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Abstract

Background: Pain neuroscience education (PNE) is gaining clinical popularity and increasing evidence of its ability to yield positive clinical

outcomes. Delivery methods for PNE are constantly expanding, and to date, it has never been explored if PNE can be successfully delivered via
sign language.

Objective: To determine if PNE delivered via sign language can positively influence pain knowledge, fear-avoidance of physical activity, and
beliefs regarding pain.

Design: Case series with pre- and immediate post-intervention measurements.

Methods: A convenience sample of adults proficient in sign language attended a community educational session featuring a 30-minute, 32-slide
PNE PowerPoint™ presentation via sign language. Before and immediately after PNE, pain knowledge, fear of physical activity, and a series
of pain beliefs (Likert scale) were assessed.

Results: Seven participants (4 females), with a mean age of 70.6 years, attended the session. Five participants were completely deaf, and the
mean comfort level with sign language (0 = not at all; 10 = very comfortable) was 8. Immediately following PNE, pain knowledge improved by
28.5 % (p = 0.003). Fear avoidance improved but failed to reach significance (p = 0.41). All pain beliefs improved after PNE, but only one (Your
brain decides if you feel pain, not your tissues) reached significance (p = 0.012).

Conclusion: PNE delivered via sign language can significantly improve pain knowledge in older adults. Future studies, including clinical trials
on patients presenting with pain, should be explored to see if these results can be replicated in patient populations and lead to clinical benefits
associated with pain relief and decreased disability.
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Introduction

In physical therapy, pain neuroscience education (PNE) is emerging
as an evidence-based, biopsychosocial approach to treating pain,
especially with movement-based treatment such as exercise [1-3].
Strong evidence shows that PNE can positively influence self-
reported pain ratings, disability, fear avoidance, pain catastrophizing,
limited movement, and healthcare utilization [3,4]. Most data pertains
to chronic pain, with PNE now part of the current practice guidelines
for chronic low back pain [5]. Emerging research also points to PNE
as potentially beneficial in those with acute and sub-acute pain,
especially when high fear avoidance and pain catastrophizing are
present [6].

PNE uses metaphors, examples, and images to teach patients more

about the underlying biology and physiology of their pain experiences

[7]. Modern pain science focuses on central and peripheral
sensitization of the nervous system, functional and structural changes
in the brain amid a pain experience, and endogenous mechanisms to
influence a pain experience via inhibition and facilitation. It is
conveyed to patients in easy-to-understand concepts, metaphors, and
stories [8]. It is proposed that by learning more about these
neuroscience processes, patients reconceptualize their pain
experience, decrease fear and catastrophizing, move more, and adopt
healthier beliefs about pain [9]. This newfound understanding of pain
directly contrasts prevailing biomedical models that tie a person's
tissue health to their pain experience [10]. A growing body of
literature shows the limited correlation between tissue health and a
human's pain experience, especially chronic pain [8,10,11]. To date,
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PNE has been applied to a variety of different chronic pain conditions
and various clinical settings and has been successfully used in
children, adults, and older adults [4,12,13]. It is effective even in
adults with mild traumatic brain injury [14].

At the heart of PNE is the ability of a patient to learn the new concepts
of pain science. Current education delivery methods include one-on-
one verbal education, group therapy, and telehealth [4]. Recent
evidence shows that one-on-one, therapist-led PNE is superior to
group PNE regarding outcomes, while group PNE yields potentially
significant cost-savings [4]. As PNE expands, barriers are also
encountered. For example, PNE, to fully impact the global pain
epidemic, must reach beyond language, culture, geography, etc. In
clinical practice, clinicians often encounter patients who need to be

Methods

Study

Before the study, institutional review board approval was obtained at
Southwest Baptist University. Participants were asked to provide
written consent for participation in the study, and the study followed
the Helsinki Declaration of Ethics for medical research. The study
was a case series with pre- and immediate post-intervention measures
with no personally identifiable information collected.

