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Abstract: Physiotherapists commonly use mobilizations for treating patients with thoracic spine
pain (TSP). There is evidence to suggest that spinal mobilizations can decrease pain. Different
doses of mobilization treatment are applied, however there is a paucity of evidence on the influence
of these dosage parameters. The effect of different forces of treatment remains unknown. This
study aimed to investigate whether there was a difference in the hypoalgesic effect of high and low
force thoracic mobilizations. This single-blinded, randomized, within-subject, repeated measures,
cross-over design recruited 28 asymptomatic participants. Participants received the experimental
conditions of high (200 N) and low force (30 N) mobilizations to T6 at least 48 h apart. Pressure pain
thresholds (PPTs) were measured before and immediately after each experimental intervention at
three different standardized sites. The results demonstrated that high force thoracic mobilizations
caused a significant increase in PPT measures compared to low force mobilizations. This effect
was detected at all PPT sites. This study suggests that high force thoracic PA mobilizations cause
a significantly greater hypoalgesic response in asymptomatic participants than low force thoracic
mobilizations. The hypoalgesic response seems to be elicited not only locally at the site of the
intervention, but in a widespread manner.

Keywords: thoracic mobilization; mobilization force; hypoalgesic response; pressure pain thresholds

1. Introduction

Spinal pain is a ubiquitous problem affecting a large proportion of the population [1].
Low back pain is the most common musculoskeletal complaint [2], with a lifetime preva-
lence of 57% [1,3], while thoracic spine pain has a lower prevalence of approximately
13–17% [3,4]. Physiotherapists use a range of modalities to treat spinal pain, with na-
tional guidelines advocating, exercise with or without psychological support and manual
therapy [3,4].

Spinal passive joint mobilizations are manual therapy techniques commonly used
by physiotherapists in the management of musculoskeletal conditions of the thoracic
spine [5,6] with the aim of decreasing pain, stiffness, and muscle activity, and increasing
the range of movement [7–10]. Mobilization consists of low velocity passive oscillatory
movements within or at the limit of the joint’s range of motion [5]. It has been proposed
that the effects of mobilizations are predominantly neurophysiological [11]. Spinal and
supraspinal neurophysiological mechanisms have been proposed to be involved in mo-
bilization induced analgesia [8,11,12]. Pain modulation at the level of the spinal cord is
supported by studies reporting an immediate reduction in temporal summation following
spinal manual therapy [13–15]. Mobilizations may also reduce central sensitization through
the depression of dorsal horn neurons [16].
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In addition, there is evidence to suggest that a descending pain inhibition mechanism,
activated by the central nervous system (periaqueductal gray) after the application of
mobilizations, may be responsible for providing a hypoalgesic response in a widespread
manner [12]. Skyba et al. [17] provided support for involvement of the PAG using phar-
macological manipulation of neurotransmitters, and studies using functional magnetic
resonance reported a trend towards decreased activation of the brain areas associated with
pain [18] and changes in the functional connectivity in supraspinal areas [19] following
mobilization.

A number of randomized controlled trials (RCTs) have demonstrated that spinal
mobilizations have a hypoalgesic effect, as measured by pain pressure thresholds (PPT), in
asymptomatic participants and similarly in populations suffering from musculoskeletal
pain [20–24]. This hypoalgesic response seems to be detected not only locally at the site of
mobilizations but also at distant locations in the limbs [20,21,23]. Most of the studies have
been conducted on the cervical spine. One controlled, single blinded study investigating
the hypoalgesic effect of thoracic mobilizations in asymptomatic participants reported a
significant increase in pain pressure thresholds (PPTs) compared to a control group [25].

Treatment dose is a term used by clinicians to describe the parameters of the mobi-
lization treatment applied by the therapist [26]. The mobilization treatment dose, as used
in clinical practice, consists of the following elements: grade (related to force), amplitude,
rate, rhythm, and duration [27]. Despite the wide use of mobilization techniques in clin-
ical practice, there is a paucity of evidence about the optimal dose, and it is not known
whether the dose of the treatment influences the hypoalgesic response. A few studies have
investigated different dosages of lumbar mobilizations and reported no significant influ-
ence on PPTs between different rates and different amplitudes [28,29]. However, Pentelka
et al. [30] suggested that a longer treatment duration may have an increased hypoalgesic
effect. Recently, another study revealed an overall increase in PPTs after the application
of rotatory posteroanterior mobilizations on T4 with different rates, but a statistical analy-
sis did not show any significant difference among PPT measures [31]. Two similar pilot
studies have investigated the effects of changing the amount of the force of mobilization
in peripheral joints [32,33]. Vicenzino et al. [32] suggested that a lateral glide to the elbow
with a force threshold of 62.2 N might be sufficient to produce hypoalgesia in patients with
lateral epicondylalgia, while McLean et al. [33] reported that a hypoalgesic response was
elicited by a magnitude of force equal to 66% of the maximum force applied (113.2 N). One
randomized controlled study [34] compared the application of mobilization with low force
(30 N) and high force (90 N) on the cervical spine of symptomatic participants. The results
showed no significant differences on PPTs. However, in another recent study Hebron [35]
reported that higher treatment forces may be associated with a greater immediate reduction
in pain measured by PPT and Verbal Rating of Pain (VRP) after the application of lumbar
mobilizations in patients with chronic low back pain.

