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ABSTRACT
Objective: To determine if a neuroplasticity educational explanation for a manual therapy 
technique will produce a different outcome compared to a traditional mechanical explanation.
Methods: Sixty-two patients with chronic low back pain (CLBP) were recruited for the study. 
Following consent, demographic data were obtained as well as pain ratings for low back pain 
(LBP) and leg pain (Numeric Pain Rating Scale), disability (Oswestry Disability Index), fear-
avoidance (Fear-Avoidance-Beliefs Questionnaire), forward flexion (fingertips-to-floor), and 
straight leg raise (SLR) (inclinometer). Patients were then randomly allocated to receive one of 
two explanations (neuroplasticity or mechanical), a manual therapy technique to their lumbar 
spine, followed by post-intervention measurements of LBP, leg pain, forward flexion, and SLR.
Results: Sixty-two patients (female 35 [56.5%]), with a mean age of 60.1 years and mean duration 
of 9.26 years of CLBP participated in the study. There were no statistically significant interactions 
for LBP (p = .325), leg pain (p = .172), and trunk flexion (p = .818) between the groups, but SLR 
showed a significant difference in favor of the neuroplasticity explanation (p = .041). Additionally, 
the neuroplasticity group were 7.2 times (95% confidence interval  =  1.8–28.6) more likely to 
improve beyond the MDC on the SLR than participants in the mechanical group.
Discussion: The results of this study show that a neuroplasticity explanation, compared to a 
traditional biomechanical explanation, resulted in a measureable difference in SLR in patients 
with CLBP when receiving manual therapy. Future studies need to explore if the increase in SLR 
correlated to changes in cortical maps of the low back.
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Introduction

In the last two decades, the profession of physical ther-
apy (PT), including manual therapy, has seen a significant 
increase in the interest in pain science.[1,2] Original pain 
science interest centered on the understanding of pain 
biology and physiology,[3,4] clinical reasoning incorpo-
rating pain mechanisms[4–6] and ultimately, pain neu-
roscience education.[7–9] By far, the vast majority of this 
research has focused on chronic low back pain (CLBP).
[8–10] In recent years, with the advances in brain scan 
technology,[11] the focus has shifted toward a greater 
understanding of the structural and functional changes 
in the brain of someone suffering from CLBP.[12]

It is now well established that the physical body of a 
person is represented in the brain by a network of neu-
rons.[11,13–15] This representation refers to the pattern 
of activity that is evoked when a particular body part is 
stimulated. The most famous area of the brain associated 
with representation is the primary somatosensory cortex 
(S1).[11,13–15] What is interesting is that these neuronal 

representations of body parts are dynamically main-
tained and it has been shown that patients with chronic 
pain display different S1 representations than people 
with no pain.[12,16–20] The interesting phenomenon 
associated with cortical restructuring is the fact that the 
body maps expand or contract, in essence increasing or 
decreasing the body map representation in the brain. 
Furthermore, these changes in shape and size of body 
maps seem to correlate to increased pain and disability.
[12,21] Various factors have been linked to the develop-
ment of this altered cortical representation of body maps 
in S1 including neglect and decreased use of the painful 
body part.[22] This reorganization of body maps occurs 
quickly. It has been shown that when four fingers are 
webbed together for 30 min, cortical maps associated 
with the fingers change.[15] This finding has significant 
clinical importance as it underscores the importance of 
strategies such as movement, tactile, and visual stimula-
tion of the central nervous system and brain as a means 
to help maintain S1 representation.[23,24]
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body in pain, especially CLBP, it could be argued that a 
manual therapy technique may indeed also be seen as a 
form of sensory retraining,[23,24] apart from the neuro-
muscular and endogenous effects previously described. 
For example, in a recent case series of patients with CLBP, 
researchers asked patients to identify ‘where they were 
being touched’ on their low back (for 5 min), and imme-
diately following the sensory discrimination session, 
the group’s mean pain rating for LBP decreased by 1.91, 
while forward flexion improved by 4.82 cm, exceeding 
the minimal detectable change (MDC) of 4.5  cm.[24] 
The aim of this study was to see if such a neuroplasticity 
explanation, compared to a traditional biomechanical 
explanation, would result in superior results in patients 
with CLBP in regards to pain and movement.