Participants

To deliver PNE to a cohort of deaf participants, a healthcare provider
familiar with PNE and fluent in sign language was recruited. The
largest post-professional organization in the United States teaching
physical therapists (evidenceinmotion.com) was asked to notify their
post-professional educator's database to see if they met the
requirements (n = 239). Inclusion criteria were in line with previous
PNE studies delineating a minimum requirement to be proficient with
PNE, including having attended 15 hours of post-professional
education in PNE, scoring>80% on the neurophysiology of pain
questionnaire (NPQ), and using PNE regularly in clinical practice
[16]. Additionally, the clinician had to be fluent in sign language and
use it regularly. Two therapists replied to the request, both meeting
the minimum PNE requirements. One therapist has been trained in
sign language but does not use it regularly, while the second therapist
(JS) is fluent and uses it regularly since his mother is deaf.

In line with the study's aim, participants had to be formally diagnosed
as being deaf and use sign language (with or without lip reading) as a
primary method of communication. Previous PNE studies have been
done on patients (individuals seeking care for treatment) and
community members interested in learning more about pain but have
yet to seek care [3,17] actively. Therapist JS's mother is deaf and, due
to her disability, has developed a community of older adults that meet
regularly for social interaction as part of a church group and use sign
language for communication. These meetings are in-person. The
social group members were asked to participate in the study,
including completing pre- and post-PNE surveys. Participation in the

study was entirely voluntary, and participants were provided a gift

more fluent in English, and PNE must be relayed to patients via
interpreters, be it legal services or via family. One barrier includes
patients who are deaf and require sign language and lip-reading to
communicate, including receiving healthcare information. In the
United States, it's currently estimated that 10 million Americans are
hard of hearing, while at least 1 million are classified as functionally
deaf [15]. In this scenario, if a deaf patient experiences chronic pain,
how can PNE be delivered? To date, no study has explored if PNE
provided by sign language yields comparable outcomes to one-on-one
verbal educational sessions led by a physical therapist. This study
aims to deliver PNE to a sample of deaf participants to determine if
PNE via sign language can yield similar results to verbal one-on-one

or vocal group PNE.

card each for their time to complete the pre-and post-PNE
questionnaires. The goal of the pilot study was to recruit 6-8
participants.

Educational Content

Previous studies have described the PNE content for this presentation
in detail [12,13]. The lecture was an abbreviated 30-minute, 32-slide
PNE PowerPoint™ presentation used in previous studies, allowing
ample time for survey completion before and following the PNE
lecture. The presentation's main themes include a discussion of
peripheral sensitization, central sensitization, bio-psycho-social
factors associated with pain, threat appraisal of the brain, nociception,
stress, and endocrine responses in pain various therapeutic
endogenous strategies to ease pain [12,18]. Multiple images,
metaphors, and examples convey the PNE to the participants [7].
Following the formal presentation and completion of the post-PNE
surveys, participants were encouraged to ask questions. The
production did not specifically address or target any questions in the
outcome measures.

Outcomes

Participants agreeing to be part of the study were asked to complete a
demographic survey to describe the cohort of participants, but no
personally identifiable information was gathered. Demographic data
included age, gender, years being deaf, information about pain (if
any) — present, if so, a pain rating using a Numeric Pain Rating Scale
(NPRS), location and specific pain diagnoses; occupation, the highest
level of education, income level, frequency and comfort using sign
language. Four formal outcome measures were used for the
participants to assess changes associated with PNE:

- Pain Knowledge: Pain knowledge was measured using the revised
neurophysiology of pain questionnaire (NPQ). The NPQ is based on
a current pain science text [19] and was used in a previous study
measuring the neurophysiology knowledge of patients and healthcare
personnel [20]. The original NPQ is a 19-item questionnaire
requesting 'true’; ‘false’; or 'not sure' answers to statements, with

higher scores indicating more correct answers. Since the development
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of the NPQ, a statistical analysis of the NPQ has led to the
development of an abbreviated NPQ with 12 questions, which
removed ambiguous questions [21]. The revised 12-question NPQ
was used in this study. The questionnaire was adapted similarly to
previous studies to make it easier for non-medically trained people to
understand, e.g., "nociception” was replaced with "danger messages"
[20]. No data on patients or healthy controls are available on what
constitutes a meaningful shift. Adult and older-adult studies (ages 18
and above) have shown NPQ mean improvements after a PNE session
to typically range between 25-30 % [11, 22, 23].

