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Spinal manipulation does not affect pressure pain thresholds in the absence of 
neuromodulators: a randomized controlled trial
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ABSTRACT
Background: Measurement of pressure pain threshold (PPT) is a way to determine one of the 
many potential treatment effects of spinal manipulative therapy.
Objective: To determine how multiple spinal manipulations administered in a single-session 
affected PPTs at local and distal sites in asymptomatic individuals.
Methods: Participants were randomly assigned into one of three groups: Group one (n = 18) 
received a lumbar manipulation followed by a cervical manipulation. Group two (n = 17) received 
a cervical manipulation followed by a lumbar manipulation. The control group (n = 19) received 
two bouts of five minutes of rest. At baseline and after each intervention or rest period, each 
participant’s PPTs were obtained using a handheld algometer. The PPTs were tested bilaterally 
over the lateral epicondyles of the humerus and over the mid-bellies of the upper trapezius, 
lumbar paraspinal, and the tibialis anterior muscles. This study was registered with ClinicalTrials.
gov, and its Identifier is NCT02828501.
Results: Repeated-measures ANOVAs and Kruskal–Wallis tests showed no significant within- or 
between-group differences in PPT. Within-group effect sizes in the changes of PPT ranged from 
−.48 at the left paraspinal muscles to .24 at the left lateral humeral epicondyle. Statistical power 
to detect significant differences at α of 0.05 was calculated to be 0.94.
Conclusions: This study suggests that in young adults who do not have current or recent 
symptoms of spinal pain, multiple within-session treatments of cervical and lumbar spinal 
manipulation fail to influence PPTs. Changes in PPT that are observed in symptomatic individuals 
are likely to be primarily influenced by pain-related neuromodulators rather than by an isolated, 
mechanical effect of spinal manipulation.
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Introduction

Spinal manipulative therapy (SMT) is a key intervention 
used by manual therapists [1,2] who treat painful spi-
nal disorders.[3–7] A robust body of literature suggests 
that SMT is associated with favorable outcomes;[2,3,5,7] 
however, when compared to placebo, or no treatment, 
the overall effect size of clinical improvement following 
SMT remains modest.[8,9] A clearer understanding of 
the biomechanical and neurophysiological mechanisms 
behind SMT will help refine its utilization and improve 
its effectiveness.[10,11]

As mechanistic research continues to evolve beyond 
the assessment of local musculoskeletal effects of 
SMT,[12,13] an emerging body of literature is generat-
ing increased interest in the widespread neurophysio-
logic effects of this intervention. Although numerous 
theories describing the widespread effects of SMT have 
been proposed, two specific neurophysiological theories 
have been gaining support. The first of these theories is 
that SMT activates the periaqueductal gray area (PAG) 

in the mid-brain, which would cause a descending inhi-
bition of nociception at the spinal cord.[11,14–16] This 
generalized descending inhibition is believed to elicit a 
diffuse or global reduction in pain [15] A second widely 
supported neurophysiological theory suggests that SMT 
triggers events occurring in the spinal cord at the dorsal 
horn [17] corresponding to the spinal level to which the 
thrust is applied. These events are believed to activate 
inhibitory inter-neurons which inhibit nociceptive input 
and lead to a segmental-level specific reduction in pain 
[17]. While substantive work has been done to study the 
effects of each of these mechanisms [18–21], there is a 
paucity of data that addresses the possible interactions 
of these two proposed mechanisms in response to SMT.

One of the major barriers to studying the interac-
tion of these mechanisms is that variations in individ-
ual patient characteristics can alter perceptions of pain 
which can potentially modulate the effects of SMT. 
These characteristics include a wide array of pain-related 
beliefs and physiologic adaptations. Common examples 
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Carolina community. Individuals were excluded if they 
had any contraindications for SMT (Appendix 1), if they 
were involved in a worker’s compensation claim, cur-
rently receiving or seeking medical disability, currently 
pregnant, or taking opiate-based pain medications. 
Furthermore, after enrollment into the study but prior 
to any data collection, the participants underwent a cra-
nial nerve screen. We chose to exclude vertebral artery 
testing and incorporate instead a cranial nerve screen-
ing based on part by the findings of Kerry et al. in 2008.
[33] They found that there was little evidence to support 
the construct validity of functional pre-screening test-
ing for the vertebral artery. Instead, they recommended 
cranial nerve screening for the differential diagnosing of 
potential internal carotid artery dysfunction. Informed 
consent was obtained from all participants. This study 
was approved by the University of South Carolina 
Institutional Review Board. This study was registered 
with ClinicalTrials.gov, and its Identifier is NCT02828501.