The pain relieving effect of different magnitudes of force of mobilizations remains
unknown. This study set out to investigate the effect of thoracic mobilizations applied
with high forces and low forces on PPTs of asymptomatic participants. The hypoalgesic
effect was measured by PPTs at locations close to and distant from the intervention site, so
any local or widespread effects were investigated for further insight into the extent of the
hypoalgesic effect.

2. Materials and Methods
2.1. Participants

The power analysis software G-Power (version 3.1, Universitat Kiel, Kiel, Germany)
was utilized to determine the a-priori sample size. The effect size of 0.21, an alpha and
beta of 0.05, and a power of 0.95 [36], indicated a sample power of 25 participants. To
allow for the eventuality of dropouts, we included twenty-eight asymptomatic participants
(9 males and 19 females) who were recruited via university email. The participants had
a mean age of 29.4 (±1.87) years and a mean body mass index of 23.2 (±0.6) kg/m2. Ten
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were physiotherapy naïve. Participants were excluded from this study if they had a history
of spinal pain in the last 12 months or any precautions or contraindications to manual
therapy [37]. Participants gave written informed consent prior to taking part in the study.
Ethical approval was granted by the University of Brighton (Brighton, UK) ethics panel
(2 July 2014).

2.2. Research Design and Experimental Procedure

This study used a single-blinded, randomized, within-subject, repeated measures,
crossover design. As we included asymptomatic participants, this could be regarded as
a pilot study. Each subject attended two experimental sessions, at least 48 h apart, in
order to control for carry-over effects. Participants received each experimental condition
in a randomized order. On the first attendance, each participant was asked to choose one
of the two small wrapped pieces of paper. Each paper was assigned the letter “H” or
“L”, representing the high force and the low force mobilization respectively. To assess
changes to pain level sensitivity, PPTs were measured before and also immediately after
each experimental condition, using a digital pressure algometer fitted with a 1 cm tip FPX®

(Wagner instrument, Greenwich, CT, USA), which was applied perpendicular to the skin by
a research assistant who was blind to the condition applied. Pressure algometry has been
used to measure PPTs and shown good to excellent reliability within and across consecutive
days [38–40].

The participants were instructed to signal to the researcher when they identified that
the sensation produced by the algometer ‘changed from pressure to discomfort or pain’.
To familiarize participants with the algometer application, a ‘practice PPT’ on a body part
not involved in the study was taken before the experimental measurements. Three PPT
measurements were taken before and immediately after each experimental procedure,
resulting in a total of six measurements (three before and three after) at each site. Three sites
were chosen in order to establish the local or widespread hypoalgesic response (Figure 1).
These sites were marked to standardize the repositioning of the algometer.
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Then, a physiotherapist with 7 years of experience on musculoskeletal conditions and
manual therapy techniques, applied the corresponding chosen experimental intervention.
Oscillatory, grade III, central PA mobilizations were applied to the T6 spinous process
using a pisiform grip [5]. A metronome set to 60 beats per minute (1 Hz) was used to
control the rhythm of mobilization (Seiko DM-51, Seiko Instruments Inc., Tokyo, Japan).
The mobilization was applied in four sets in each experimental intervention with a 1 min
duration and a 1 min rest period between sets. The mobilizations were performed by the
same experienced manual therapist. The experimental conditions consisted of either:

(1) High force mobilization, target peak force 200 N
(2) Low force mobilization, target peak force 30 N

The force of mobilization was measured and monitored by the use of a plinth mounted
on a force plate (AMTI OR6-7 Advanced mechanical Technology Inc., Watertown, MA, USA)
linked to a computer screen, so the researcher could gain real time feedback of the mobi-
lization being applied. This instrumentation has been utilized in other studies [7,28–30,41].
The order of the experimental procedure is demonstrated in Figure 2.
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2.3. Data Analysis

All analyses were done using the statistical package for social science (SPSS) software
(version 22, SPSS Inc., Chicago, IL, USA). All the data were tested for normality using
the Shapiro–Wilk test. A three-way repeated measures (ANOVA) was utilized to test PPT
data with three within participants’ variables, condition (two levels: high force and low
force), time (two levels: before and after), and site (three levels: T6, mid-forearm and fibula).
Agresti and Finlay [42] suggested that analysis of variance (ANOVA) is robust to be used
even when minor departures from normality remain.