- Fear Avoidance Beliefs of Physical Activity (Fear Avoidance
Beliefs Questionnaire - FABQ): The FABQ is a 16-item
questionnaire designed to quantify fear and avoidance beliefs in
individuals with low back pain. The FABQ has two subscales: 1) a 4-
item scale to measure fear-avoidance beliefs about physical activity
and 2) a 7-item scale to measure fear-avoidance beliefs about work.
Each item is scored from O to 6, with possible scores ranging between
0 and 24 and 0 and 42 for the physical activity and work subscales,
respectively, with higher scores representing increased fear-
avoidance beliefs. To accurately measure the fear of physical activity
(PA), the FABQ-PA scale was used in this study. Since the survey
intended to ascertain fear of PA in the presence of pain, the wording
was altered to ask about PA if/when they have pain versus currently
experiencing pain. This has been done in previous PNE studies
[13,24]. The FABQ has demonstrated acceptable levels of reliability
and validity in previous studies [25-27]. The presence of avoidance
behavior is associated with an increased risk of prolonged disability
and work loss. It is proposed that FABQ-PA >14 is associated with a
higher likelihood of not returning to work or activities of daily living
[28,29].

- Pain rating (NPRS): The study's intention was not to precisely
determine the efficacy of PNE for patients that are deaf and
experiencing pain. NPRS was included before and after the PNE

intervention due to higher rates of pain prevalent in older adults. The

Results

NPRS is often used in studies for chronic pain [30-33]. The minimal
clinically significant difference (MCID) for the NPRS for acute/sub-
acute pain is reported to be 2.0 [34], and for chronic musculoskeletal
pain, 1.0 [35].

- Pain Beliefs: The healthcare provider's attitudes and beliefs
regarding chronic pain are often measured with the Health Care
Provider's Pain and Impairment Relationship Scale (HC-PAIRS) [36].
This scale is typically not used for non-medically trained people but
has recently been used in middle school children's PNE studies
[13,24]. Upon review of the HC-PAIRS and the aims of the study, a
series of numeric rating scale questions pertaining to beliefs about
pain was established by the authors for this study and used in previous
studies. The numeric rating scale was anchored between 0 (strongly
disagree) and 10 (strongly agree). Five questions were established to
allow surveys to be completed before and following the PNE session
in the allotted time. Beliefs statements were:

- Pain is normal; without being able to feel pain, you will not survive.
- Pain means something is wrong with your tissues.

- Pain always means you must stop what you are doing.

- You can control how much pain you feel.

- Your brain decides if you feel pain, not your tissues.

Statistical Analysis

Upon completion of the study, participant intake forms from pre and
post-treatment were collected for analysis. There was no attrition
during the study, and all participants were accounted for in the post-
treatment analysis. Summary statistics were generated in tables to
understand the study sample's demographics better. A series of
Student paired, one-sample t-tests with df = 6 were used to test for
significant differences in Pain Knowledge, Fear-Avoidance, and Pain
Beliefs. Due to the benchmarking nature of this study, it should be
noted that the sample size leaves the research and the following
results underpowered but merits further investigation of any possible
phenomena on a larger sample and using more robust analysis

techniques.

Seven community members fluid in sign-language attended the PNE session and completed the pre- and post PNE measures (Table 1).

