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A B S T R A C T 

 

Introduction 

 

According to the National Institute of Health it is estimated 

approximately one in five people in the United States (US) suffer from a 

mental, behavioural or emotional disorder and account for an annual 

spending in excess of $80 billion [1]. Within this data, it is estimated 

approximately six percent of Americans suffer from major depression, 

with the life-time prevalence of depression estimated at 21.3% in women 

and 12.7% in males [1, 2]. Unfortunately, depression has been shown to 

also be a leading cause of suicide, thus showcasing the importance for 

healthcare providers to screen for depression and treat or refer 

accordingly [2]. 

Pain and depression have been shown to be interrelated, especially 

persistent pain [3-5]. Within this coexistence is an important clinical 

mandate for physical therapists (PTs): The need and ability to screen for 

depression [6]. It is proposed that PTs would use validated tools to screen 

for depression and refer to a mental health provider as needed [4, 7]. For 

example, the Patient Health Questionnaire-9 (PHQ-9) has been shown to 

be highly sensitive and could be used to rule out significant levels of 

depression [7]. The PHQ-9 validates the current belief that depression is 

seen as a continuum, anchored with lower levels of depression on the 

one side and anchored by major depression on the other side [7, 8]. By 

having a cut-off score the decision is made to refer patients on the higher 

end of the scale to a mental health provider [8]. The clinical question is 

Objective: To determine if a brief, one-on-one pain neuroscience education (PNE) session delivered by a 

physical therapist (PT) can influence depression. 

Methods: A convenience sample of patients with persistent low back pain (LBP) (n = 23) attending PT with 

moderate to severe depression (Patient Health Questionnaire-9 [PHQ-9]) participated in the study. Patients 

received a standardized, one-on-one 30-minute PNE session by a PT with pre- and post-intervention 

measures of low back and leg pain (Numeric Pain Rating Scale [NPRS]), pain catastrophization (Pain 

Catastrophization Scale [PCS]), pain knowledge (Revised Neurophysiology of Pain Questionnaire [rNPQ] 

and depression (PHQ-9).  

Results: Immediately following PNE, all measures improved, with low back and leg pain not being 

significant (pback = 0.345 and pleg = 0.633), while pain catastrophization (p = 0.047), pain knowledge (p = 

0.001) and depression (p = 0.004) reaching significant improvements. The PNE session shifted various 

patients to lower levels of depression, with 21.8% of the patients’ improvement in depression meeting or 

exceeding the minimal clinical important difference. 

Conclusion: PNE may be a safe, clinically effective way to help a subgroup of patients attending PT with 

depression. More studies are needed to further explore the results from this pilot study. 
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then what to do with patients who don’t meet the cut-off score for referral 

to a mental health provider? 

 

In lieu of the coexistence of depression and persistent pain, it is not 

surprising that current best evidence for depression and persistent pain 

shows significant overlap which includes primarily some type of 

cognitive intervention, aerobic exercise and skilled delivery of 

medication including selective-serotonin-reuptake-inhibitors and/or 

membrane stabilizers [9-12]. In PT, a cognitive treatment specifically 

aimed at helping people with persistent pain has emerged in the last 20 

years, referred to as pain neuroscience education (PNE) [13, 14]. PNE is 

an educational strategy that focuses on teaching people more about the 

neurobiological and neurophysiological processes involved in their pain 

experience [13-16]. Current best evidence regarding musculoskeletal 

pain provides strong support for PNE to positively influence pain ratings, 

dysfunction, and limitations in movement, pain knowledge and 

healthcare utilization [17, 18]. Additionally, PNE has shown to 

powerfully influence psychosocial issues that powerfully influence pain 

and depression: fear-avoidance and pain catastrophization [17, 18]. In 

light of the emerging PNE evidence, need to screen for depression and 

need to find treatments to help patients on the lower-end scales of 

depression, this study aimed to examine if PNE could positively 

influence depression in patients attending PT for persistent low back 

pain (LBP). 

 

Methods 

 

I Study Design 

 

Pre-approval was obtained at three PT clinics for this study where three 

orthopaedic residents were providing care. Institutional review board 

approval was obtained from St. Ambrose University. The study is a case 

series consisting of pre- and post-intervention measures with no follow-

up.  