The Intraclass Correlation Coefficients (ICC) were used to test the reliability of the
baseline PPT measurements for the two experimental conditions (single measure, two way
mixed). The standard error of measurement (SEM) and the minimal detectable change
(MDC) were also calculated.

A chi-square analysis was used to test for a statistically significant relationship between
the magnitude of force and participants’ response measured by changes in PPT.

The mean peak forces were calculated using a Macro written in Visual BASIC for
Applications in Microsoft Office Excel 2007 software (Microsoft Inc. Redmond, WA, USA).
This software calculated the mean high or low force of each applied set of mobilization.

The cumulative proportion of the responders’ analysis was used as a method to
describe the likelihood of response over a range of response levels [43].

3. Results

All 28 participants completed the study successfully, with no adverse effects.
The chi-square analysis based on changes in PPT of SEM or greater using the frequency

of responders at each PPT site for each experimental intervention, found that there was a
significant association between the magnitude of force and whether participants responded
immediately after each intervention (Table 1).

Table 1. X2 = Chi-square analysis based on standard error of measurement (SEM). Number of
responders (n = 28).

High Force Low Force p Value

T6 level
14 responders 5 responders p = 0.011

14 non-responders 23 non-responders

Mid-forearm
19 responders 6 responders p = 0.000

9 non-responders 22 non-responders

Fibula
11 responders 4 responders p = 0.035

17 non-responders 24 non-responders

The chi-square analysis using the frequency of responders exceeding MDC, revealed
that there was no association between magnitude of force and participants’ response, at
least for the T6 site and fibula site. A significant association appeared to exist only for the
mid-forearm site (Table 2).

Table 2. X2 = Chi-square analysis based on minimal detectable change (MDC). Number of responders
(n = 28).

High Force Low Force p Value

T6 level
2 responders 0 responders

p = 0.150
26 non-responders 28 non-responders

Mid-forearm
4 responders 0 responders

p = 0.038
24 non-responders 28 non-responders

Fibula
0 responders 0 responders -

28 non-responders 28 non-responders
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Cohen’s D was calculated to show the effect size in each site [44]. For the T6 site,
Cohen’s D is 0.3, for the mid-forearm site it is 0.2, and for the fibula site it is 0.0.

3.1. Reliability of Baseline Data

The reliability statistics demonstrated good-excellent between-day, intra-rater reliabil-
ity at all measurements sites (Table 3).

Table 3. Reliability of baseline measurements.

Site ICC 95% CI SEM MDC

T6 level 0.76 0.54–0.88 1.12 3.1

Mid forearm 0.87 0.75–0.94 0.76 2.1

Fibula 0.74 0.51–0.87 0.94 2.6
ICC = intraclass correlation coefficient, CI = 95% confidence interval, SEM = standard error of measurement,
MDC = minimal detectable change.

The mean peak high force recorded in this study was 196.3 N (±21.01) and the mean
peak low force was 31.8 N (±3.1).

The consistency of the different magnitude of force for each experimental condition
was recorded via the force platform. Examples can be seen in Figure 3.
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3.2. Cumulative Responders Analysis

The cumulative proportion of the responders analysis (Figure 4) demonstrated that at
the T6 paravertebral site, approximately 85% of the participants experienced an increase in
PPTs following the high force mobilization. The corresponding proportion of responders
after the low force mobilization was approximately 65%. Furthermore, according to the
graph, the level of response was greater after the high force mobilization than the low force.
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Figure 4. Cumulative proportion of responders analysis graph T6 after high and low mobilizations.

Figure 5 demonstrates that at the Mid-forearm site the proportion of responders after the
high force mobilization was approximately 79%, and after the low force, approximately 69%.
Similarly, the level of response was greater immediately after the high force intervention.
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Figure 5. Cumulative proportion of responders analysis graph Mid Forearm after high and low
mobilizations.

The fibula site presented the minimum difference regarding the proportion of respon-
ders (Figure 6). Approximately 79% of participants responded after high force mobilization
and approximately 71% after low force. However, in agreement with the other sites high
force intervention caused a greater level of response compared with the low force.
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Figure 6. Cumulative proportion of responders analysis graph Fibula after high and low mobilizations.

3.3. Main Analysis

The changes in PPT sites before and after each experimental condition, and the actual
change in PPTs for each site, are depicted in Figures 7 and 8, respectively. The mean baseline
values, the mean increase (kg/cm2), and the mean percentage change (%) of each PPT site
after each experimental condition are displayed in Table 4.
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Table 4. Mean baseline values, mean increase and percentage change (%) of PPT in each experimental
condition. SD = Standard deviation.