Methodology

Study design

Institutional Review Board approval was obtained for 
the study. The study was registered as a clinical trial 
(NCT02757378). This was a randomized clinical trial (RCT) 
where participants were randomly assigned to either an 
experimental group (EG) or control group (CG) (Figure 1). 
All patients acknowledged their understanding and 

In manual therapy, traditional biomechanical models, 
used to explain to patients a proposed treatment or effi-
cacy of a certain technique or approach, have focused 
heavily on biomechanical and anatomical models.
[25–28] These models would imply that injury, disease, 
and muscle guarding may lead to altered movement 
patterns, asymmetrical loading, and resultant pain and 
dysfunction.[25–28] These biomechanical models have 
come under scrutiny, partly due to the advances in other 
fields such as use of diagnostic ultrasound, spinal imag-
ing, and brain scans.[29–31] These advances, with the 
quest of understanding how a manual technique such as 
a spinal manipulation or mobilization results in increased 
range of motion or decreased pain and disability, have 
led to exciting ‘new’ areas of endeavor. For example, it is 
now well understood that immediately following a lum-
bar spine manipulation in someone with low back pain 
(LBP), there is an immediate neurophysiological effect 
on the muscles in the affected area.[32,33] Additionally, 
manual techniques result in endogenous mechanisms in 
the central nervous system and brain, thus mediating the 
pain experience.[31,34,35] Findings like these are excit-
ing new frontiers to understand how and why a manual 
therapy approach helps people in pain. Given our knowl-
edge of rapidly changing functional maps of the human 

Figure 1. Study layout.
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willingness to participate by providing signed consent. 
Participants were informed that the study aimed to 
determine the efficacy of manual therapy for CLBP.

Randomization

Randomization was performed, using an alternating 
envelope system. Upon presenting at the clinical site, PTs 
drew an envelope which randomly assigned the patient 
to either the EG or CG. The envelopes contained identical 
information, except that the description of the manual 
therapy was different for the EG and CG.

Setting

All five PT’s collecting data were orthopedic residents. 
Each PT treated patients with CLBP, working in separate 
private practice outpatient clinics in Illinois and Iowa 
and obtained the necessary permission to participate 
in the study. Each PT was educated on the aims of the 
study, measurement tools used in the study, completion 
of forms, and delivery of the EG and CG words, prior to 
performing the manual therapy treatment. To ensure 
uniform application of the manual therapy, each PT, as 
a resident, reviewed the techniques while in class with 
a senior manual therapy instructor.

Participants and recruitment

The PTs screened all new patients with CLBP attending 
PT against the inclusion and exclusion criteria for partic-
ipation in the study. Inclusion criteria were: adults over 
the age of 18; presenting at PT with a primary complaint 
of LBP; LBP being present for 6 months or more; fluent in 
English; and willing to participate in the study. Exclusion 
criteria included: medical precautions to the use of man-
ual therapy (metal, skin lesions, etc.); prior spine surgery; 
and unable to lay prone for the treatment. The sample 
size was estimated using the Repeated Measures Analysis 
module in PASS 14 using LBP and a factorial design 
with one between factor (treatment and control) and 
one within factor (time). It was based on a Greenhouse-
Geisser Corrected F Test for the interaction between the 
two variables. In order to detect an effect size difference 
of .45 between the two arms, a total of 48 participants 
(24 participants in each arm) were needed. The analysis 
was based on a two-sided test with the significance level 
at .05 and power at 70%.

Intervention

All patients received the same manual therapy tech-
niques (central posterior–anterior mobilization), position 

Table 1. Biomechanical and anatomical explanation of manual therapy.

Neuroplasticity (EG) Biomechanical (CG)
Explanation Explanation
• �H ave a look at this picture – it’s a picture of a brain map of a human body
• �I n your brain there is a map telling you where your body parts are. For 

example, if we had you close your eyes and touch your nose with your 
right index finger, you’d have no problem doing it

• � When life is good and we move during daily tasks, work, and exercise 
these maps are ‘exercised’ and they stay healthy – sharp and crisp – so we 
know where the body parts are

• � When we have pain, move less and do less, the brain areas are not exer-
cised and in essence become blurred

• � Scientists have now shown us that this happens very fast and the more 
‘blurred’ the area is, the more pain we have