Experimental protocol – randomization, physical 
examination, and outcome measures

After consent was obtained, the participant randomly 
selected an envelope which contained his or her group 
allocation. Individuals in the control group were given 
the option of receiving manipulation upon completion 
of the study to ensure potential benefits of manipulation 
were made available to everyone.

Once group allocation was determined, each partici-
pant underwent a physical examination including assess-
ments of cranial nerve function followed by observation 
of range of motion of both cervical and lumbar spine. 
Specifically, in order to test the first cranial nerve, the par-
ticipant was asked to smell a bottle of cleaning alcohol. 
In order to test the second cranial nerve, the participant’s 
field of vision was tested. In order to test cranial nerves III, 
IV, and VI, the participant was asked to follow an object 
being moved in an ‘H’ pattern. To test cranial nerve V, the 
participant sensation was checked on bilateral aspects of 
the face and was asked to ‘clinch’ their jaw. To assess the 
seventh cranial nerve, the participant was asked to puff 
out their cheeks, raise their eye brows, to smile, and to 
frown. As the participant was able to hear instructions, 
cranial nerve VIII was not assessed. The participant was 
asked to say ‘ahh,’ cough, and swallow in order to test cra-
nial nerves IX, X, and XII. The participant was finally asked 
to elevate their shoulders and protrude their tongue in 
order to assess cranial nerves XI and XII.

Experimental protocol – procedures

An investigator who was masked to the group allocation 
measured the participants’ pre-intervention PPT with a 
pressure algometer at locally and distally innervated sites 
of the targeted spinal segments. We chose PPT, which is 

that can adversely modulate the effects of SMT include 
a person’s fear avoidance behaviors [22–24], previous 
experiences of pain [25], high degrees of pain catastro-
phizing [25,26], altered emotional state [27], and pain 
chronicity.[28–31] Each of these different phenomena 
has been shown to either augment or inhibit neurolog-
ical activity, i.e. they act as neuromodulators and make 
it difficult to isolate consistent neurophysiologic effects 
of SMT in individuals across a spectrum of pain reports. 
Conversely, there is some evidence to suggest that posi-
tive beliefs regarding SMT can enhance the effectiveness 
of the technique. Bishop et al. found that for patients 
who believed SMT would improve their symptoms, the 
inclusion of the technique greatly helped to satisfy their 
expectations of therapy.[32] The wide array of neuro-
modulators in people who receive SMT for back pain has 
made it difficult to clarify consistent neurophysiologic 
effects of SMT. To assist further investigation, a model is 
needed to evaluate the effects of SMT in the absence of 
neuromodulators.

The purpose of this study was to determine how mul-
tiple spinal manipulations administered in a single-ses-
sion affected pressure pain thresholds (PPTs) at local 
and distal sites in asymptomatic individuals. Findings 
from this study will allow us to address the interaction 
of the local and global pain inhibiting mechanisms of 
SMT that operate on the individual in the absence of 
any neuromodulators. To determine this, we sampled 
individuals with no history of spinal pain and assessed 
PPTs before and after they received a combination of 
lumbar and cervical SMT. This design allowed us to test 
two null hypotheses. The first hypothesis was that in the 
absence of neuromodulators, there would be no differ-
ence in the local or global PPT pre- and post-interven-
tion. The second hypothesis was that there would be no 
additive effect on PPT based on the order in which SMT 
was administered in the absence of neuromodulators.

Methods

Study design

This was a cross-sectional, single-session, randomized 
control trial design with three independent groups. Each 
participant attended a single session in which he or she 
was randomly assigned to receive: (1) lumbar manipula-
tion followed by cervical spine manipulation (Group 1), 
(2) cervical spine manipulation followed by lumbar spine 
manipulation (Group 2), or (3) five (5) minutes of supine 
rest (Control Group).