Site High Force Low Force

Mean (SD)
Baseline Value

(kg/cm2)
(Range)

Mean (SD)
Actual Change

(kg/cm2)
(Range)

%Change (SD)
(Range)

Mean (SD)
Baseline Value

(kg/cm2)
(Range)

Mean (SD) Actual
Change (kg/cm2)

(Range)

%Change
(SD)

(Range)

T6 level 5.5 (±2)
(11–3.1)

1.2 (±1.3)
(4.8–−1.3)

25 (±29.5)
(139.3–−23.8)

5.9 (±2.5)
(12.4–2.8)

0.2 (±0.9)
(2.4–−1.5)

4.4 (±16.8)
(66–−16.9)

Mid forearm 4.8 (±2)
(9.5–1.8)

0.9 (±0.9)
(2.6–−0.6)

19.7 (±24)
(97.7–−11.9)

4.9 (±2.3)
(11.1–1.4)

0.3 (±0.6)
(1.5–−0.9)

6.8 (±14.1)
(31.4–−20.2)

Fibula 5.2 (±1.6)
(8.5–2.4)

0.7 (±0.9)
(2.4–−1)

14.6 (±19.5)
(65.3–−18.9)

5.6 (±2.1)
(10.5–2.4)

0.3 (±0.7)
(1.8–−1)

6.2 (±13.3)
(37.5–−20.3)

The research question in this study was to establish the effect of thoracic mobilizations
applied with high and low forces. This question is answered by time × condition interaction
effect. The ANOVA found a significant time × condition interaction effect, indicating that
there was a significant difference in the change in PPT between the high and low force
mobilization, with the high force mobilizations eliciting a significantly greater increase
in PPT compared to the low force mobilizations. Specifically, following the high force
mobilization, at T6 level there was a 25% (±29.5) change in PPT after the high force
mobilization, at mid-forearm a 19.7% (±24) change, and at fibula a 14.6% (±19.5) change.
The percentage changes after the low force mobilization were 4.4% (±16.8) for T6 level,
6.8% (±14.1) for mid-forearm, and 6.2% (±13.3) for the fibula site.

The time × site interaction effect failed to reach significance (F1,28 = 0.812, p = 0.449),
suggesting that there was no difference in the pre-post mobilization change in PPT at the
different measurement sites.
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4. Discussion

The primary findings of this study revealed that higher force thoracic PA mobilizations on
asymptomatic volunteers elicited a significantly greater immediate hypoalgesic response than
lower force thoracic mobilizations (time × condition interaction effect). The effect size for the
difference between high and low mobilizations was small. When investigating the difference
between different mobilization treatment doses, a small effect size is anticipated, as both doses
would be expected to produce hypoalgesia via both specific and non-specific effects.

The majority of studies investigating the effects of mobilizations use Grade III am-
plitude of mobilizations [20–23,45]. However, no details about the magnitude of force
applied are given in these research papers, so comparisons cannot be made. One study
comparing high force (90 N) with low force (30 N) cervical mobilizations in patients with
neck pain found no significant differences on PPTs (measured at three different sites) [34].
However, this study was conducted in a different area of the spine, and on a symptomatic
population, where differences in response may be magnified due to factors such as severity,
irritability of the complaint, and patients’ beliefs and fears. In addition, the difference in
our findings to that study might be due to the difference in treatment duration, as the
current study employed a longer treatment duration, and the difference between forces
may not have been evident with a shorter treatment duration. The findings of this study
are in agreement with a randomized controlled trial using chronic low back pain patients,
which reported that force of mobilization treatment had a significant mediating effect on
PPT and verbal rating pain on movement, with greater forces of mobilizations creating a
greater analgesic effect [35]. The findings of this study provide further evidence that higher
forces of treatment may create a greater hypoalgesic response. Clinically, these findings
suggest that, where pain and patients’ beliefs allow, clinicians should consider using higher
treatment forces.

The hypoalgesic effect was significantly greater after the high force mobilizations not
only locally at the site of the intervention, but at all sites, suggesting a widespread effect (see
Table 3). However, the effect size diminished at more distant sites. Two systematic reviews
stated that spinal manual therapy seems to induce a widespread analgesic effect in healthy
participants, in participants subjected to experimentally induced pain, and in patients with
musculoskeletal pain [9,46]. Similarly, Sterling et al. [23] applied cervical mobilizations on
patients with whiplash associated disorders and found increased PPTs on the treatment
group locally and distantly from the site of mobilization (24.1% at the cervical spine, 11.3%
at the elbow, 7.8% at the tibialis anterior on the leg). In the current study, the statistical
analysis showed that the time*site interaction effect was not significant, suggesting that
there were no significant changes between the PPT sites. The overall analysis supports a
widespread hypoalgesic effect of mobilizations. The decreased effect sizes suggest that the
hypoalgesic effect is diminished at more remote locations. The effect sizes are small, which
is to be expected as this study was comparing two similar interventions each of which
induce a hypoalgesic response. Larger effect sizes might be anticipated when comparing a
treatment to a control intervention.

