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Abstract 

Introduction: Chronic pain is often challenging to treat due to changes associated with central sensitization. Mindfulness practices have been 
shown to impact pain through a non-judgmental appraisal of physical sensations. This case series aimed to determine if a 10-minute body scan 
meditation would positively impact a person who suffers from central sensitization.

Materials and Methods: Sixteen participants were guided through a 10-minute body scan meditation. Pre- and post-treatment measures 
included self-reported pain rating, pain pressure threshold, and a body pain diagram. The global rate of change was also assessed following 
treatment.

Results: Overall, self-reported pain was reduced by 0.9 points (p=0.001). Body pain diagrams reduced 46.9% after mindfulness-based stress 
reduction. Changes in pain pressure threshold and the global rate of change improved but were not statistically significant. Overall, patients with 
low back pain responded far more favorably than patients with neck pain. Positive correlations were found with improvements in self-reported 
pain rating, pain pressure threshold, and the global rate of change related to the extent of pain on the body pain diagram.

Conclusion: A brief body scan meditation is able to positively influence body pain diagrams, which are correlated to a pain experience. The brief 
body scan meditation had a larger influence on patients with low back pain than neck pain. More research is needed to explore how a non-tactile, 
non-threatening treatment can alter pain experiences including sensitivity of the nervous system.
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Introduction

Chronic pain is experienced by nearly 30% of the United 
States (US) population, with a prevalence higher than any other 
chronic medical condition [1]. High-impact chronic pain (HICP) 
is a subset of chronic pain defined as daily or near-daily pain that 
interferes with work or life. Estimates of HICP have nearly doubled 
since 2011, from 4.8% of the US adult population to 8% in 2016 
[1,2]. As efforts have been made to better understand chronic 
pain in the US amidst the current opioid crisis, the need for better 
and safer treatments of pain continues to be researched. Central  

 
sensitization (CS) is a physiological process contributing to HICP 
that is defined as “an amplification of neural signaling within the 
central nervous system that elicits hypersensitivity” [3].

The symptom cluster of CS is proposed to include 
disproportionate pain, disproportionate aggravating and easing 
factors, diffuse palpation tenderness, psychosocial issues (i.e., 
high fear avoidance, pain catastrophization, etc.) [4,5]. Central 
sensitization additionally includes hypersensitivity to touch 
which often hinders traditional rehabilitation treatments such as 
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manual therapy and exercise [6].  Recent studies related to chronic 
spinal pain and CS have also shown a correlation between altered 
body schema and chronic pain [7,8]. Clinically, these alterations 
show up as abnormal measurements of 2-point discrimination, 
left right judgement tasks, patient drawn pain maps and more [9-
11]. 

Treating patients presenting with signs and symptoms of CS 
should have a multimodal approach [8] focusing on three key 
areas- altering faulty pain cognitions (i.e., pain neuroscience 
education, cognitive behavioral therapy, etc.), movement (i.e., 
aerobic exercise, resistance training, graded exposure, etc.), and 
therapeutic strategies to calm the nervous system (i.e., relaxation, 
mindfulness, sleep hygiene, etc.) [12-14]. In physical therapy, many 
treatment strategies have focused on the first two elements of the 
aforementioned multimodal approach to chronic pain. The third 
element, calming the nervous system, is slowly emerging within 
the scope of physical therapy. Mindfulness-based interventions 
have also been shown to impact the central mechanisms of pain, 
including pain perception and response to pain, with evidence 
supporting the efficacy of mindfulness in the treatment of chronic 
pain [15,16].

One specific mindfulness-based intervention is the 
Mindfulness-Based Stress Reduction (MBSR) program, which was 
developed and used to treat chronic pain and stress-related health 
issues [16]. The MBSR program includes body scan meditation, 
sitting meditation, walking meditation, yoga, and education about 
stress [17]. This program shows good efficacy for the treatment 
of chronic pain and stress-related health disorders [18,19]. 
Participation in a structured MBSR program, however, requires a 
considerable time commitment and access to a program, both of 
which can be barriers to access for therapist and patient. Body 
scan meditation is a practice within the MBSR program.