Participants

This study was conducted on a convenience sample 
of adults between the ages 18 and 32 with no reports 
of low back pain or neck pain for at least 1 year were 
recruited via word of mouth at the University of South 
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defined as ‘the least stimulus intensity at which a subject 
perceives pain [34]’ as our outcome measure of inter-
est because this measure has demonstrated reliability 
[35–37] and is a quantitative method for identifying the 
presence or absence of central sensitization [28], which 
is a key response to neuromodulation.[38,39]

Once the pre-intervention PPT measures were 
obtained, the participants walked into a separate room 
to receive their first intervention. Initially, individuals in 
group one received a lumbar manipulation, individu-
als in group two received a cervical manipulation, and 
individuals in group three received five minutes of rest 
while supine. All interventions were performed by the 
primary investigator who was a licensed physical thera-
pist with over three years of clinical experience perform-
ing spinal manipulations and who was blinded to the 
PPT measurements.

Once the first intervention was performed, the partic-
ipant went back to the main room to undergo a second 
set of PPT measurements after which he or she returned 
to the treatment room to receive the second interven-
tion. Participants in group one then received a cervical 
manipulation; participants in group two received a lum-
bar manipulation, while participants in group three once 
again received a five-minute rest. Once the second inter-
vention was performed, the participants returned to the 
main room for a final set of PPT measurements. The flow 
of the study is summarized in Figure 1.

Mid-cervical spine manipulation

The cervical manipulation was performed as described 
in Dunning et al., [40]. The participant was positioned 
supine. Targeting the C4-C5 cervical segment, the clini-
cian placed the lateral aspect of his second middle pha-
lanx on the articular process of the cervical vertebra with 
the thumb slightly superior to the zygomatic arch. With 
his stabilizing hand, the clinician supported the base and 
lateral aspect of the participant’s occiput. The clinician 
positioned the participant’s cervical spine in slight exten-
sion and adequate ipsilateral side bending and contralat-
eral rotation in order to produce a physiological barrier 
(Figure 2). He then applied a high-velocity, low amplitude 
thrust in a diagonal arc to the side of the rotation toward 
the zygoma with slight superior angulation. If an audible 
‘pop’ or ‘cavitation’ was not produced on the first attempt, 
a second attempt was made. A cavitation was perceived 
by the clinician during either the first or if needed sec-
ond attempt for all manipulations. The manipulation was 
then repeated on the contralateral side.

Lumbar spine manipulation

The lumbar manipulation was performed as described 
in Beattie et al., [41] With the participant in sidelying, the 
investigator flexed the participants’ right hip and knee 

Figure 1. Flow of study.

Figure 2.  Spinal manipulative treatments. (A) Mid-cervical 
rotational manipulation. (B) Lower lumbar rotational 
manipulation.



Journal of Manual & Manipulative Therapy    175

measures were obtained, the participants were asked to 
lie supine for the remaining tests. Measures from the tibi-
alis anterior muscle were obtained approximately 2.5 cm 
lateral and 5 cm inferior to the tibial tubercle (Figure 3), 
while the PPTs for the lateral epicondyle were obtained 
over the most prominent point of the lateral epicondyle 
(Figure 3). For each measurement, the examiner used the 
following instructions: ‘I am going to begin pressing into 
your muscle, say “stop” the moment the pressure first 
changes to unpleasant pain.’ We chose the word ‘unpleas-
ant’ to be in accordance with the definition of pain as 
dictated by the International Association for the Study 
of Pain.[43] As described in Walton, the examiner used a 
rate of 5 N/s (50 kPa/s) when applying the algometer.[37] 
The same examiner took the PPT measurement in the 
same order during each assessment in order to reduce 
error, and a separate examiner recorded the findings in 
order to eliminate bias. Previous studies have reported 

and stabilized the lower extremity by placing the partic-
ipant’s right foot over the popliteal fossa of the left knee. 
The investigator then pulled the participant’s left arm in 
a medial to lateral direction in order to achieve upper 
trunk flexion. The participant’s left upper extremity was 
then allowed to rest by his or her side. An anterior and 
cephalad-directed pressure was then applied with the 
investigator’s right hand contacting the participant’s 
right shoulder. The investigator then maintained con-
tact through the thigh while bringing the participant 
under his direct line of gravity. The clinician’s left hand 
was positioned later to the L4-L5 interspinous space 
(Figure 2). A high-velocity, short amplitude thrust was 
then applied to the targeted segment using the force 
generated through the thigh contact and the hands. The 
participant was rotated to the opposite side, and the pro-
cedure was repeated. As with the cervical manipulation, 
if an audible ‘pop’ or ‘cavitation’ was not elicited on the 
first attempt, a second attempt was made. A cavitation 
was perceived by the clinician during either the first or if 
needed second attempt for all manipulations.

