nervous system receives information. The analogy com-
pared these sensors to an automatic door that opens with mo-
tion. This module continued to explain how many factors can
be involved in the sensitivity of the nervous system, includ-
ing stress and movement. The patient responded that she un-
derstood the material but felt her situation was different. She
cited her extensive past medical history and tissue damage as
the reason for her persistent pain. The manual therapy treat-
ment consisted of a supine thoracic manipulation at the T3-4
segments at a Maitland grade 5. Thoracic manipulation has
been shown to have positive effects for patients with neck
pain, reducing pain, improving dysfunction and posture, and
increasing neck ROM [37,38]. Left rotational Sustained Natural
Apophyseal Glide (SNAG) targeting C5-6 and C6-7 segments
for increased range of motion were performed as well. SNAGs
have been shown to be a safe and effective treatment method
to restore cervical range of motion [39]. She underwent poste-
rior and inferior glenohumeral joint manipulation at a Maitland
grade 4. The patient participated in neural mobilization with
a median nerve bias and strength exercises focusing on the
deep neck flexors, shoulder abduction, and external rotation.
She was instructed in an augmented home exercise program
to carry over her treatment effects.

During the second session there was a short review of the ini-
tial visit concepts. The patient reported she was feeling sor-
er today and stated she felt it may be because her nervous
system was more sensitive. The session then proceeded with
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Table 1. Pain neuroscience education curriculum and treatment data.

Visit

PNE
content

1

Sensitive
nervous
system alarm
analogy

to explain
peripheral
sensitization,
nerve sensor
analogy

to explain
nociceptors,
visual aids

2

Spreading
pain alarm
system
analogy

to explain
sensitization
and spreading
pain, calming
sensitive
nerves and
pain as a
gauge for
activity, visual
aids

3

Brain as the
CEO analogy
for central
processing
of pain,

wet brain
analogy for
descending
inhibition,
visual aids

4

Measuring
cup
analogy for
psychosocial
overload,
Snake
entering
the home
analogy for
prolonged
stress
response,
visual aids

5

Inflammatory
soup
analogy for
neurogenic
inhibition,
Map analogy
for pain
neuromatrix,
visual aids

6

Movement
map analogy
for fear
avoidance
of pain with
movement,
Smudged
map for
somatosensory
smudging,
visual aids

Callus
formation
for biological
adaptability,
speeding

car analogy
for threat
perception,
phantom
limb pain
analogy for
pain as a
brain output,
visual aids

Manual
therapy

Joint
manipulation
C5-7 right,
Upper
thoracic
T3-T4 supine,
HG joint
posterior
and inferior
glide, neural
mobilizations
left upper
extremity
with median
nerve focus

Joint
manipulation
C5-7 right,
Upper
thoracic T3-4
supine, GH
joint posterior
and inferior,
neural
mobilizations
left upper
extremity
with median
nerve focus

Joint
manipulation
C5-7 right,
Upper
thoracic
T3-4 supine,
GH joint
posterior
and inferior
glide, neural
mobilizations
left upper
extremity
with median
nerve focus

Joint
manipulation
C6-7 right,
Upper
thoracic T72-4
supine, 1%t rib
seated, GH
joint inferior
glide, neural
mobilizations
left upper
extremity
with median
nerve focus

Joint
manipulation
C6-7 right,
Upper
thoracic T2-4
supine, 1% rib
seated, GH
joint inferior
glide, neural
mobilizations
left upper
extremity
with median
nerve focus

Joint
manipulation
C6-7 right,
Upper
thoracic T2-4
supine, 1%t rib
seated, GH
joint inferior
glide, neural
mobilizations
left upper
extremity with
median nerve
focus

Joint
manipulation
upper
thoracic T2-4
supine, 1% rib
seated, GH
joint inferior
glide, neural
mobilizations
left upper
extremity
with median
nerve focus