• � We can retrain the brain maps
• �T oday I am going to do some manual treatments to your back as a means 

to help your brain sharpen its maps

• �H ere is a picture of your low back
• �T here are five bones in your lower back
• � When life is good and we move, for example, bending forward, each 

level takes part in the movement and in essence shares the load
• � When we develop back pain – some levels stiffen up due to swelling and 

muscle spasms as a means to protect you
• �I  am going to do some treatment on your back with my hands to loosen 

up your back with the aim to make each level move

Picture Picture
  

Words during the treatment Words during the treatment
• �L et the patient know which level you’re on (i.e. L5) and have them verbal-

ize it
• � When moving to another level, repeat the process

• �N o mention of what is found, but rather a ‘general’ stiffness and manual 
loosing up each level
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inferior border of the patella on the most affected 
leg.[10,43,44] SLR for this study kept the ankle in 
neutral (90°) with no added dorsiflexion or plantar 
flexion, per previous studies.[10,43,44] MDC for 
SLR has been reported as a 5.7° difference.[45]

Patients completed the NPRS, underwent lumbar 
flexion and SLR testing immediately prior to receiving 
the manual therapy technique and immediately after 
manual therapy technique. Pre- and post-treatment 
measurements were performed by the therapists who 
provided the manual interventions. Following capture 
of the outcome measures and manual therapy, the PTs 
continued their treatment per their plan of care.

Statistical analysis

In order to ascertain any differences between the treat-
ment and control, 2 (group: treatment and control) × 2 
(time: pre and post) mixed factorial ANOVAs on four dif-
ferent outcome measures (LBP, leg pain, trunk flexion, 
SLR) were conducted. If an interaction between group 
and time was observed then simple main effects were 
conducted using a Bonferroni correction of .025 for two 
simple main effects tests for the within analysis (pre 
and post) of each group. If no interaction was observed, 
then main effects were analyzed. Chi-square analysis was 
used to compare the proportions of individuals in each 
treatment who exceeded the MDC for each dependent 
measure.

Results

Participants

Sixty-two patients (female 35 [56.5%]), with a mean age 
of 60.14 years and mean duration of 9.26 years of LBP, 
participated in the study (Table 2). A majority of the 
patients (n = 49 [79%]) had received manual therapy pre-
viously for their LBP. In general, patients had a positive 
experience of manual therapy for LBP, with an average 
score of 5.97/10 agreeing manual therapy had helped 
their LBP before (0 – do not agree; 10 – strongly agree).

Outcome measures
There were no statistically significant interactions for LBP 
(p = .325), leg pain (p = .172), and trunk flexion (p = .818) 

(prone), duration (10  min) and grading of the manual 
technique (grade II), per Maitland.[36] The intervention 
tested in this RCT was the difference in the educational 
models used to explain the manual therapy techniques. 
The descriptions and explanations of the proposed tech-
niques were different between the EG and CG (Table 1) 
but were equal in duration (5 min).

Outcome measures

Prior to the manual therapy techniques, all study subjects 
completed a demographics survey capturing age, gen-
der, ethnicity, income, and duration of LBP. Additionally, 
subjects were asked in regards to any previous expo-
sure to manual therapy and their perceived benefit from 
previous manual therapy (Likert scale). All patients addi-
tionally completed an Oswestry Disability Index (ODI) 
[37–39] and Fear-Avoidance Beliefs Questionnaire (FABQ) 
[40] to ascertain their level of disability and fear-avoid-
ance at the time of enrollment into the study. Four meas-
urements were taken prior to, and immediately following 
manual therapy techniques to determine the efficacy of 
the experimental intervention:

• � Pain: LBP and leg pain (if present) was measured 
using Numeric Pain Rating Scale (NPRS), as has 
been used in various spinal pain studies.[8,9,41] 
The MDC for the NPRS for LBP is reported to be 
2.0.[42]

• � Lumbar flexion: Active trunk forward flexion, meas-
ured from the longest finger on the dominant 
hand to the floor.[10,43,44] MDC for active trunk 
forward flexion has been reported as 4.5 cm.[45]

• � Straight leg raise (SLR): We used the SLR as a neu-
rodynamic measurement rather than a test of 
hamstring length. SLR was measured with an incli-
nometer placed on the tibial crest 5 cm distal to the 

Table 2. Demographic information.