Measurements of PPT

PPTs were tested at four anatomic locations bilaterally, 
totaling eight sites. These sites included the lateral epi-
condyles of the humerus, and the mid-bellies of the 
upper trapezius, the lumbar paraspinal, and the tibialis 
anterior muscles. The upper trapezius and lateral epi-
condyle of the humerus were chosen as measurement 
sites that may reflect the effects of SMT for the cervical 
spine manipulation due to their proximity and segmen-
tal innervations. Specifically, the upper trapezius was 
included to assess the C4 dermatome while the lateral 
epicondyle was chosen to assess the C5 dermatome 
pattern. Likewise, the lumbar paraspinals and the tibialis 
anterior measurements were chosen to assess the effects 
of SMT for the lumbar spine manipulation. The lumbar 
paraspinals immediately lateral to the L4 spinous process 
was chosen to assess the effects of the manipulation on 
the L4 dermatome, and the tibialis anterior was chosen 
to assess the effects on the L5 dermatome.

Due to our study design, we were able to concur-
rently use the upper trapezius/lateral epicondyle of the 
humerus measurements to assess the global effects for 
SMT of the lumbar spine while using the lumbar paraspi-
nal/tibialis anterior measurements to assess the global 
effects for SMT of the cervical spine.

Measurements from the upper trapezius and tibialis 
anterior were obtained from the participant as described 
by Walton et al. as follows [37]. While in prone, the upper 
fibers of the trapezius muscle were targeted approxi-
mately 5 to 8 cm superior medial from the superior angle 
of the scapula (Figure 3). Similar to the method described 
by Koo et al. [42], measures of PPT from the erector spi-
nae muscles were obtained approximately 3 cm lateral 
from the L4-L5 spinous process (Figure 3). After these 

Figure 3. Locations of PPT measurements. (A) Upper trapezius. 
(B) Tibialis anterior. (C) Lateral epicondyle. (D) Lumbar 
paraspinals at L4.
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Results

Our results are summarized in Tables 1–4. A total of 57 
people (32  =  female) with a mean age of 21.71  years 
(ranging from 18 to 32) participated in this study. Three 
individuals were excluded from the study. One individual 
from Group 2 and Group 3 each was excluded for having 
a higher PPT than our algometer could measure, and one 
individual in Group 3 or for having an abnormal finding 
on the cranial nerve screen. There were a total of 19 indi-
viduals in the Control Group, 18 individuals in Group 1, 
and 17 individuals in Group 2 included in the analysis. 
There were no differences between the groups by gen-
der, (p = 0.593), weight (p = 0.231), or height (p = 0.723).

The results of the 3 × 3 repeated measure ANOVAs 
and Kruskal–Wallis tests showed no significant within- or 
between-group differences in PPT. Within-group effect 
sizes ranged from −.48 at the left low back (pre-inter-
vention to following the first intervention for the second 
group) to .24 at the left lateral epicondyle (pre-interven-
tion to following the first intervention for the second 
group). To determine the possibility of statistical misin-
ference due to type II error, we used our lowest effect 
size, .24, to calculate an additional post hoc power anal-
ysis using G*Power [44]. Using our sample size of 54 and 
an α of 0.05, we calculated our overall power to be 0.94, 
indicating that our study was well-powered.[46]

Discussion

Our findings suggest that in young adult individuals, who 
are not reporting current or recent pain, spinal manip-
ulation does not result in immediate change in local or 
global PPTs. The findings in our study are in concord-
ance with those found by Thomson et al. [47]. Using an 
intervention and measurement protocol similar to ours, 

excellent degrees of intra-rater reliability for each of 
these measures when obtained using this procedure; in 
all cases, the lower bound of the 95% CI has been shown 
to exceed .91.[37,39]