 

II Participants 

 

A convenience sample of patients attending outpatient PT for persistent 

LBP was used for the study. Patients were screened against the inclusion 

and exclusion criteria and if eligible, asked to participate in the study and 

provide written informed consent (parents for patients under 18). Upon 

consent, demographic data was collected (no personal identifiable 

information), including age, gender, ethnicity, duration and location of 

pain including body chart, education level, work status, past personal and 

family history of LBP and surgical interventions for LBP. Inclusion 

criteria included presenting at PT for a primary complaint of persistent 

LBP, LBP of more than 6 months, fluent in writing and treading the 

English language and willing to participate. Exclusion criteria were 

patients with a PHQ9 score of less than 10 points (no or mild depression) 

and presenting with any cognitive deficits rendering them unsuitable for 

PNE (i.e., stroke, traumatic brain injury, etc.). 

 

III Intervention 

 

The PNE session lasted 30 minutes and was delivered in a one-on-one 

educational format with a PT using prepared images, drawings and 

metaphors [17]. The 30-minute PNE session was chosen to reflect a 

clinically meaningful intervention in a typical allocated time frame in 

clinical practice. The content of the PNE is described in detail elsewhere, 

using metaphors to explain various aspects of pain including 

sensitization of the peripheral and central nervous system (sensitive 

alarm system metaphor); spreading pain (nosy neighbours metaphor); 

increasing problems with focus and concentration (brain meeting 

metaphor) and difficulty with fatigue and sleep (lion metaphor) [19].  

 

IV Outcome Measures 

 

Following the completion of the demographic intake forms, patients 

completed a series of standardized and validated instruments. The 

disability questionnaire was only completed before the intervention, 

while patients’ satisfaction was only assessed after the intervention.  

 

i Disability (Oswestry Disability Index – ODI) 

 

The ODI is a 10-item questionnaire used to assess different aspects of 

physical function [20]. Each item is scored from 0 to 5, with higher 

values representing greater disability. The total score is multiplied by 2 

and expressed as a percentage. The ODI has been shown to be a valid 

and reliable measure of disability related to LBP [20-22].  

 

ii Global Rate of Change Scale 

 

The GROC scale is global rating of improvement and satisfaction over 

the course of treatment [23]. It does not measure a specific dimension 

such as pain or function but allows the patient to decide what they 

consider important. The GROC is a commonly used outcomes tool in 

clinical research, especially as it relates to musculoskeletal care 

including LBP [24, 25]. The most common formats of the GROC is 

typically a 7, 11, or 15 point scale on a number line with 0 in the middle 

and moving out one integer in the positive and negative numerical 

direction. The end anchors also contain the negative and positive words 

of “very much worse” and “very much improved” or “completely better” 

with “no change” being in the middle at zero [26]. For purposes of this 

study the recommended 15 -point scale will be used (-7 = very much 

worse, 0 = unchanged, 5 = completely recovered). The MCID for the 

GROC for musculoskeletal pain has been reported as a positive shift of 

3 points or more (+3) [26, 27]. 

 

The following measurements were completed before and immediately 

following the PNE intervention: 

 

i Low Back and Leg Pain (Numeric Pain Rating Scale – NPRS) 

 

LBP and leg pain was measured with the use of a NPRS, as has been 

used in various studies on LBP and PNE [13, 14, 28, 29]. The minimal 

clinical important difference (MCID) for the NPRS for LBP is reported 

to be 2.0 [30]. 

 

ii Pain Catastrophization (Pain Catastrophization Scale – PCS) 

 

The PCS is a self-report questionnaire that assesses inappropriate coping 

strategies and catastrophic thinking about pain and injury. The PCS has 

been used in previous PNE studies for LBP and demonstrated strong 

construct validity, reliability and stability [31-33]. The PCS utilizes a 13-

item, 5-point Likert scale with higher scores indicating elevated levels 

of catastrophizing. Previous studies utilizing the PCS have shown a 
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median score of 18 that of healthy individuals and in patients with pain 

the PCS is generally higher, with a score over 30 reported as a high level 

of pain catastrophization [33]. The minimal detectable change (MDC) 

for the PCS is reported to be 9.1 [34]. 

 

iii Pain Knowledge (Revised Pain Neurophysiology 

Questionnaire – rNPQ) 

 

The NPQ is based on a current pain science text and was used in a 

previous study measuring the neurophysiology knowledge of patients 

and healthcare personnel [35, 36]. 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 of the NPQ a statistical analysis of the NPQ has led to 

the development of an abbreviated revised NPQ (rNPQ) with 13 

questions which removed ambiguous questions [37]. The revised 13-

question rNPQ was used in this study. No information is available on 

what constitutes a meaningful shift in NPQ/rNPQ scores, but studies 

using the NPQ and rNPQ have shown positive changes for patients, 

healthcare providers and students after PNE with mean increases in 

NPQ/rNPQ scores of 27% [19]. 