Characteristic Results
Age (years; mean) 60.14
Female (%) 35 (56.5%)
White, non-Hispanic 57 (91.9%)
Duration of LBP (years; mean) 9.26
Disability (ODI; mean) 35.67
Fear-avoidance – work subscale (FABQ-W; mean) 17.28
Fear-avoidance – physical activity (FABQ – PA; mean) 16.12
Have received manual therapy before for LBP (n; %) 49 (79%)

Table 3. Means with standard deviations, including main effects of group and time, for each of the outcome variables.

*Statistically significant at p < .05.

Variable Group Pre – means and SDs Post – means and SDs Interaction effect Time main effect Group main effect
LBP Treatment 3.8 ± 2.1 3.0 ± 2.4 p = .325 p = .004* p = .180

Control 4.3 ± 2.4 4.0 ± 2.5
Leg pain Treatment 2.8 ± 2.4 2.1 ± 2.5 p = .172 p = .094 p = .892

Control 2.6 ± 2.6 2.5 ± 2.2
Trunk flexion Treatment 25.9 ± 19.1 23.1 ± 19.8 p = .818 p = .004* p = .853

Control 25.3 ± 15.4 22.1 ± 16.2
SLR Treatment 51.2 ± 18.1 56.2 ± 19.0 p = .041* p < .001* p = .662

Control 55.2 ± 20.7 56.6 ± 21.0
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again the power of words altering SLR.[49] In contrast, 
neither explanation resulted in a significant shift in LBP, 
leg pain or forward flexion. The results in regards to pain 
are expected. Given the complexity of pain, especially 
chronic pain,[1,50] it is not expected an education-alone 
session should result in immediate meaningful changes. 
This assumption is based on various pain neuroscience 
education studies showing no immediate effect on pain 
alone.[51–53] There is even evidence for an educational 
phenomenon referred to as ‘explain pain pain,’ whereby 
education about pain neuroscience results in a slight 
increase in pain after education, followed by a decrease 
over time.[47,54]

In regards to forward flexion, previous pain neurosci-
ence education studies showed immediate changes in 
forward flexion[44,47,54] but not the current study. This 
study, however, was not a pain neuroscience study, but 
rather a comparison of different explanations for a man-
ual therapy technique. In pain neuroscience education, a 
more elaborate discussion of pain science is undertaken.
[55,56] The fact that SLR changed in the short amount of 
time and not flexion is intriguing. One potential expla-
nation may be that SLR changes may be associated with 
the fact that neurodynamics is likely more affected by 
processes which may rapidly respond to education such 
as blood supply, muscle tone, etc.[57–60] In contrast, for-
ward flexion, a common physical examination,[61] and 
often associated with LBP may need more extensive 
education, including addressing fear of movement.[61] 
In the current study, the mean FABQ-PA was 16.12, and 
an FABQ-PA > 14 is associated with a higher likelihood 
of not returning to work,[62,63] which would imply a 
‘simple’ educational explanation for a manual technique 
would not be effective to alter flexion, but likely warrant 
a more comprehensive educational session.

The current study did not aim to specifically examine 
if cortical changes occurred in line with the education 
and manual techniques. Future studies will be needed 
to examine if these techniques and resultant increased 
SLR were in fact associated with cortical remapping. 
The results, however, do add to the body of growing 
evidence that manual therapy can be seen as a form of 
sensory discrimination, integration, and cortical remap-
ping. For example, recent pain neuroscience education 
studies using single-case functional magnetic reso-
nance imaging (fMRI) [41,47] have shown immediate 
cortical changes in the brain of patients with LBP, with 
one showing an immediate change in the motor cor-
tex, as well as the patient’s SLR improving 7° following 
the education.[47] Other studies aiming to examine if 
tactile information via manual touch has a therapeutic 
effect in LBP, have shown to result in SLR changes,[23] 
immediate hypoalgesic effect,[23] and improved forward 
flexion exceeding the MDC.[24] Additionally, it has been 
shown there are immediate cortical changes in the brain 
following thoracic manipulation [64] as well as motor 
control exercises.[65,66]

(Table 3). However, there was a significant interaction for 
SLR (p = .041) (Table 3, Figure 2). Simple main effects anal-
yses indicate that the SLR improved for the EG (p = .001) 
but not for the CG (p = .123) (Figure 2). Descriptive data 
and main effect p values for each outcome variable are 
available in Table 3.

