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Abstract

Background: Emerging evidence shows that altered cortical brain maps play a key role in the initiation and maintenance of a 
human pain experience and therapeutic treatments may positively influence these maps and reduce pain and disability. 
Objective: To determine if dry needling for spinal pain can positively alter body pain diagrams and if those changes correlate 
to a reduction in self-reported pain ratings.
Design: Case series with pre- and immediate post-intervention measurements. 
Methods: A convenience sample of adult patients attending physical therapy with back or neck pain meeting inclusion criteria 
for dry needling was recruited for the study. Prior to dry needling, patients completed a demographics questionnaire, filled in 
a body pain diagram (color where you hurt) and a self-reported pain rating (numeric pain rating scale). Patients then received 
a standard dry needling session for the affected area and immediately following dry needling completed a body pain diagram, 
self-reported pain rating and satisfaction with the treatment using the global rating of change scale. 
Results: Forty-three patients (76.74% female) participated in the study with 19 patients presenting with low back pain and 
24 with neck pain. Following dry needling, mean pain rating for the whole cohort was reduced (p<0.001), with larger effect for 
low back pain (p < 0.001) than neck pain (p = 0.031). Overall, the whole patient sample’s body pain diagram decreased in size 
by 50.16% following DN (95%CI = 10.8, 22.6; t(42)=5.67, p < 0.001). When broken down between neck and low back pain, low 
back maps shrunk by 61.84% (95%CI= 16.1 - 38.6), t(18)=5.1, p < 0.001), whereas neck maps decreased by 33% (95%CI= 4.3 
- 12.2, t(23)=4.4, p < .001). Positive correlations were found between the size of the body pain drawings and pain intensity (rs 
= 0.461 (p = 0.002) as well as reduction of pain after dry needling and reduction in body map drawings (rs = 0.305 (p = 0.047). 
Conclusion: Dry needling can reduce body map drawings, which correlates to the intensity of pain. A potential underlying 
mechanism of dry needling may be its effect on neuroplasticity. Additional research is needed to further explore these emerging 
results.
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Abbreviations: DN: Dry Neediling; NPRS: Numeric Pain 
Rating Scale; SRPR: Self-Reported Pain Rating.

Introduction

In the mid-1990’s evidence-based practice was 
introduced to healthcare, including rehabilitation [1]. With 
the introduction of evidence-based practice clinical decision-
making was shifted towards treatments backed by evidence, 
especially higher levels of evidence including meta-analyses, 
systematic reviews and high-quality randomized clinical 
trials. Now, armed with research, clinicians could drive 
treatment choices based on evidence, versus traditional 
approaches typically rooted in expert opinion [2]. 

Evidence-based medicine and the resultant increase 
in research is not just confined to clinical research but has 
found its way into basic science research. For example, some 
evidence supports the use of manual therapy, especially 
high-velocity thrust techniques in a sub-group of patients 
with low back pain, especially in the acute phase [3-5]. With 
the growing evidence for manual therapy for spinal pain, 
a newfound interest in the mechanisms behind manual 
therapy emerged. Old, mechanical explanations for the 
proposed mechanisms soon gave way to new theories, based 
on the increase in basic science research [6]. Bialosky and 
colleagues in 2008 published a seminal paper proposing 
mechanisms of manual therapy including more than just 
mechanical mechanisms, now including pain-related brain 
circuitry, pain modulatory circuitry, changes in the central 
and peripheral nervous system and mechanical influences 
[7]. In 2018, Bialosky and colleagues updated this model, 
adding characteristics of the patient and provider [8]. With 
increased basic science research, a more biopsychosocial 
viewpoint of manual therapy emerged, which not only 
allows for a better potential understanding of the underlying 
mechanisms of manual therapy, but also the potential to 
enhance clinical trials. For example, it is well established that 
the physical body of a person is represented in the brain by a 
network of neurons, often referred to as a representation of 
that particular body part in the brain [9-11]. These neuronal 
representations of body parts are dynamically maintained 
[12-14] and changes in shape and size of body maps seem to 
correlate to increased pain and disability [11,15]. Emerging 
research is beginning to strengthen the notion that manual 
therapy may be a form of sensory discrimination and 
integration, positively influencing these altered cortical 
maps and easing pain [16-19]. Not only has it been shown 
that patients can understand this neuroplasticity view of 
manual therapy, but it yields superior results to mechanical 
explanations for manual therapy [16].