 

iv Depression (Patient Health Questionnaire – PHQ-9) 

 

The PHQ-9 is the nine-item depression scale and one of the most 

validated tools in mental health assisting clinicians with diagnosing 

depression and monitoring treatment response [38-40]. The nine items 

of the PHQ-9 are based directly on the nine diagnostic criteria for major 

depressive disorder in the Diagnostic and Statistical Manual of Mental 

Disorders-IV. Total PHQ-9 scores are classified as 0-4 (none to minimal 

depression); 5-9 (mild depression); 10-14 (moderate depression); 15-19 

(moderately severe depression and 20-27 (severe depression) [41]. In 

regard to MCID, it is suggested that the PHQ9 responds differently, 

based on the extent of the starting depression score (i.e., mild versus 

severe depression), with recent updates reporting a 20% reduction of 

scores as a useful guide for clinical impact [42, 43]. 

 

Immediately following the intervention, changes were be assessed using 

the NPRS, PCS, rNPQ, PHQ-9 and GROC. Patients were then done with 

the study portion of their visit and then continued PT as usual, directed 

by the attending therapist. 

 

V Statistical Analysis 

 

This was an exploratory study to investigate the feasibility and possible 

immediate impact of the PNE intervention on depression in patients with 

persistent LBP. Descriptive statistics were used to describe the 

demographic variables and patient-reported outcome measures of the 

patients in the study using Microsoft Excel™ version 16.0 (Table 1), 

including means, ranking, percentages, standard deviation (SD), etc. To 

compare pre- and post-intervention measures of NPRS for back and leg 

pain, PCS, rNPQ and PHQ9, paired-sample t-tests were conducted. 

 

Results 

 

31 patients were originally selected for the pilot study. Eight patients 

scored below 10 on the PHQ9 and were eliminated, leaving 23 subjects 

in the pilot study. The demographic information on the subjects can be 

found in (Table 1). 

 

Table 1: Demographic information. 

Measure Subjects (n = 23) 

Female 13 (56.5%) 

Mean age in years (range) 50 (15-79) 

Ethnic: 

● White, non-Hispanic 

● Hispanic 

● African American  

● Other 

 

19 (82.6%) 

2 (8.8%) 

1 (4.3% 

1 (4.3%) 

Education: 

● High School 

● Other  

● Graduate school 

● Post-graduate 

 

8 (34.8%) 

8 (34.8%) 

4 (17.4%) 

3 (13%) 

Mean duration of pain in years (range) 13.83 (0.8 – 36.3) 

Currently employed  13 (56.5%) 

Have undergone surgery for their condition (% of total) 4 (17.4%) 

Family history of pain  11 (47.8%) 

Mean low back pain (NPRS) (SD) 5.2 (2.43) 

Mean leg pain (NPRS) (SD) 3.2 (2.97) 

Mean disability (ODI) (%) 17.6 (35.2%) 

Depression rating on PHQ-9 (Mean) (SD) 

● Moderate (10-14) 

● Moderately severe (15-19) 

● Severe (20-27) 

15.35 (3.65) 

10 (43.5%) 

10 (43.5%) 

3 (13%) 
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I Low Back and Leg Pain 

 

Both low back and leg pain failed to be reduced after PNE in a 

statistically significant manner (pback = 0.345 and pleg = 0.633). On an 

individual level for LBP, 5 patients (21.7%) had a reduction in pain after 

PNE meeting or exceeding MCID of 2 points, while 2 patients (8.8%) 

exhibited the same results for leg pain.  

 

II Pain Catastrophization 

 

Prior to PNE, mean PCS score (31.6) exceeded the threshold for a high 

PCS score and following PNE, the mean PCS score moved below the 

high threshold (µ = 28.3), with a statistically significant improvement 

overall (p = 0.047).  

 

 

 

III Pain Knowledge 

 

Pain knowledge shifted positively in a statistically significant manner (p 

= 0.001) from 39.8% to 52.5%.  

 

IV Depression 

 

Immediately following PNE, depression improved in a statistically 

significant manner (p = 0.04) (Figure 1). Overall PHQ-9 scores were 

reduced by 8.8%, not meeting the MCID. Five patients (21.8%) met or 

exceeded the MCID reduction in depression, with four of the five being 

moderately severe or severely depressed prior to PNE. Changes in levels 

of depression had a weak, positive correlation with pain knowledge 

improvement (r = 0.24). Figure 2 Showcases a decrease in overall levels 

of depression when compared to levels of depression prior to PNE. Two 

of the three patients with severe depression moved down to moderately 

severe depression. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Mean PHQ-9 scores before and immediately following PNE. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Shift in PHQ-9 scores per category after PNE. 
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V Patient Experience 

 

Following the PNE session, patient experience as measured by the 

GROC scale showed a mean score of +1.38, with seven patients (30.4%) 

meeting or exceeding the MCID of +3. Depression scores had a 

moderate, positive correlation with rate of satisfaction with the patient 

experience of the PNE intervention (r = 0.61). 