During the body scan meditation, attention is guided 
throughout the body with instructions to attend to and appraise 
sensations without judgment [17]. Body scan meditations have 
been studied as a treatment for chronic pain but not in people 
who suffer specifically from CS [20]. In the study by Ussher 
et al, a brief 10-minute body scan treatment for chronic pain 
showed positive changes in pain severity, pain related distress, 
perceived ability for daily activities and perceived likelihood of 
pain interfering with social relations. This study, however, did 
not specifically assess changes to signs and symptoms associated 
with CS. Exploring the treatment effects of a body scan meditation 
in someone who suffers from CS may be a valuable and practical 
addition to evidence-based treatments options. This case series 
aimed at determining if the clinical application of a single, brief 
10-minute body scan meditation would positively impact a patient 
who presents with signs and symptoms associated with CS.

Methods

Study Design 

Institutional review board approval was obtained for this 

study at Rockhurst University and this study was registered at 
clincaltrials.gov. In line with the objectives of the study a simple 
pre-post case series design was chosen for the study design.

Participants

This case series comprises data from a convenience sample 
of 16 patients seeking or already receiving physical therapy care 
via referral and direct access at an independently owned physical 
therapy clinic. Inclusion was based on criteria for recognizing CS 
[21], including patient report of pain of at least 3 months duration; 
patient report of diffuse pain that spreads outside the segmental 
area of primary nociception; patient’s pain is considered 
disproportionate to what one would expect based on the available 
tissue damage or presumed source of nociception; and Central 
Sensitivity Inventory (CSI) score of 40 or greater. Patients were 
excluded if they were under 18 years old or less, had neuropathic 
or nociceptive pain as the dominant pain mechanism, were unable 
to read or understand the English language, medical history and 
presentation were deemed not appropriate for physical therapy 
treatment, or patient was pregnant at the time of the study. When 
patients met the inclusion and exclusion criteria, they were 
verbally offered the option to participate in the study and given 
written informed consent.

Intervention

The patient was allowed to choose a comfortable position 
during the meditation, including the option of supine, hook lying, 
or sitting. The physical therapist (JM) guided the participant 
through a 10-minute scripted body scan meditation, which was 
written by the physical therapist (JM) for use in this study and 
in line with a previous, brief body-scan study [20]. The physical 
therapist counseled the participant to stop the treatment at any 
point during the meditation for any reason, including an increase 
in discomfort. Briefly, the intervention entailed a guided, step-by-
step body awareness scan. Starting with the breath, the focus of 
attention began at the feet, progressing in a cephalad direction to 
the legs, trunk, and head.  Throughout the meditation, awareness 
focused on sensations and movements of the body associated with 
the breath ending with a broad expansive body awareness.

Outcomes

Prior to the intervention, demographic information was 
collected to describe the cohort including gender, duration of 
pain, work status, previous meditation experience, and duration 
of meditation experience. Additionally, before the treatment, each 
patient completed a functional outcome measure to help describe 
the level of disability they were experiencing at the time of the 
study:

1) Low back pain - Oswestry Disability Index (ODI): The 
ODI is a 10-question self-report outcome measure that is reliable 
for individuals with low back pain, with higher scores indicating 
higher disability [22].

2) Neck pain - Neck Disability Index (NDI): The NDI is also 
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a 10-question self-report outcome measure for people with neck 
pain; this outcome is reliable, valid, and responsive for acute and 
chronic conditions with a higher score indicating higher disability 
[23].