Another treatment often used by physical therapists is 
dry needling (DN). Emerging and growing evidence seem 

to support the use of DN for spinal pain, especially low back 
pain [20,21]. As with manual therapy, research into DN has 
not only focused on clinical trials and systematic reviews, 
but looked towards basic science to develop a greater 
understanding of the underlying mechanisms of DN. A lot 
of current focus is on DN and its effect on inhibitory pain 
mechanisms and sensitization of the nervous system [22-24]. 
Similarly, some emerging pain science research is beginning 
to tie DN to potential influences on cortical maps, similar to 
manual therapy. O’Neill and colleagues recently showed that 
DN yield significant improvements in left-right judgement 
tasks as well as two-point discrimination – both tests often 
used to determine altered cortical maps in clinical practice 
[25]. Wand and colleagues, even though specifically focusing 
on acupuncture, showed that active patient attention to 
needle placement, part of sensory discrimination and 
integration, play a role in the mechanism of needling [26].

In clinical practice it is commonplace to have patients 
complete a body diagram, indicating where they hurt. It is 
argued that this allows patients to additionally express their 
pain experience and allow clinicians much needed additional 
information needed to develop a diagnosis. Body diagrams 
have enormous variability [27] and it has often been shown 
to poorly correlate to levels of pain and disability, compared 
to other standardized measures [28,29]. Even though a lot 
is unknown about body diagrams completed by patients, 
a recent study on fibromyalgia showed a potential link to 
patient body diagrams and altered cortical body maps seen 
on advanced brain scans [30]. 

Given the emerging evidence that tactile treatment such 
as manual therapy or more discrete needle placement in DN 
may positively influence cortical maps, could DN positively 
influence body diagrams of pain? This study aimed to 
determine if DN of spinal pain (low back and neck) would 
result in positive changes of body diagrams and if such changes 
correlate to improvements in pain and patient experience.

Methods

Study Design

Two private practices in Iowa and Virginia gave 
permission for this study and research review board 
approval was obtained from Southwest Baptists University, 
Bolivar MO. Given the exploratory aim of the study a case 
series design was chosen with pre- and post-intervention 
measures.

Participants

A convenience sample of patients, meeting the inclusion 
criteria, presenting with low back or neck pain in physical 
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therapy was asked to participate in the study. Participation 
was entirely voluntary and signed informed consent was 
obtained. The goal was to capture data over a 4-month 
period. In line with previous DN studies, during the physical 
therapy physical examination if palpation tenderness over 
the affected area was found, indicative of an active trigger 
point (taught band, twitch response and referred pain), 
[31,32] patients were asked to participate in the study 
[20,33]. Per DN study protocols, patients were excluded if 
they were under the age of 18; not able to read/write the 
English language; have undergone recent surgery in the 
DN area; have a fear/phobia of needles; not willing to give 
consent for DN; lack sensation in the proposed area of DN; 
bleeding disorders; immune compromised; pregnant; have 
seizure disorders; allergic to metals or have implants in the 
affected area [20,33,34].

Therapist and Intervention

The therapists delivering the DN have undergone post-
graduate training in DN; uses DN on a regular clinical basis 
and practices DN in accordance with current state laws. The 
clinics in which the study was conducted provided consent 
for the delivery of DN and collecting data for the study. No 
personal identifiable information was collected. Patients 
were assigned a code as they enter the study, as patient 1; 
patient 2, etc. The DN was applied to the muscles containing 
active trigger points over the affected area per clinical 
discretion of the physical therapist in line with current 
treatment principles of DN for musculoskeletal pain.

Outcome Measures

Upon consent, patients completed a demographics 
questionnaire with no identifiable information being 
captured or shared with the research team, other than 
the practicing physical therapist. Five formal tests were 
conducted before and immediately after the intervention.

Self-reported pain rating – Numeric pain rating scale 
(NPRS): Spinal pain was measured with the use of a NPRS, 
as has been used in various studies for musculoskeletal pain 
[35-38]. The minimal clinical important difference (MCID) 
for the NPRS for acute/sub-acute low back pain is reported 
to be 2.0 [39] and for chronic low back pain is 1.7 [40]. 
For neck and upper extremity pain, an MCID of 3 has been 
advised [41].