The proportion of participants across the two groups 
who improved beyond the MDC was compared using 
chi-square analyses (Fisher’s exact test). There were no 
statistically significant differences for LBP (p = .055), leg 
pain (p = .676), and trunk flexion (p = 1.000); however, 
there was for SLR (p = .004). Participants in the treatment 
group were 7.2 times (95% confidence interval for odds 
ratio = 1.8–28.6) more likely to improve beyond the MDC 
on the SLR than participants in the CG (Table 4).

Discussion

The results of this study show that a neuroplasticity 
explanation, compared to a traditional biomechanical 
explanation, resulted in a measureable difference in the 
likelihood of improved SLR response in patients with 
CLBP when receiving manual therapy.

In the current study, with similar manual techniques 
applied to patients with CLBP, yet receiving different 
educational models for the manual techniques resulted 
in a difference in SLR, exceeding the MDC.[45] These 
results concur with various other pain science studies 
whereby pain neuroscience education resulted in imme-
diate changes in neurodynamic tests such as SLR and the 
upper limb neurodynamic tests.[2,44,46–48] Coppieters 
et al. showed that altering the explanation of the SLR 
test by itself from describing the test as a test of ‘muscle’ 
vs. ‘nerve’ also significantly alters SLR, showcasing once 

Figure 2.  Means and standard errors of the mean for the 
straight leg raise at the pre- and post-measurements for both 
the experimental and control groups.

Table 4. 2 × 2 contingency table for the proportion of partici-
pants who improved beyond the MDC on the SLR.

Yes No
Group Treatment Count 15 18

% within group 45.5 54.5
Control Count 3 26

% within group 10.3 89.7
Total Count 18 44

% within group 29.0 71.0
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long-term effects of such education and may be also 
from a combination of therapies including neuroscience 
education.
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Although a clear picture is yet to emerge in regards 
to manual therapy, cortical remapping and its influence 
on pain, function and movement, it does underscore 
the need for pain science to be hands-on vs. hands-off.
[67] The interest in pain neuroscience education has 
likely driven the pendulum away from traditional man-
ual approaches, which may in fact be detrimental.[68] 
A new systematic review on the efficacy of pain neu-
roscience education has highlighted that pain-educa-
tions sessions when combined with movement result in 
superior results when compared to education alone.[56] 
The current study underscores the need for combining 
education with manual therapy, ultimately strength-
ening the therapeutic alliance, which is defined as the 
working rapport or positive social connection between 
the patient and the therapist.[69–71] By virtue of its 
definition, therapeutic alliance is a complex blend of 
therapist technical skill, verbal and non-verbal commu-
nication, sense of warmth, trust, and collaboration.[69] 
One factor, heavily associated with therapeutic alliance, 
is the words clinicians chose in explaining a test or treat-
ment. It is well established that word-choice by health 
care providers can have a positive or negative influence 
on their patients, which concurs with the current study.

This study contains various limitations. First, as 
described, the increased SLR cannot be directly attrib-
uted to cortical reorganization. The treatment tech-
niques (Grade II) were arbitrarily chosen to not agitate 
the patient’s condition and not matched to presenting 
signs and symptoms, let alone specificity of the tech-
nique for the condition (a central posterior–anterior 
mobilization vs. other techniques). Even with an attempt 
to standardize the delivery of the education and manual 
therapy, there would have been differences in experi-
ence with the therapists delivering the treatment. A sig-
nificant limitation is the fact that tests and treatments 
were performed with the attending therapists, thus the 
testing therapists were not blinded to the treatment. 
No attempt was made to differentiate if the education 
before the treatment or education during the treatment 
was responsible for the proposed change, or the com-
bination of the two educational sessions, and future 
research should further explore this possibility. It is also 
important to point out that the MDC may not be clini-
cally important or relevant; however, no minimal clini-
cally important difference value has been reported for 
the SLR.[72,73]

Conclusion

The results of this study indicate that a neuroplasticity 
explanation, compared to a traditional biomechanical 
explanation, resulted in a measureable difference in SLR 
in patients with CLBP. The results also indicate no differ-
ences between the groups in regards to LBP, leg pain, 
and forward flexion. Future studies should investigate 
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