Therapeutic
exercise

Core
stabilization
progression,
UE
strengthening

Rotator cuff
strengthening,
UE
strengthening

Core
stabilization
progression,
rotator cuff
strengthening

Core
stabilization
progression,
static
balance
interventions

Core
stabilization
progression,
UE
strengthening

Core
stabilization
progression,
rotator cuff
strengthening,
LE
strengthening

Core
stabilization
progression,
UE
strengthening

C - cervical; GH — glenohumeral; LE — lower extremity.

an explanation of the reasons behind spreading pain and a
sensitive nervous system, using a similar alarm metaphor. In
this case, the alarm cannot be shut off; therefore, nearby ar-
eas may become more sensitive as a result. The education-
al module next focused on the use of exercise as a modality
to calm a sensitized nervous system. The patient was educat-
ed on the rating of perceived exertion scale and the use of
a numerical pain rating scale as a guide for activity. The pa-
tient was encouraged to maintain daily physical activity, with
the understanding that pain may not correlate to tissue dam-
age [5]. The patient had similar verbal responses to the ini-
tial treatment, also citing inflammation as the cause of her
persistent pain. The manual therapy treatment this visit con-
sisted of a supine thoracic grade 5 manipulation at the T3-4
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segments, left rotational SNAG targeting C5-6 and C6-7 seg-
ments, and posterior and inferior glenohumeral joint grade 4
manipulations for the glenohumeral joint. The patient again
participated in neural mobilization with a median nerve bias
and strengthening exercises focusing core stabilization, deep
neck flexor strengthening, left shoulder abduction, and exter-
nal rotation. Her augmented home exercise program was re-
viewed and upgraded.

Prior to the third treatment, the patient completed the orig-
inal outcome measures to track changes in function. At this
session, an introduction to the brain’s role in pain was pro-
vided. The analogy used explained the brain as the CEO of the
body, as it is critical in monitoring afferent information and
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may become hypersensitive to sensory signals. Next, the con-
cept of descending inhibition was explained, using a wet brain
analogy. This analogy explained the role of the endogenous
opioid theory and how physical therapy and daily activity is
intended to activate this system to modulate the pain expe-
rience. The patient reported she understood the concept but
felt that her extensive lumbar surgical history changed her sit-
uation. She also stated she enjoys physical activity but feels
some days she overdoes it and has debilitating soreness in
the following days. The therapist took time to encourage ac-
tivity to create changes in nervous system sensitivity and ac-
tivation of endogenous mechanisms [40]. The manual therapy
interventions during the third visit were the same as in visit 2.

Session 4 began with a discussion of emotional overload and
the pain experience. The analogy of a measuring cup was used
to explain how emotions such as fear, stress, and anxiety can
contribute to the musculoskeletal pain experience. The pa-
tient cited her seemingly failed surgical procedures and pri-
or treatments as sources of stress and possibly a source for
increased pain perception. Next, an explanation of prolonged
stress response and its role in persistent pain occurred. The
analogy of a snake entering the patient’s home and following
her around was used to explain how elevation of stress-relat-
ed hormones can alter the perception of sensory information
in an adverse way. The example of failed treatments and per-
sistent pain as stressors was used to tie the analogy into the
patient’s life experiences. The patient replied that she fully un-
derstands how stress can contribute to pain, as she gave re-
cent examples where she found this to be true. The manual
therapy intervention was the same as in visit 3, with the ad-
dition of a supine thoracic grade 5 manipulation at the T2-3
segments and a seated grade 5 manipulation to the 15 rib on
the left. She received her strengthening exercises, and static
standing balance activities were added to her program. She
was received an augmented home exercise program

The educational module in session 5 focused on neurogen-
ic inflammation and the pain neuromatrix theory. Neurogenic
inflammation was explained using the analogy of inflamma-
tory soup at the site of injury. The patient was educated on
the mechanisms of neurologically mediated inflammation that
may occur with stress and the ability of these inflammatory
chemical to induce afferent signals at a level sufficient to re-
produce pain [41]. Next, the pain neuromatrix was explained
using the analogy of memory. Visual aids demonstrated how
the brain creates connections based on previous information
that represent the brain’s understanding of stimuli. The com-
parison of a memory of a loved one and the pain experience
as an output from the brain was used. The patient stated she
understands the brain must be involved in pain but does not
feel she understands how it can be an output. The secondary
example of an optical illusion was used to further compare
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the vision to somatosensory input and compare the role of
the brain in these experiences. The manual therapy interven-
tions were the same as in visit 4.