 

Discussion 

 

This is the first exploratory study assessing the potential benefit of PNE 

for patients attending PT with depression. Results from this study show 

that a brief, one-on-one, PT-led PNE session has a positive effect on a 

subgroup of patients with depression. Concerns over mental health, 

including depression, is mounting, especially in light of the coronavirus 

disease of 2019 (COVID-19) [44, 45]. The sudden acute respiratory 

syndrome (SARS) that started in 2002 showed significant long-term 

changes in mental health with up to 65% of survivors developing major 

depression [46, 47]. Data from the COVID-19 pandemic shows similar 

impacts on mental health [44, 45]. Furthermore, it is well-documented 

that there’s a significant shortage of mental health providers globally, 

including for the treatment of depression [48, 49]. Persistent pain and 

depression often coexist, yet treatment for pain and depression often 

involve different healthcare providers and disciplines. PT is not seen as 

an avenue for the treatment of depression, yet it’s estimated that 45-50 

million Americans annually seek PT for the care of their LBP, of which 

approximately 10-15 million suffer with chronic LBP [50]. The results 

of this study, albeit a small pilot, is important since it may indicate that 

PT may be able to play a bigger role in the screening, triage and even 

treatment of depression. In this study, a sub-group of patients with 

depression had significant changes and patients at higher levels of 

depression were shifted to lower, safer levels.  

 

Depression is a serious condition with significant potential for risk and 

harm and patients on the higher end of depression will no doubt need 

more comprehensive and multidisciplinary care [51]. On the flipside, 

results such as these may indicate that a subgroup of patients can be 

helped by a PT, potentially helping with early-intervention and 

potentially alleviating pressure on the significant need to mental health 

providers. This conclusion is further enhanced by the fact that emerging 

psychosocial approaches such as motivational interviewing, acceptance 

and commitment therapy, trauma-informed care and more, is finding its 

way into PT literature and curricula [52-54].  

 

The positive shifts in pain, pain catastrophization, pain knowledge and 

patient satisfaction concur with current PNE evidence[17, 55]. The 

question that should be answered is why PNE may have benefitted this 

sample of patients with moderate to severe depression? Pain 

catastrophization is often correlated with higher levels of depression [56, 

57] and in this sample, initial PCS scores overall exceeded the cut-off 

value of a high PCS score indicative of protracted recovery from 

treatment [33]. Following PNE, PCS scores improved significantly, 

which is important since reduction of PCS scores after PNE has been 

shown to be one of the biggest predictors of success in PNE [58]. 

Additionally, it is well-established that following PNE, pain knowledge 

improves, with this study similarly showing the increase in pain 

knowledge [14, 17]. The key aspect, however, is that increased pain 

knowledge has some positive correlation with positive shifts in 

depression. These preliminary results may indicate that reduction in pain 

catastrophization and improved knowledge of pain may be a start in 

trying to understand if and how PNE may be a beneficial treatment for 

patients attending PT with LBP and comorbid depression. 

 

The results from this study should be seen as what it is – a pilot study. It 

contains various limitations. First, the study contains no control subjects, 

thus not allowing for a true test of the efficacy of PNE for depression. 

Future designs should explore randomized clinical trials with control 

groups. Second, there was no long-term follow-up, which does not allow 

a true indication of the efficacy of PNE over time. Third, the intervention 

used in this study was modeled on previous studies on LBP and it can be 

argued that a more specific PNE-depression protocol should be 

developed with the inclusion of patients and their needs. Another 

limitation is that the patient sample only consisted of patients with LBP 

and depression and cannot be extrapolated to comorbid depression for 

other medical diagnoses. The final limitation, which may actually 

highlight the importance of these findings, is the lack of a PNE plus 

(PNE+) approach, which is currently seen as the gold-standard for PNE-

delivery [17, 58]. In this study, patients only received PNE, whereas 

current best evidence showcase that PNE plus other behavioural 

strategies, including exercise, mindfulness, relaxation, etc., is superior to 

PNE-only [17, 59]. It is thus recommended that follow-up studies study 

the effect of PNE plus exercise, or PNE plus relaxation, which is also 

closer to the current best evidence approach for chronic pain and 

depression.  

 

Conclusion 

 

A brief, one-on-one, PT-led PNE session has a positive effect on a 

subgroup of patients with depression. PNE may be a safe, clinically 

effective way to help a subgroup of patients attending PT with 

depression. More studies are needed to further explore the results from 

this pilot study. 
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