Data analysis

Data were analyzed using SPSS version 19 (SPSS and 
IBM Company, Chicago, IL). Descriptive statistics were 
calculated for demographic data of all participants. 
Between-group differences in gender frequency were 
assessed using chi-square. The distributions of the PPT 
for each group were tested for assumptions of normality 
using a Shapiro–Wilk test. Between-group differences in 
age, height, and weight were determined using a one-
way ANOVA with alpha = .05. Power was assessed using 
G*Power [44] with an alpha of .05, and effect sizes were 
calculated using Cohen’s d.[45]

To test our first hypothesis – that in the absence of 
any neuromodulators, there would be no difference in 
PPT before or after SMT when applied either locally or 
distally – we performed a 3 × 3 (group X time) ANOVA 
comparing the between- and within-group means from 
the pre- and first post-intervention measurements. 
Significant post hoc comparisons were to be identified 
using Scheffe’s test.

To test our second hypothesis – that in the absence of 
any neuromodulators, there would be no additive effect 
of the order or the number of thrusts – we performed 
a 3×3 (group X time) ANOVA comparing the between- 
and within-group means from all measurement points. 
Significant post hoc comparisons were to be identified 
using Scheffe’s test. For both our first and second specific 
aim, if the data violated the assumptions of normalcy, we 
used a Kruskal–Wallis one-way ANOVA by ranks.

Table 1. Pre- and post-intervention PPTs† over the lumbar paravertebral muscles*.

†All measurements are in newtons.
*Measurements were taken 3 cm lateral to the fourth lumbar spinous process.

Test condition Group Mean SD

95% confidence interval for mean

Lower bound Upper bound
Pre-Left Low Back PPT Control 62.53 22.151 51.85 73.21

Lumbar 70.21 20.875 59.48 80.94
Cervical 64.95 17.402 56.29 73.60

Post-1 Left Low Back PPT Control 50.93 18.859 41.84 60.02
Lumbar 60.76 21.077 49.92 71.59
Cervical 57.59 20.187 47.55 67.63

Post-2 Left Low Back PPT Control 52.08 18.837 43.00 61.16
Lumbar 67.82 32.698 51.01 84.63
Cervical 63.88 23.694 52.10 75.66

Pre-Right Low Back PPT Control 60.94 22.783 49.95 71.92
Lumbar 67.99 25.892 54.68 81.30
Cervical 66.33 23.582 54.61 78.06

Post-1 Right Low Back PPT Control 54.02 20.578 44.10 63.94
Lumbar 66.56 26.657 52.85 80.26
Cervical 58.22 21.702 47.42 69.01

Post-2 Right Low Back PPT Control 54.10 19.678 44.61 63.58
Lumbar 69.39 29.879 54.02 84.75
Cervical 65.25 24.965 52.83 77.67
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Table 3. Pre- and post-intervention PPTs† over the upper trapezius muscle.

†All measurements are in newtons.

Test condition Group Mean SD

95% confidence interval for mean

Lower bound Upper bound
Pre-left upper trapezius PPT Control 38.8 16.2 30.99 46.61

Lumbar 44.48 13.85 37.36 51.6
Cervical 37.91 11.57 32.16 43.67

Post-1 left upper trapezius PPT Control 37.71 14.49 30.72 44.69
Lumbar 47.49 17.67 38.41 56.57
Cervical 37.39 9.185 32.82 41.96

Post-2 left upper trapezius PPT Control 40.25 15.15 32.95 47.55
Lumbar 48.46 21.62 37.34 59.58
Cervical 39.35 10.98 33.89 44.81

Pre-right upper trapezius PPT Control 44.04 17.02 35.84 52.24
Lumbar 48.71 17.64 39.64 57.77
Cervical 41.28 14.29 34.17 48.38

Post-1 right upper trapezius PPT Control 41.76 16.15 33.98 49.54
Lumbar 49.57 18.55 40.05 59.09
Cervical 44.42 15.81 36.56 52.29

Post-2 right upper trapezius PPT Control 43.68 18.54 34.75 52.62
Lumbar 54.91 25.26 41.92 67.89
Cervical 42.57 11.8 36.7 48.44

Table 4. Pre- and post-intervention PPTs† over the tibialis anterior muscle.