It is hypothesized that mobilizations may induce analgesia mediated by neurophys-
iological mechanisms at the spinal cord [13,14] and descending pain inhibition mecha-
nisms [8,12]. The results of this study seem to support the hypothesis that this widespread
effect might be associated with the activation of these mechanisms [47]. The analysis
showed that the T6 site, measured adjacent to the T6 spinous process, had a greater %
change (25%) than the other sites, and thus the greatest hypoalgesic effect, after the high
force intervention. A greater local analgesic effect has also been demonstrated in other
studies using PPTs and supporting a widespread response [23,29,30]. The trend towards
a greater local analgesia might suggest an involvement of both spinal and supraspinal
analgesic mechanisms.

This study provides support that PA thoracic mobilizations induce a hypoalgesic effect.
The statistical analysis revealed that the effect of time was significant, suggesting that thoracic
mobilizations using either high or low force caused significant changes in PPTs.
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Limitations

The aim of this study was to investigate the difference between high and low treatment
force and thus it did not include a control group, and the overall treatment effect could
be due to factors such as regression to the mean and the non-specific effects of treatment.
The hypoalgesic effects of mobilization using a placebo controlled study design have been
demonstrated previously, and have been the subject of two recent systematic reviews [9,46].

Another limitation of this study is that only asymptomatic participants were recruited,
and it would be beneficial to establish whether the effects of different mobilization forces
are observed in symptomatic participants. This would also enable the inclusion of patient
reported pain measures. Despite the fact that PPTs have been used in order to investigate
the hypoalgesic effect of mobilizations, the clinical relevance of the increased or decreased
PPTs still remains unclear [20–23,25]. A dissociation between PPT values and verbal rating
pain has been reported following cervical mobilizations on participants with neck pain [22]
and in participants with low back pain [35]. Therefore, future studies using symptomatic
participants are necessary for the clear understanding of the clinical relevance of PPT.

Many of the participants in this study were physiotherapy students, so they were
not naïve to the potential effects of mobilizations. Therefore, the effects could have been
influenced by their expectations [48].

5. Conclusions

This study demonstrated that high force thoracic PA mobilizations on asymptomatic
volunteers elicited a significantly greater immediate hypoalgesic response than low force thoracic
mobilizations. Furthermore, this study supported the evidence that mobilizations may induce a
widespread hypoalgesic effect as measured by PPTs. Although more studies using symptomatic
participants are needed, the results of this study suggest that, where pain and patients’ beliefs
allow, clinicians might consider using higher force mobilization treatment.

Author Contributions: Conceptualization, C.S., K.G. and C.H.; Data curation, C.S. and K.G.; Formal
analysis, C.S.; Funding acquisition, C.S.; Investigation, C.S.; Methodology, C.S., K.G. and C.H.; Project
administration, C.S.; Resources, C.S.; Supervision, C.H.; Validation, C.S.; Visualization, C.S. and C.H.;
Writing—original draft, C.S.; Writing—review & editing, C.S., G.K. and C.H. All authors have read
and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Institutional Review Board (or Ethics Committee) of University of
Brighton (2 July 2014).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Not applicable.

Acknowledgments: The authors wish to thank the University of Brighton for its guidance and
technical support for the completion of this research.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Webb, R.; Brammah, T.; Lunt, M.; Urwin, M.; Allison, T.; Symmons, D. Prevalence and Predictors of Intense, Chronic, and

Disabling Neck and Back Pain in the UK General Population. Spine 2003, 28, 1195–1202. [CrossRef]
2. Froud, R.; Patterson, S.; Eldridge, S.; Seale, C.; Pincus, T.; Rajendran, D.; Fossum, C.; Underwood, M. A systematic review and

meta-synthesis of the impact of low back pain on people’s lives. BMC Musculoskelet. Disord. 2014, 15, 50. [CrossRef] [PubMed]
3. Leboeuf-Yde, C.; Nielsen, J.; Kyvik, K.O.; Fejer, R.; Hartvigsen, J. Pain in the lumbar, thoracic or cervical regions: Do age and

gender matter? A population-based study of 34,902 Danish twins 20–71 years of age. BMC Musculoskelet. Disord. 2009, 10, 39.
[CrossRef] [PubMed]