The sixth treatment session made connections of the pain neuro-
matrix theory and the motor cortex using the analogy of a road
map. The analogy explains how central nervous system centers
related to movement may become connected to an individual’s
pain neuromatrix signature via neuroplasticity causing the acti-
vation of a painful experience in non-threatening motions [41].
The second analogy explained was to reiterate the pain neu-
romatrix theory and the output of pain experiences from the
brain. This analogy used phantom limb pain as an example of
the absence of tissue damage can still produce a painful expe-
rience. The patient reported she understands the information
but is having a hard time staying active at home because of her
persistent pain. The manual therapy interventions remained the
same. Her augmented home exercise program was reviewed.

At the beginning of the last treatment session, the patient was
asked if she had any questions regarding the information that
was discussed over the last 6 sessions. The patient replied that
she understands how the brain is involved in persistent pain
but cited direct tissue damage and inflammation as the 2 main
drivers of her pain. The concept of pain as a multisystem ex-
perience was reiterated and the goal of this intervention was
to give the patient tools to navigate her pain experience and
promote function in spite of the seemingly somatic experience
she was perceiving. The final analogies included the concept of
biological adaptability through the example of callused hands.
It was explained that the nervous system adapts to the stress-
es placed on it with the goal of reducing sensitivity over time
with movement-based therapy. Following this, a review of the
education provided over the last 7 treatments was complet-
ed. The patient reported she understands that pain is compli-
cated, and she feels her situation is different than that of the
average person, as she again cites her extensive past medical
history, tissue damage, and inflammation as the main drivers
of her persistent pain. The manual therapy treatment this vis-
it consisted of a supine thoracic grade 5 manipulation at the
T2-4 segments, and posterior and inferior glenohumeral joint
grade 4 manipulations for the glenohumeral joint. The patient
underwent neural mobilization with a median nerve bias and
strengthening exercises focusing on core stabilization, deep
neck flexor strengthening, and left shoulder abduction and ex-
ternal rotation. She was instructed to continue participating
in her augmented home exercise program.

Results

The outcome measures were completed at the beginning of
the treatment period, at visit 3 midway through the treatment
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Table 2. Outcome measure data.

Outcome measure Measure 1
31/50
oDl -
29/50
NDI .
NPQ 9/19
TSK 49/68
FABQ 35/96
FABQ — Work 12/42
FABQ — Physical Activity 20/24
VAS 61 mm/100 mm

Measure 2 Measure 3

27/50 26/50

54% 52%
"""""""""" syso 3150

62% 62%

13/19 15/19

47/68 43/68

65/92 62/92
"""""""""" 542 2642
"""""""""" 2024 1724

62 mm/100 mm 45 mm/100 mm

ODI — Oswestry Disability Index; NDI — Neck Disability Index; NPQ — Neurophysiology of Pain Questionnaire; TSK — Tampa Scale of
Kinesiophobia; FABQ — Fear Avoidance Belief Questionnaire; VAS — Visual Analog Scale.