†All measurements are in newtons.

Test condition Group Mean SD

95% confidence interval for mean

Lower bound Upper bound
Pre-left tibialis anterior PPT Control 58 16.46 50.07 65.94

Lumbar 62.95 21.65 51.82 74.09
Cervical 61.45 20.49 51.26 71.64

Post-1 tibialis anterior PPT Control 56.3 16.76 48.22 64.38
Lumbar 59.04 19.33 49.1 68.98
Cervical 62.93 23.58 51.21 74.66

Post-2 tibialis anterior PPT Control 57.9 17.87 49.29 66.51
Lumbar 62.56 20.23 52.16 72.96
Cervical 64.38 24.37 52.26 76.5

Pre-tibialis anterior PPT Control 60.71 18.80 51.65 69.77
Lumbar 65.59 18.49 56.08 75.1
Cervical 65.78 23.32 54.18 77.38

Post-1 tibialis anterior PPT Control 57.92 20.5 48.06 67.77
Lumbar 66.28 26.34 52.74 79.83
Cervical 61.48 17.98 52.54 70.42

Post-2 tibialis anterior PPT Control 56.99 17.95 48.34 65.65
Lumbar 68.73 27.36 54.67 82.8
Cervical 63.14 24.80 50.81 75.47

Table 2. Pre- and post-intervention PPTs† over the lateral epicondyle of the humerus

†All measurements are in newtons.

Test condition Group Mean SD

95% confidence interval for mean

Lower bound Upper bound
Pre-left lateral epicondyle PPT Control 51.82 16.63 43.80 59.83

Lumbar 55.47 18.96 45.72 65.22
Cervical 48.33 17.40 39.68 56.98

Post-1 left lateral epicondyle PPT Control 46.18 16.16 38.39 53.97
Lumbar 50.51 22.98 38.69 62.32
Cervical 46.6 14.44 39.42 53.78

Post-2 left lateral epicondyle PPT Control 43.66 13.95 36.94 50.39
Lumbar 49.48 19.93 39.23 59.72
Cervical 46.24 16.44 38.07 54.42

Pre-right lateral epicondyle PPT Control 50.05 19.38 40.71 59.39
Lumbar 58.62 19.93 48.38 68.87
Cervical 47.55 12.86 41.15 53.94

Post-1 right lateral epicondyle PPT Control 48.76 13.73 42.14 55.37
Lumbar 49.41 20.28 38.98 59.84
Cervical 48.11 14.35 40.98 55.25

Post-2 right lateral epicondyle PPT Control 48.13 19.03 38.96 57.30
Lumbar 53.61 25.26 40.62 66.67
Cervical 46.24 16.03 38.27 54.21
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the effects of spinal manipulation on temporal summa-
tion in both healthy [19] and painful individuals [18] 
using thermal pain thresholds. They found that in both 
groups, the temporal summation was mitigated by SMT. 
Further work is needed to elucidate whether SMT can 
reduce pain perception in the presence of other specific 
neuromodulators.

Limitations

A limitation to the external validity of our findings is that 
our sample participants were all in their third decade 
of life; thus, our data may not generalize to younger 
or older individuals. A second limitation is that all PPTs 
were obtained within an approximate 20-min time frame 
between the initial PPT and the final PPT; thus, we are 
unable to determine any longer-term effects of SMT on 
PPT. Since our participant population included only indi-
viduals with no current or recent history of spinal pain, 
we are unable to correlate our findings with changes in 
pain scores.

Another potential limitation to our study is that we 
did not exclude individuals who had a history of low back 
pain beyond the previous year. This threatens the inter-
nal validity of our study by the possibility that an individ-
ual who has a history of low back pain would continue 
to have neuromodulators even in the absence of pain. 
However, a recent study by Ceko et al. [60] found that 
following successful treatment of low back pain, changes 
in an individual’s central nervous system were normal-
ized. Specifically, they found that intrinsic connectivity 
of cognitive networks was partially restored following 
successful treatment. This could suggest that even if the 
participant did have a history of low back pain, neuro-
modulation that occurred at that time would be normal-
ized after a long period of symptom relief. Also, we did 
not account for any neuromodulation that might have 
occurred due to negative or positive attitudes toward 
spinal manipulation.