4. Briggs, A.M.; Smith, A.J.; Straker, L.M.; Bragge, P. Thoracic spine pain in the general population: Prevalence, incidence and
associated factors in children, adolescents and adults. A systematic review. BMC Musculoskelet. Disord. 2009, 10, 77. [CrossRef]
[PubMed]

http://doi.org/10.1097/01.BRS.0000067430.49169.01
http://doi.org/10.1186/1471-2474-15-50
http://www.ncbi.nlm.nih.gov/pubmed/24559519
http://doi.org/10.1186/1471-2474-10-39
http://www.ncbi.nlm.nih.gov/pubmed/19379477
http://doi.org/10.1186/1471-2474-10-77
http://www.ncbi.nlm.nih.gov/pubmed/19563667


Diagnostics 2023, 13, 544 12 of 13

5. Maitland, G.D. Vertebral Manipulation, 5th ed.; Butterworth-Heinemann Ltd.: London, UK, 1986; pp. 233–235.
6. Hengeveld, E.; Banks, K. (Eds.) Maitland’s Vertebral Manipulation-Volume 1, 8th ed.; Churcill Livingstone Elsevier Ltd.: London,

UK, 2014; pp. 140–142.
7. Lee, R.Y.; McGregor, A.H.; Bull, A.M.; Wragg, P. Dynamic response of the cervical spine to posteroanterior mobilisation. Clin.

Biomech. 2005, 20, 228–231. [CrossRef] [PubMed]
8. Schmid, A.; Brunner, F.; Wright, A.; Bachmann, L.M. Paradigm shift in manual therapy? Evidence for a central nervous system

component in the response to passive cervical joint mobilisation. Man. Ther. 2008, 13, 387–396. [CrossRef]
9. Voogt, L.; de Vries, J.; Meeus, M.; Struyf, F.; Meuffels, D.; Nijs, J. Analgesic effects of manual therapy in patients with muscu-

loskeletal pain: A systematic review. Man. Ther. 2015, 20, 250–256. [CrossRef]
10. Pfluegler, G.; Kasper, J.; Luedtke, K. The immediate effects of passive joint mobilisation on local muscle function. A systematic

review of the literature. Musculoskelet. Sci. Pract. 2019, 45, 102106. [CrossRef]
11. Bialosky, J.E.; Bishop, M.D.; Robinson, M.E.; Zeppieri, G.; George, S. 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.
[CrossRef]

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

13. Bishop, M.D.; Beneciuk, J.M.; George, S.Z. Immediate reduction in temporal sensory summation after thoracic spinal manipulation.
Spine J. 2011, 11, 440–446. [CrossRef] [PubMed]

14. George, S.Z.; Wittmer, V.T.; Fillingim, R.B.; Robinson, M.E. Fear-Avoidance Beliefs and Temporal Summation of Evoked Thermal
Pain Influence Self-Report of Disability in Patients with Chronic Low Back Pain. J. Occup. Rehabil. 2006, 16, 92–105. [CrossRef]
[PubMed]

15. Bialosky, J.E.; Bishop, M.D.; Price, D.D.; Robinson, M.E.; George, S.Z. The mechanisms of manual therapy in the treatment of
musculoskeletal pain: A comprehensive model. Man. Ther. 2009, 14, 531–538. [CrossRef] [PubMed]

16. Boal, R.W.; Gillette, R.G. Central Neuronal Plasticity, Low Back Pain and Spinal Manipulative Therapy. J. Manip. Physiol. Ther.
2004, 27, 314–326. [CrossRef] [PubMed]

17. Skyba, A.D.; Radhakrishnan, R.; Rohlwing, J.J.; Wright, A.; Sluka, A.K. Joint manipulation reduces hyperalgesia by activation of
monoamine receptors but not opioid or GABA receptors in the spinal cord. Pain 2003, 106, 159–168. [CrossRef]

18. Malisza, K.L.; Stroman, P.W.; Turner, A.; Gregorash, L.; Foniok, T.; Wright, A. Functional MRI of the rat lumbar spinal cord
involving painful stimulation and the effect of peripheral joint mobilization. J. Magn. Reson. Imaging 2003, 18, 152–159. [CrossRef]

19. Gay, C.W.; Robinson, M.E.; George, S.; Perlstein, W.M.; Bishop, M. 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.
Manip. Physiol. Ther. 2014, 37, 614–627. [CrossRef]

20. Vicenzino, B.; Collins, D.; Wright, A. The initial effects of a cervical spine manipulative physiotherapy treatment on the pain and
dysfunction of lateral epicondylalgia. Pain 1996, 68, 69–74. [CrossRef]

21. Vicenzino, B.; Collins, D.; Benson, H.; Wright, A. An investigation of the interrelationship between manipulative thera-py-induced
hypoalgesia and sympathoexcitation. J. Manip. Physiol. Ther. 1998, 21, 448–453.