Body chart (grid allocation): Prior to and immediately after 
DN, patients were asked to “color in the area they experience 
pain.” Recent pain science research has pointed to body chart 
drawings as a potential indication of the integrity of the S1 
region of the brain [19,42]. Body charts were quantified with 
an overlay grid system to produce a count of blocks covered 

during the drawings before and after DN [19]. This method 
has been used in previous studies to quantify increase and/
or decrease in body pain drawings for musculoskeletal pain 
(Figure 1) [19,43-45].

Figure 1: Example of body pain drawings with grid measure 
in patients with spinal pain before and immediately 
following DN.

Global rate of change scale: The GROC scale is global rating 
of improvement and satisfaction over the course of treatment 
[46]. 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 [47,48]. 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 the zero [49]. For purposes of 
this study the recommended 15 -point scale were used (-7 = 
very much worse, 0 = unchanged, 5 = completely recovered).
[49] The MCID for the GROC for musculoskeletal pain has 
been reported as a positive shift of 3 points or more (+3) 
[50].

All measures were conducted by an independent, non-
treating therapists to ensure results are blinded for the 
therapist providing the treatment. Upon completion of the 
immediate post-intervention measures, patients continued 
with their regular plan of care per discretion of the physical 
therapist. 
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Analysis 

All 43 observations in the original dataset were used 
calculating descriptive statistics such as sample means, 
standard deviations, and within-group correlations 
calculated and reported below. No observations were 
permanently discarded or modified in any analysis. Paired 
sample t-tests were used to evaluate any differences between 
GROC, NPRS, and Body Maps before and after treatment for 
observations with full information regarding pre- and post-
treatment measurements. 

Results

Patients

Forty-three patients participated in this study, with a 
mean age of 47.09 years (standard deviation [SD] = 12.81). 
Thirty-three of the patients (76.74%) identified as female. 
Table 1 showcases the patient demographic broken out as 
either low back pain (n = 19) or neck pain (n = 24).

Low back pain Patients (n = 19)
Mean age (years) 47.95 (11.67)

Female (%) 15 (78.95)
Mean disability (Oswestry Disability Index) 15.84 (8.32)

Duration of pain (months) 32.68 (81.98)
Mean self-reported pain rating (NPRS) 4.97 (1.93)

Mean body diagram-colored blocks 44.26 
Neck pain Patients (n = 24)

Mean age (years) (SD) = 46.42 (SD=13.85) 46.42 (13.85)
Female(%) 18 (75)

Mean disability (Neck Disability Index) 13.46 (6.07)
Mean duration of pain (months) 43.17 (55.74)

Mean self-reported pain rating (NPRS) 4.69 (2.07)
Mean body-diagram-colored blocks 25 (26.11)

Table 1: Patient demographics broken out between low back and neck pain.

Self-Reported Pain

Prior to DN, the combined sample of patients with spinal 
pain reported a mean self-reported pain rating of 4.81. 
Immediately following DN the sample’s mean pain rating 
improved significantly by 1.34 points (p < 0.001; t(42)=4.7, 

(95%CI= 0.8 - 1.9) to 3.48. Region-specific measures (Figure 
2) show DN to significantly reduce low back pain by 1.94 
points (95%CI= 1.1, 2.8) t(18)=4.8 (p < 0.001) and neck 
pain by 0.86 points (SD=1.8), 95%CI = .1-1.6, t(23)=2.3, (p 
= 0.031).

Figure 2: Self-reported pain ratings before and immediately following DN for back and neck pain.
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Patient Satisfaction

The mean GROC score after DN was 2.53 (SD=2.86). 
Twenty-five patients (58.1%) met or exceeded the MCID of 
+3 points following DN. The mean GROC for low back pain 
was 3.21 and for neck pain 2.0 after DN. A positive GROC 
score had moderate correlation (r = 0.62) with a positive 
shift in self-reported pain scores after DN.

Body Diagrams

Overall, the whole patient sample’s body diagram 
decreased in size by 50.16% following DN (95%CI = 10.8, 
22.6; t(42)=5.67, p < 0.001). When broken down between 
neck and low back pain, low back maps shrunk by 61.84% 
(95%CI= 16.1 - 38.6), t(18)=5.1, p < 0.001), whereas neck 
maps decreased by 33% (95%CI= 4.3 - 12.2, t(23)=4.4, p < 
.001) (Figure 3).

Figure 3: Body map grid scores for low back and neck 
maps before and after DN.