Masking the type of treatment and order in which they 
were administered was not possible for the participant or 
the clinician providing the intervention. However, great 
effort was made to ensure that the investigators collect-
ing and recording the PPT measurements were masked 
to the treatment and order, and the clinician providing 
the intervention was blinded to the PPT measurements. 
Additionally, no effort was made in order to ascertain 
whether latent trigger points were present at any of the 
PPT sites.

Conclusions

This study suggests that in young adults who do not 
have current or recent symptoms of spinal pain, multiple 
within-session treatments of cervical and lumbar spinal 
manipulation fail to influence PPTs. Our study provides 

these authors found that in 50 asymptomatic individu-
als, neither manipulation nor mobilization to the lumbar 
spine exhibited a statistically significant increase in PPT.

Interestingly, however, our findings are in direct con-
trast with others [48–50] that have examined PPTs in 
asymptomatic people undergoing SMT. Fernandez-de-
las-Penas [49] reported that cervical spine manipulation 
led to an immediate increase in PPT over the lateral epi-
condyles of the humerus in asymptomatic participants. 
One reason for this disagreement between this study 
and ours may be methodologic, i.e. these authors utilized 
an average of three separate readings, whereas we used 
only a single measure. We chose to use just a single read-
ing because of the potential sensitizing effect of multiple 
measures in a short period of time.[51]

In a separate sample, Fernandez-de-las-Penas and col-
leagues [48] found that after a cervicothoracic manipu-
lation, there were immediate increases in PPT over the 
C5-C6 zygapophyseal joint. These data may differ from 
ours due to the fact that they utilized a different manip-
ulation technique and took the PPT over a different 
area. Finally, Ruiz-Saez et al. in 2007 [50] reported that 
in asymptomatic individuals, PPTs increased over latent, 
or asymptomatic, trigger points in the upper trapezius 
following a cervical manipulation. This sample may dif-
fer from ours in that it violates our assumption of indi-
viduals presenting with no neuromodulators, as even 
though the participants are pain-free the presence of 
trigger points, even latent, may indicate that changes 
have occurred at the tissue level.

The literature for changes in PPT following SMT is 
more consistent when individuals with current pain are 
included. Multiple studies examining changes in pain 
thresholds in individuals with low back pain [18,52], neck 
pain [20,53–55], and lateral epicondylitis [56,57] have 
found consistent increases in PPT from spinal manipu-
lation. These findings, along with our own, could suggest 
that SMT has a stronger effect on the influences of the 
neuromodulators associated with pain than the actual 
nociceptive input itself.

One key marker of neuromodulator that has been 
investigated in the pain threshold literature is central 
sensitization. Central sensitization is a phenomenon 
whereby after repeated activation, the nociceptive sys-
tem lowers its threshold for activation, allowing normally 
innocuous stimuli to produce nociception.[51] A key 
contributor to central sensitization specific to the spinal 
cord is a C-fiber-mediated phenomenon called temporal 
summation.[58]

When a painful stimulus of unchanging intensity is 
repeatedly and rapidly presented to an individual, i.e. 
temporal summation, he or she will perceive the same 
stimulus as increasingly painful. While temporal summa-
tion is enhanced in people in a painful state [59], this 
C-fiber-mediated pain is not necessarily limited to the 
chronic pain population. Bialosky et al. have investigated 
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  [7] � Walser R, Meserve B, Boucher T. The effectiveness of 
thoracic spine manipulation for the management of 
musculoskeletal conditions: a systematic review and 
meta-analysis of randomized clinical trials. J. Man. Manip. 
Ther. 2009;17:237–246.

  [8] � Assendelft W, Morton S, Yu E, et al. Spinal manipulative 
therapy for low back pain. Ann. Intern. Med. 2003;138:871–
881.

  [9] � Childs J, Fritz J, Flynn T, et al. A clinical prediction rule to 
identify patients with low back pain most likely to benefit 
from spinal manipulation: a validation study. Ann. Intern. 
Med. 2004;141:920–928.