22. Sterling, M.; Jull, G.; Wright, A. Cervical mobilisation: Concurrent effects on pain, sympathetic nervous system activity and motor
activity. Man. Ther. 2001, 6, 72–81. [CrossRef]

23. Sterling, M.; Pedler, A.; Chan, C.; Puglisi, M.; Vuvan, V.; Vicenzino, B. Cervical lateral glide increases nociceptive flexion reflex
threshold but not pressure or thermal pain thresholds in chronic whiplash associated disorders: A pilot randomised controlled
trial. Man. Ther. 2010, 15, 149–153. [CrossRef] [PubMed]

24. La Touche, R.; Paris-Alemany, A.; Mannheimer, J.S.; Angulo-Díaz-Parreño, S.; Bishop, M.; Centeno, A.L.-V.; von Piekartz, H.;
Fernandez-Carnero, J. Does Mobilization of the Upper Cervical Spine Affect Pain Sensitivity and Autonomic Nervous System
Function in Patients With Cervico-craniofacial Pain? A randomized-controlled trial. Clin. J. Pain 2013, 29, 205–215. [CrossRef]
[PubMed]

25. Fryer, G.; Carub, J.; McIver, S. The effect of manipulation and mobilisation on pressure pain thresholds in the thoracic spine. J.
Osteopat. Med. 2004, 7, 8–14. [CrossRef]

26. Maitland, G.D.; Hengeveld, E.; Banks, K.; English, K. Maitland’s Vertebral Manipulation, 6th ed.; Butterworth-Heinemann Ltd.:
Oxford, UK, 2001; pp. 34–37.

27. Petty, N.J. Principles of Neuromusculoskeletal Treatmentand Management: A Handbook for Therapists, 2nd ed.; Churchill Livingstone
Elsevier Ltd.: London, UK, 2011; pp. 230–231.

28. Krouwel, O.; Hebron, C.; Willett, E. An investigation into the potential hypoalgesic effects of different amplitudes of PA
mobilisations on the lumbar spine as measured by pressure pain thresholds (PPT). Man. Ther. 2010, 15, 7–12. [CrossRef] [PubMed]

29. Willett, E.; Hebron, C.; Krouwel, O. The initial effects of different rates of lumbar mobilisations on pressure pain thresholds in
asymptomatic subjects. Man. Ther. 2010, 15, 173–178. [CrossRef]

30. Pentelka, L.; Hebron, C.; Shapleski, R.; Goldshtein, I. The effect of increasing sets (within one treatment session) and different set
durations (between treatment sessions) of lumbar spine posteroanterior mobilisations on pressure pain thresholds. Man. Ther.
2012, 17, 526–530. [CrossRef]

http://doi.org/10.1016/j.clinbiomech.2004.09.013
http://www.ncbi.nlm.nih.gov/pubmed/15621330
http://doi.org/10.1016/j.math.2007.12.007
http://doi.org/10.1016/j.math.2014.09.001
http://doi.org/10.1016/j.msksp.2019.102106
http://doi.org/10.2522/ptj.20090058
http://doi.org/10.1054/math.1995.0244
http://doi.org/10.1016/j.spinee.2011.03.001
http://www.ncbi.nlm.nih.gov/pubmed/21463970
http://doi.org/10.1007/s10926-005-9007-y
http://www.ncbi.nlm.nih.gov/pubmed/16688486
http://doi.org/10.1016/j.math.2008.09.001
http://www.ncbi.nlm.nih.gov/pubmed/19027342
http://doi.org/10.1016/j.jmpt.2004.04.005
http://www.ncbi.nlm.nih.gov/pubmed/15195039
http://doi.org/10.1016/S0304-3959(03)00320-8
http://doi.org/10.1002/jmri.10339
http://doi.org/10.1016/j.jmpt.2014.09.001
http://doi.org/10.1016/S0304-3959(96)03221-6
http://doi.org/10.1054/math.2000.0378
http://doi.org/10.1016/j.math.2009.09.004
http://www.ncbi.nlm.nih.gov/pubmed/19884037
http://doi.org/10.1097/AJP.0b013e318250f3cd
http://www.ncbi.nlm.nih.gov/pubmed/22874091
http://doi.org/10.1016/S1443-8461(04)80003-0
http://doi.org/10.1016/j.math.2009.05.013
http://www.ncbi.nlm.nih.gov/pubmed/19643656
http://doi.org/10.1016/j.math.2009.10.005
http://doi.org/10.1016/j.math.2012.05.009


Diagnostics 2023, 13, 544 13 of 13

31. Araujo, F.X.; Schell, M.S.; Ferreira, G.; Pessoa, M.D.; Pinho, A.S.; Plentz, R.; Silva, M.F. Short-Term Effects of Different Rates of
Thoracic Mobilization on Pressure Pain Thresholds in Asymptomatic Individuals: A Randomized Crossover Trial. J. Chiropr. Med.
2019, 18, 33–41. [CrossRef]

32. Vicenzino, B.G.T.; Naish, R. Preliminary evidence of a force threshold required to produce manipulation induced hypoal-gesia. In
Proceedings of the More than Skin Deep, Adelaide, Australia, 21–24 November 2001.