To ensure the sample of this case series represents patients 
with clinical signs and symptoms associated with CS, patients 
completed a CSI upon intake. A score of > 40 has been proposed 
as a higher likelihood of presenting with CS.  The CSI is a 25-
item questionnaire relating to CS. Subjects answer questions 
with a Likert scale response of 0 (never) to 4 (always). A score 
equal to or greater than 40 indicates the potential presence of CS 
and was a qualifier for the patient to be part of this study. The 
CSI has been shown to have good sensitivity and specificity for 
identifying those with CS and is considered a valid and clinically 
relevant indicator of patients that have centrally sensitized pain 
state [24,25]. The CSI was issued before the body scan meditation. 
No post-intervention follow-up was done on the CSI.

In line with the objectives of the study, a series of measurements 
were performed prior to and following treatment to assess the 
efficacy of the intervention:

3) Numeric pain rating scale (NPRS): Self-reported general 
pain was measured using the NPRS. The NPRS has been shown to 
have a minimally clinical important difference (MCID) of 1.0 point 
for chronic pain [26]. 

4) Body pain diagram: Participants were asked to fill in a 
body chart to illustrate the spatial distribution of their symptoms. 
Using a body pain diagram for a patient to indicate the location 
and extent of pain is a valid tool for identifying pain sensitization. 
Diffuse, spreading pain is a criterion for CS. An overlay was 
created as described by Margolis et al dividing the body diagram 
into anatomical regions. The overlay was placed over the body 
pain diagram and each area that was colored was given a point 
[27,28].  A body pain diagram was issued pre-intervention and 
post-intervention.

5) Pain pressure threshold (PPT): A digital pressure 
algometer was used to assess palpation sensitivity was measured 
in kilograms per square centimeter (kg/cm2). Three locations 
were measured on the patient’s hand-dominant side using a 
Wagner FPX 50 algometer. These locations were as follows: (1) 
tibialis anterior (TA), (2) lumbar paraspinals (LS), and (3) upper 
trapezius (UT). To measure, the tip of the algometer was placed on 
the skin and before applying pressure, the examiner stated: “I am 
going to begin applying pressure. Tell me the moment the sensation 
changes from comfortable pressure to slightly unpleasant pain.” 
The pressure was then applied at a rate of 5 N/s. The examiner 
stopped applying pressure and recorded the measurement when 
the participants said “now.” One measurement was taken at each 
location. Two studies report a 15% reduction in PPT as clinically 
significant [29,30].

6) Global Rating of Change (GROC): The GROC is a 15-point 

Likert-type scale measuring perception of improvement or 
deterioration, ranging from -7 (“a very great deal worse”) to +7 
(“a very great deal better”). The MCID for the GROC for chronic 
musculoskeletal pain has been reported as a positive change of 2.0 
[31]. This measurement was taken after the body scan meditation.

Statistical Analysis

Microsoft ExcelTM was used to enter data into spreadsheets.  
All observations were kept from the sample, with no modifications 
to the original data. ExcelTM was used to explore descriptive 
statistics of the sample such as mean and standard deviation of 
demographics variables, as well as calculate the correlations 
between body map drawings, PPT in kg/cm2, NPRS, and GROC. 
Rstudio Cloud version 1.4 of Rstudio IDE was used in the analysis 
of the research questions as to whether the body scan meditation 
affects pressure pain thresholds and the extent of pain on a body 
diagram. Two-sided, paired sample t-tests in R were used to 
evaluate any differences between survey responses before and 
after meditation in NPRS, PPT in kg/cm2, and extent of pain on a 
body diagram.

Results

Patients

This study included 16 patients presenting with low back or 
neck pain (Table 1).

Table 1: Demographics.