[10] � Bialosky JE, Simon CB, Bishop MD, et al. Basis for spinal 
manipulative therapy: a physical therapist perspective.  
J. Electromyogr. Kinesiol. 2012;22:643–647.

[11] � Bialosky J, Bishop M, Price D, et al. The mechanisms of 
manual therapy in the treatment of musculoskeletal pain: 
a comprehensive model. Man. Ther. 2009;14:531–538.

[12] � Colloca C, Keller T, Gunzburg R. Neuromechanical 
characterization of in vivo lumbar spinal manipulation. 
Part II. neurophysiological response. J. Manipulative 
Physiol. Ther. 2003;26:579–591.

[13] � Fritz J, Koppenhaver S, Kawchuk G, et al. Preliminary 
investigation of the mechanisms underlying the effects 
of manipulation. Spine. 2011;36:1772-1781.

[14] � Savva C, Giakas G, Efstathiou M. The role of the descend-
ing inhibitory pain mechanism in musculoskeletal pain 
following high-velocity, low ampulitude thrust manipu-
lation. A review of the literature. J. Back Musculoskelet. 
Rehabil. 2014;27:377–382.

[15] � Wright A. Hypoalgesia post-manipulative therapy: a 
review of a potential neurophysiological mechanism. Man. 
Ther. 1995;1:11–16.

[16] � Gay CW, Robinson ME, George SZ, et al. Immediate 
changes after manual therapy in resting-state functional 
connectivity as measured by functional magnetic 
resonance imaging in participants with induced low back 
pain. J. Manipulative Physiol. Ther. 2014;37:614–627.

[17] � Boal R, Gillette R. Central neuronal plasticity, low back pain 
and spinal manipulative therapy. J. Manipulative Physiol. 
Ther. 2004;27:314–326.

[18] � Bialosky J, Bishop M, Robinson M, et al. Spinal manipulative 
therapy has an immediate effect on thermal pain 
sensitivity in people with low back pain: a randomized 
controlled trial. Phys. Ther. 2009;89:1292–1303.

[19] � George S, Bishop M, Bialosky J, et al. Immediate effects of spinal 
manipulation on thermal pain sensitivity: an experimental 
study. BMC Musculoskelet Disord. 2006;7:68. doi:  
10.1186/1471-2474-7-68.

[20] � Martinez-Segura R, De-La-Llave-Rincon A, Ortega-
Santiago R, et al. Immediate changes in widespread 
pressure pain sensitivity, neck pain, and cervical range 
of motion after cervical or thoracic thrust manipulation 
in patients with bilateral chronic mechanical neck pain: 
a randomized clinical trial. J. Orthop. Sports Phys. Ther. 
2014;42:806–814.

[21] � Bishop M, Beneciuk J, George S. Immediate reduction 
in temporal sensory summation after thoracic spinal 
manipulation. Spine (Phila Pa 1986). 2011;11:440–446.

[22] � Crombez G, Vlaeyen J, Heuts P, et al. Pain-related fear is 
more disabling than pain itself: evidence on the role of 
pain-related fear in chronic back pain disability. Pain. 
1999;80:329–339.

[23] � Myhre K, Røe C, Marchand GH, et al. Fear-avoidance beliefs 
associated with perceived psychological and social factors 
at work among patients with neck and back pain: a cross-
sectional multicentre study. BMC Musculoskelet Disord. 
2013;14:2369–350.

a framework for investigating the effects of SMT on both 
the local and global mechanisms of pain reduction in 
the absence of any neuromodulators. Further work 
needs to be done to address how SMT at multiple lev-
els affects pain perception in the presence of specific 
neuromodulators.
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Appendix 1

Contraindications for Spinal Manipulative Therapy Used in 
our Study.
The presence of any of the following factors will exclude the 
subject from this study:

(1) � �  Currently involved in a worker’s compensation 
claim or in personal injury litigation.

(2) � �  Currently on, or applying for, permanent or tem-
porary disability due to a medical or mental health 
condition.

(3) � �  Activity-limiting pain arising from any site other 
than listed in the specific entry criteria.

Additional exclusion criteria include the presence of any of 
the following conditions as determined by prior medical and/
or radiographic examination or initial MRI:

• � pregnancy;
• � spinal osteoporosis;
• � inflammatory joint disease;
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