Correlations 

Various correlations were run on the available data 
from the study. Three significant correlations (Spearman 
Rho) were found: Higher intensities of pain were moderately 
correlated with larger body map drawings (rs = 0.461 (p = 
0.002).

A weak correlation was found between the reduction 
of pain after DN and reduction in body map drawings (rs = 
0.305 (p = 0.047).

Higher scores on the GROC were found to have a 
moderate correlation with reduction in pain after DN (rs = 
0.614 (p < 0.001).

Discussion

The results of this study show that DN in a cohort of 
patients attending physical therapy for back or neck pain 
reduce the size of body pain diagrams. Although only a 
weak correlation, the decrease in body map diagrams seem 
to correlate with a reduction in pain after DN. More robust 
changes are found for low back pain compared to neck pain. 
This is the first study to specifically demonstrate a change in 
body pain diagrams after DN.

Although this is the first study specific to body map 
drawings and DN, the results concur with a growing body 
of evidence supporting the notion that DN may in fact affect 
cortical maps of the body, which play a pivotal role in pain. 
O’Neill et. al.’s study showed that DN positively influenced 
two-point discrimination, [25] a clinical test well-described 
and used in measuring tactile perception and acuity [51,52]. 
It is hypothesized that two-point discrimination changes 
are associated with cortical map changes [52,53]. Similarly, 
recent work on patients with fibromyalgia pointed to a link 
between altered body pain diagrams and altered maps in 
the brain [30]. For the longest time, altered cortical maps 
in clinical practice was associated with rare, very complex 
pain conditions such as phantom limb pain and complex 
regional pain syndrome [12,14,54] neither conditions 
typically treated with DN. Emerging research, however is 
showing that altered cortical maps play a potentially larger 
role in commonly seen pain conditions including back pain, 
radiculopathy, knee osteoarthritis, and more – all conditions 
commonly treated in physical therapy with DN [13,14,19]. 
All of these results, and the growing body of evidence, 
pushes the agenda that clinicians should become more and 
more aware of the interplay between their treatments and its 
potential effect on cortical body maps as a means to influence 
a positive outcomes. Long gone are the days where these 
types of anomalies are only to be thought of in rare, complex 
clinical cases and may be more main stream. Additionally, 
authors, researchers, and clinicians in the field of DN should 
add cortical remapping as a potential underlying mechanism 
of DN’s positive effect on spinal pain. 

The study showed that DN yields immediate positive 
shifts in pain, especially low back pain. A striking difference 
in this study, as it pertains to pain and body pain diagrams, 
is the difference between patients with low back pain and 
those with neck pain. In this study, DN as an intervention 
to alter body pain diagrams and self-reported pain, was 
more effective for patients presenting with low back pain 
compared to neck pain. Overall, the pain distribution, as 
seen by number of grid boxes colored by patients, prior to 
intervention was higher in those presenting with low back 
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pain compared to neck pain. Similarly, starting low back pain 
was rated higher than starting neck pain, with the results 
also pointing out that pain intensity had some correlation 
to body area represented in the pain drawings. This result 
concurs with previous studies correlating pain intensity with 
the extent of a body pain diagram [55]. This would imply that 
the current study adds to the growing body of evidence that 
higher pain intensities are associated with larger body pain 
diagrams. Conversely, it is thus argued that smaller body pain 
diagrams are associated with lower pain intensity. Again, 
the results of this study strengthen that argument since 
reducing body pain drawings with DN in this study showed 
some positive correlation to smaller body pain drawings 
after intervention. In regards to neck and low back pain, in 
terms of brain maps, it is also important to acknowledge that 
two-point discrimination norms are different between the 
neck and the low back, which may also potentially explain 
the difference in body pain drawing results after DN [45,52].

The study contains various limitations. Even though it’s 
not uncommon to use case-series designs in exploratory 
studies, the case series design is limited since there’s no 
control group to compare the results to. Second, the study 
did not delineate acute, sub-acute or chronic pain, which is 
likely a confounding variable and should be considered in 
future studies. It is suggested that cortical mapping issues 
are more prevalent in chronic pain and future studies may 
want to focus on that sub-group of neck and low back pain. 
A significant shortcoming of this study was not to add 
additional sensory tests such as two-point discrimination 
or even psychosocial measures such as pain catastrophizing, 
which has been studied in this line of research to further aid 
in connecting the body of research here. 
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