Table 1: Study participants

Patients (n =7)
Mean age (years) 70.6 (range 57.8 — 83.3)
Female (%) 4 (57.1)
White Non-Hispanic (%) 7 (100 %)
Educational background:
— Graduate (%) 3(42.8)
—  Postgraduate (%) 2 (28.6)
—  High School (%) 2 (28.6)
Annual income
—  $50k - $100k (%) 4 (57.1)
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—  <$10k (%) 2 (28.6)
—  $10k - $50k (%) 1(14.3)
Completely deaf (%) 5(71.4)
— Mean duration of being completely deaf (years) 59.84

comfortable)

Mean comfort with sign language (0 = not at all; 10 = very | 8

Currently experiencing pain (%) 6 (85.7)
— Mean pain score 3.6
Experiencing any long-lasting pain (> 6 months) (%) 2 (28.6)

Pain knowledge

Prior to the PNE lecture, the mean NPQ score was 3.43 (26.4% accuracy). Immediately following the lecture, the mean PNE score increased by

28.5 % (7.14) (p = 0.003) (Figure 1).

Pain Knowledge

7.14

SO P, N W s~ o1 oo N

NPQBefore

NPQAfter

Figure 1: NPQ scores before and after PNE via sign language

Fear-Avoidance

Prior to PNE, the mean FABQ-PA score was 12.14, with two participants (28.6%) exceeding the cut-off for a high FABQ-score (> 15). Immediately

after PNE, the mean FABQ-score decreased to 9 (p = 0.41), and all participants scoring below the cut-off for a high FABQ-PA score.

Pain Beliefs

Only one pain belief (Your brain decides is you feel pain, not your tissues) shifted significantly after sign-language-delivered PNE (p = 0.012)

(Table 2).

Table 2: Pain beliefs before and after PNE

Statement Before PNE After PNE | Significance
Pain is normal; without being able to feel pain, you will not | 6.43 4.71 0.418
survive

Pain means something is wrong with your tissues 7.57 5.14 0.125

Pain always means you have to stop what you are doing 5 4.14 0.29

You can control how much pain you feel 7.29 8.57 0.163

Your brain decides if you feel pain, not your tissues 6 8.86 0.012*

(* indicates significant difference P < 0.05)

Discussion

The results of this study show that PNE can be successfully delivered

via sign language and is effective in improving pain knowledge, fear

avoidance, and various beliefs regarding pain. This is the first study
exploring using sign language to deliver PNE.
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PNE is best delivered using metaphors, examples, and pictures [4].
PNE delivery, to date, has used various senses to help in the process
of learning more about pain. In verbal education (one-on-one, group,
or telehealth) [4,11,37,38], auditory and visual reception is vital for
patients and clinicians to learn more about the neuroscience of pain.
In other studies, patients have been tasked with reading PNE content
to enhance pain beliefs and knowledge [39,40]. A growing body of
evidence shows that PNE increases pain knowledge in various patient
diagnoses, clinical conditions, and age groups but assumes senses to
be optimal. In this study, albeit a small sample, it was shown that pain
knowledge improved by 28 %, which is at the upper end of the
enhanced pain knowledge spectrum seen in adult and older-adult
studies (ages 18 and above), which typically range between 25-30 %
[11,22,23]. The results indicate that PNE can be successfully
delivered via sign language in a cohort of adults proficient in sign
language and deaf. To further put these results in perspective, the 28
% improvement in this cohort of older adults (mean age 70.6 years)
is far superior to other PNE studies in older adults where PNE was
delivered verbally, including Watson et al. [12] (11 %) and Alnwick
et al. (submitted for publication — 2023) (16 %).

In this study, FABQ-PA did shift positively but not significantly. This
result concurs with the study by Watson et al., who conducted a
community center delivery of PNE to older adults [12]. It can be
argued that this may be because the FABQ-PA was not designed for
this purpose — asking people to report their fear of physical activity
“in the presence of pain” versus being in pain and facing impending
physical activity, i.e., physical therapy, work or leisure activities [28].
Another factor to consider is that the study did not target people
presenting with high FABQ-PA scores. In this study, only two
participants displayed FABQ-PA scores exceeding the cut-off score
for a high FABQ [28]. The results of this study may indicate that a

clinician delivering PNE via sign language to a patient displaying
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