Characteristics Patients (n = 16)

Gender (%) 
Female 

Male  
Transgender male  

Nonbinary 

7 (43) 
5 (31) 

2 (12.5) 
2 (12.5)

Duration of pain-years (mean)(SD) 12.41 (9.3)

Work Status (%) 
Employed 

Unemployed 
Retired

 
8 (50) 

6 (37.5) 
2 (12.5)

Previous Meditation Experience 
Yes 
No

 
15 (94) 

1 (6)

Duration of meditation experience 
< 1 year 

 > 5 years 
1-5 years 

None

 
7 
6 
2 
1

Central Sensitization Inventory score (mean) 
(SD) 57.5 (9.55)

Disability 
NDI mean (SD) 
ODI mean (SD)

 
45.8 (13.4) 
37.3 (16.6)

Pain Rating (NPRS) 
Pre-pain level (mean) (SD) 
post-pain level (mean) (SD)

 
5.63 (1.88) 
4.66 (1.96)
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Self-Reported Pain

Immediately after meditation self-reported pain was reduced 
in a statistically significant manner (p=0.001) with a mean 
change of 0.97 points. The overall change in pain did not meet 
or exceed the MCID for chronic pain, but in 10 subjects (63%) 
the immediate post-change met or exceeded the MCID for pain 
reduction. Specific to region, low back pain rating (p=0.001) was 
significantly improved and exceeding the MCID, whereas neck 
pain rating (p=0.077) failed to do so. 

Pressure Pain Thresholds

In all three regions where PPT was measured, PPT improved 
slightly. None of the immediate post-PPT measures were 
statistically significant (UT p=0.057; TA p=0.79 and LS p= 0.094). 
Pressure pain thresholds for the UT (15.9%) did exceed MCID, 
however, the PPT did not meet or exceed the MCID for TA (1.4%) 

or LS (9.1%) [29,30].  Specific to region, there were no significant 
differences between lower back and neck pain.

Body Maps

Pain drawings after meditation reduced significantly (p < 
0.001) (Figure 1). Overall patient pain drawings after meditation 
reduced by 46.9%. No data is available on MCID for body map 
drawings. Specific to region, low back pain maps reduced by 67% 
(p = 0.002), whereas neck pain maps reduced by 39% (p=0.009). 
Figure 2 illustrates an example of two patient pain drawings before 
and after intervention. Following the intervention, patients scored 
a mean score of 1.69 on the GROC, which overall did not meet or 
exceed the MCID of +2. On an individual level, 10 patients (62.5%) 
met/exceeded the MCID for the GROC after the intervention. 
Specific to region, patients with low back pain scored an average 
GROC of 2.833 meeting the MCID, whereas patients with neck pain 
scored an average GROC of 1.0, not meeting the MCID.

Figure 1: Patient pain drawings before and after intervention.

Correlations

Changes in self-reported pain, PPT, and GROC were analyzed 
in relation to spread of pain on the body diagrams. Five post-
meditation measurements yielded a moderate positive correlation 
with reduction in body map size, including decreased pain (r = 
0.51), GROC (r = 0.63), and all three PPT locations (LS (r = 0.52), 
UT (r = 0.35), TA (r = 0.46)). 

Discussion

This is the first study to demonstrate the effects of a brief body 
scan meditation having a positive effect on body pain drawings 
and self-perception of improvement with patients who present 
with signs and symptoms consistent with CS. The results failed 
to show significant changes in PPT and overall self-reported pain 
ratings.  

A growing body of evidence points to altered brain maps 
correlating with pain, especially chronic pain [7,8]. These altered 
cortical maps have become a target to various physical therapy 
treatments to help ease pain and disability [10].

Graded motor imagery is a sequential series of techniques 
used in physical therapy aimed at directly influencing altered 
cortical maps and have shown growing efficacy in complex pain 
states such as complex regional pain syndrome and chronic low 
back pain [32]. Recent research started exploring if common 
therapeutic treatments (manual therapy, dry needling, exercise, 
and more) can also influence these altered body maps [33,34]. One 
shortcoming is the fact that many of these treatments including 
graded motor imagery often require tactile input (touch), which 
may be a barrier for patients presenting with allodynia and 
hyperalgesia [35].
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Figure 2: Example of posterior body map views of two patient pain drawings before and after intervention.