period, and at the final treatment session (Table 2). Overall,
there were clinically meaningful changes in VAS and TSK scores.
The ODI, FABQ, and NDI showed no clinically significant chang-
es. The NPQ showed a steady improvement; however, it is dif-
ficult to determine whether this change is significant because
MCID has not been determined for the NPQ [35]. Visual analog
scale pain rating decreased 26%, or 16 millimeters, which meets
the minimal clinical important difference (MCID) threshold of
7 millimeters as reported by Carlsson [27]. The ODI decreased
from 62% to 52%, which does not meet the MCID as reported
by Vianin [33]. The FABQ decreased by 4.6% which does not
meet the MCID of 30% as reported by Vernon et al [34]. There
was a clinically significant change in the TSK measure of 12%,
or 6 points, which is beyond the threshold of 5.5 points con-
sidered a minimal detectable change as reported by Lundberg,
indicating a significant change in kinesiophobia [30]. There
was steady improvement of pain neurophysiology concepts,
from 13 out of 19 to a final measure of 15 out of 19. Again, it
is difficult to determine whether this change is significant be-
cause MCID has not been determined for the NPQ [35]. NDI
score increased for recreational activities and decreased with
lifting objects, for no net NDI change overall. Subjective re-
ports indicated the patient maintains thoughts that tissue
damage is associated with pain despite indicating changed
knowledge of persistent pain mechanisms on the pain neuro-
physiology questionnaire.

Discussion

The purpose of this case report was to describe the use of a
PNE intervention prescribed by a student physical therapist in
combination with manual therapy applied by an experienced
clinician with a patient with persistent musculoskeletal pain.
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PNE has been shown to be helpful in the management of per-
sistent musculoskeletal pain [15,21,20]; however, its effective-
ness when applied by a student physical therapist is unreported
to date. The patient presented with high levels of kinesiopho-
bia, fear avoidance, and self-perceived disability demonstrat-
ed in the subjective history and with more formal outcome
measures. She also had an extended history of prior trauma
and medical management that may have contributed to the
development of persistent pain [42]. Objectively, the patient
had diffuse tenderness to palpation at multiple regions, and
positive neural tension tests. Hypersensitivity attributes indi-
cate a CS mechanism of pain, which been shown to respond
well to PNE [24]. There also appears to be peripheral neuro-
genic mechanisms of pain indicated with positive upper limb
neurological tension test results [26]. The clinical presenta-
tion of this patient prompted the student physical therapist
to provide a PNE intervention in consultation with the treat-
ing physical therapist based on previous literature describing
its efficacy [15,21,22,24].

The goal of PNE is to provide patients with tools to reconcep-
tualize their persistent experience and decrease the focus on
anatomical damage, reduce fear avoidance, reduce kinesio-
phobia, and improve self-efficacy [12]. This patient continued
to reports pathoanatomical mechanisms of pain, citing inflam-
mation and damaged tissue as the main sources of her persis-
tent pain throughout the PNE treatment sessions. Subjective
reports indicated the patient understood and tried to apply the
concepts being taught, but did not believe they fit her condi-
tion. Despite these reports, there was a clinically significant
improvement in kinesiophobia and pain rating after 7 ses-
sions as measured with the TSK and VAS. Based on these re-
sults, there seems to be a disconnect between subjective re-
ports and objective measures. PNE represents a modality to
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create behavior change by encouraging the patient to recon-
ceptualize persistent pain as a sensitive nervous system and
attempt to engage in physical activity in spite of subjective
reports. In this case, the patient might be showing behavior
change in objective measures without demonstrating them
in subjective reports.

The transtheoretical model of behavior change is the model
used to describe health-related behavioral change [43]. This
model was developed by Dr. James Prochaska and Dr. John
Norcross in 1977 [43]. They described 5 stages that individu-
als progress through when creating change in their life. The
stages include precontemplation, contemplation, preparation,
action, and maintenance. This model has been useful in ar-
eas such as smoking cessation, heart disease management,
and physical activity in chronic disease states [44]. In the pre-
contemplation and contemplation stages, individuals have
yet to attempt to make behavior changes and are unlikely to
apply PNE concepts to their physical activity. The patient de-
scribed was likely progressing through the first 2 stages of
this model and may have not been ready to make changes to
her health habits.

There are many possible reasons that contribute to the lack
of results in perceived disability and fear avoidance. It may
have been useful for the student physical therapist to have an
understanding of behavior change techniques in order to fa-
cilitate the progression through these stages of change. This
may be an area where research in PNE can expand in order
to assist clinicians in understanding which behavioral change
methods can be combined with PNE to facilitate the greatest
change in health behavior.