A brief 10-minute, non-tactile treatment was able to reduce 
body pain drawings significantly and these reductions had a 
moderate correlation to reductions in self-reported pain. This is 
the first study to show a direct correlation between a body scan 
mindfulness treatment and body map drawings. Interestingly, 
the results showed a larger effect on low back pain versus neck 
pain. This finding concurs with a growing body of evidence tying 
chronic low back pain to altered body schema. Additionally, the 
brief body scan meditation also highlights the need for safer, non-
pharmacological ways to treat chronic pain [8,10]. 

In this study, overall self-reported pain did not meet or exceed 
MCID. This contrasts with the study by Ussher who showed a 
significant change in self-reported pain [20]. Our study however 
was conducted on a sample of patients with a mean pain duration 
double that of the patients in the Ussher study and specifically 
presenting with signs and symptoms associated with CS. 
Additionally, in this study the intervention was only performed 
once whereas the Ussher study contained two interventions. It is 
also important to note that the immediate post-intervention pain 
score changes were in line with a recent meta-analysis on MBSR 
showing relatively small changes in self-reported pain after MBSR 
interventions [16].

As with body maps, patients with low back pain did experience 
a reduction in self-reported pain that exceeded the MCID. This 
finding is important since the intervention was brief, non-tactile, 
and has the potential of being a part of a home exercise program 
which may foster greater independence and self-efficacy. As with 
self -reported pain, the overall GROC scores failed to meet the 

MCID, however patients with low back pain mean GROC scores did 
exceed MCID. Overall, the results would imply this 10-minute body 
scan treatment may have more promise for patients with chronic 
low back pain than with chronic neck pain. This is interesting 
since the low back is not in a person’s visual field daily versus the 
neck, and it has been proposed that this lack of visual input may 
be a contributing factor to the maintenance of chronic low back 
pain [36,37].

A surprising result is the lack of significant changes in PPT, be 
it local or remote from the effected body region. In this study there 
was a clinically meaningful change in upper trapezius PPT, albeit 
slight. Theoretically, patients with CS present with a sensitized 
nervous system which contributes to the clinical presentation 
of allodynia and hyperalgesia and is likely ideal for MBSR [6]. In 
this study, patients presented with PPT scores for low back and 
upper trapezius indicating significant sensitivity to pressure 
pain thresholds, which would be ideal for this intervention [38]. 
The PPT results, however, are consistent with previous studies 
showing minimal changes in PPT after MBSR [39].

Most pain-related outcomes for MBSR treatments via 
systematic reviews and meta-analyses, however, have explored 
self-reported pain and various psychosocial factors associated 
with pain, versus PPT [16]. These results, in conjunction with 
other studies, question the exact mechanism of the positive 
changes seen following MBSR training. Future studies will need 
to explore the various mechanisms underlying potential benefits 
of MBSR training. 
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This study contains various limitations. First, by its design 
(case series) there is no control group to compare the treatment 
intervention. Future studies will need to further explore these 
results in a randomized control trial. Second, the results only 
report on immediate post-treatment effects and no long-term 
effects. Given the powerful connection between fear avoidance 
and pain catastrophization this study would have benefited by 
adding these psychosocial variables as outcomes measure to 
further explore its interaction related to self-reported pain and 
body maps.  Third, these results question the optimal dosage of 
a brief body-scan meditation intervention. Another shortcoming 
was the omission of additional validated sensory testing measures 
such as 2-point discrimination and localization to further connect 
pain drawings, self-reported pain and altered body schema in 
patients receiving MBSR for CS. A major oversight of the study was 
not to do a repeat CSI after the treatment to assess and see if the 
brief body scan meditation was able to shift patients below the CSI 
threshold for CS of 40 point.

Conclusion

A brief body scan meditation is able to positively influence 
body pain diagrams, which are correlated to a pain experience. 
The brief body scan meditation had a larger influence on patients 
with low back pain than neck pain. More research is needed to 
explore how a non-tactile, non-threatening treatment can alter 
pain experiences including sensitivity of the nervous system.
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