Chronic pain is a multifactorial and complex condition that re-
quires multimodal treatment [45]. PNE represents one portion
of this patient’s overall care, which also included care from
other health care providers outside of physical therapy. If the
education a patient receives from all providers includes con-
cepts similar to those outlined in pain neuroscience educa-
tion, the patient may have contradictory information, leading
to limited results in pain severity, kinesiophobia, perceived dis-
ability, and behavior change. There is also the limit of the pa-
tient’s beliefs of the mechanisms of pain, their perception of
health care, biological influences, and psychosocial influenc-
es, as these attributes have been linked to persistent muscu-
loskeletal pain [9]. It may be argued that all health care pro-
viders should be comfortable with and able to provide pain
neuroscience education to possibly improve outcomes and pa-
tient knowledge of pain physiology.

The intervention in this case report followed a predetermined
progression that was intended to cover all portions of PNE
concepts described in other studies [15,21,22]. This limits the
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intervention, as it was more regimented and may not have fit
what the patient specifically needed at each session. In order
to better fit each education module, it may be useful to ap-
ply the biopsychosocial model as well to better tailor the in-
tervention to each patient. The biopsychosocial model is in-
tended to account for factors outside of body structure and
function, activity limitations, and participation restrictions to
include contextual aspects such as personal factors and the
patient environment [46]. In this case report, the interventions
were predetermined in order to ensure that all topics were cov-
ered according to the literature [14]. This may have caused
the student therapist to miss the implications of the patient’s
contextual factors. There may have also been topics that were
not readily applicable to the patient’s scenario. In hindsight,
a closer examination of the patient’s contextual factors and
development of patient specific education modules may have
assisted in creating greater change in outcomes.

The PNE literature has delineated the topics that should be
covered including concepts of the neurophysiology of pain,
nervous system sensitization, spinal inhibitory mechanisms,
plasticity of the nervous system, and psychosocial factors that
contribute to the persistent pain experience [12]. The analo-
gies used in other reports are inconsistent in description and
dosage [12]. This report delineates specific PNE examples, ex-
act number of treatments, and a unique treatment dosage that
may be useful in a PNE intervention, and it provides some evi-
dence that PNE can be applied by a novice clinician.

It has been demonstrated that PNE is more beneficial in com-
bination with other interventions [47]. The patient in this
case received a combination of PNE with manual therapy and
she participated in an active exercise program. The benefit of
manual therapy for patients with neck and shoulder pain has
been identified in several studies [48,49]. It is not possible to
determine in this case to what extend the different interven-
tions resulted in the therapeutic effect. The PNE intervention,
manual therapy, or the combination could have contributed
to the positive changes in outcome measures.

There are limitations to this case report worth noting. The pa-
tient found the questions related to work difficult to answer in
the outcome measure questions as she was retired. This might
have led to inappropriate measure of change in fear avoidance
and perceived disability related to her neck. This case report
describes the progression and intervention given to one pa-
tient. One must also account for changes in outcome measures
that may have been a result of the manual therapy, and exer-
cise interventions. Therefore, the results gained in this study
should be interpreted with caution.
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Conclusions

This case report describes the use of a PNE intervention ap-
plied by a student physical therapist in combination with man-
ual therapy and therapeutic exercise for a patient with multi-
regional chronic pain, showing beneficial outcomes. Based on
this case report, no determination can be made whether the
positive treatment effect was the result of the PNE interven-
tion, manual therapy, or the combination of these two. There
were clinically significant improvements in kinesiophobia and
visual analog pain rating. There was also an improvement in
the patient’s knowledge of pain neurophysiology concepts
over the course of treatment. There were no changes in fear
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avoidance beliefs or in self-perceived disability related to neck
and low back pain. Understanding of a patient’s stage of be-
havior change and biopsychosocial factors is useful in tailor-
ing a PNE intervention to fit a patient’s needs. This case also
illustrates the need for further research to determine a clini-
cally beneficial dosage of PNE.
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