33. McLean, S.; Naish, R.; Reed, L.; Urry, S.; Vicenzino, B. A pilot study of the manual force levels required to produce manipulation
induced hypoalgesia. Clin. Biomech. 2002, 17, 304–308. [CrossRef]

34. Snodgrass, S.J.; Rivett, D.A.; Sterling, M.; Vicenzino, B. Dose Optimization for Spinal Treatment Effectiveness: A Randomized
Controlled Trial Investigating the Effects of High and Low Mobilization Forces in Patients With Neck Pain. J. Orthop. Sports Phys.
Ther. 2014, 44, 141–152. [CrossRef]

35. Hebron, C. The Biomechanical and Analgesic Effects of Lumbar Mobilizations. Ph.D. Thesis, University of Brighton, Brighton,
UK, 2014.

36. Faul, F.; Erdfelder, E.; Buchner, A.; Lang, A.-G. Statistical power analyses using G*Power 3.1: Tests for correlation and regression
analyses. Behav. Res. Methods 2009, 41, 1149–1160. [CrossRef]

37. Grieve, G.P. Mobilization of the Spine: A Primary Handbook of Clinical Method, 5th ed.; Churchill Livingstone Inc.: New York, NY,
USA, 1991.

38. Fabio Antonaci, M.D. Pressure Algometry in Healthy Subjects: Inter-Examiner Variability. Scand. J. Rehab. Med. 1998, 30, 8.
39. Nussbaum, E.L.; Downes, L. Reliability of Clinical Pressure-Pain Algometric Measurements Obtained on Consecutive Days. Phys.

Ther. 1998, 78, 160–169. [CrossRef] [PubMed]
40. Chesterton, L.S.; Sim, J.; Wright, C.C.; Foster, N.E. Interrater Reliability of Algometry in Measuring Pressure Pain Thresholds in

Healthy Humans, Using Multiple Raters. Clin. J. Pain 2007, 23, 760–766. [CrossRef] [PubMed]
41. Lee, M.; Moseley, A.; Refshauge, K. Effect of Feedback on Learning a Vertebral Joint Mobilization Skill. Phys. Ther. 1990, 70,

97–102. [CrossRef] [PubMed]
42. Agresti, A.; Finlay, B. Statistical Methods for the Social Sciences: With SPSS from A to Z: A Brief Step-by-Step Manual, 4th ed.; Allyn &

Bacon Publishers: Boston, MA, USA, 2009.
43. Farrar, J.T.; Dworkin, R.H.; Max, M.B. Use of the Cumulative Proportion of Responders Analysis Graph to Present Pain Data

Over a Range of Cut-Off Points: Making Clinical Trial Data More Understandable. J. Pain Symptom Manag. 2006, 31, 369–377.
[CrossRef]

44. Lee, D.K. Alternatives to P value: Confidence interval and effect size. Korean J. Anesthesiol. 2016, 69, 555–562. [CrossRef]
45. Moss, P.; Sluka, K.; Wright, A. The initial effects of knee joint mobilization on osteoarthritic hyperalgesia. Man. Ther. 2007, 12,

109–118. [CrossRef]
46. Millan, M.; Leboeuf-Yde, C.; Budgell, B.; Amorim, M.-A. The effect of spinal manipulative therapy on experimentally induced

pain: A systematic literature review. Chiropr. Man. Ther. 2012, 20, 1–22. [CrossRef]
47. Wright, A.; Vicenzino, B. Cervical mobilisation techniques, sympathetic nervous system effects and their relationship to analgesia.

In Proceedings of the Moving in on Pain Conference, Adelaide, Australia, 18–21 April 1995.
48. Wager, T.D.; Rilling, J.K.; Smith, E.E.; Sokolik, A.; Casey, K.L.; Davidson, R.J.; Kosslyn, S.M.; Rose, R.M.; Cohen, J.D. Placebo-

Induced Changes in fMRI in the Anticipation and Experience of Pain. Science 2004, 303, 1162–1167. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1016/j.jcm.2018.10.002
http://doi.org/10.1016/S0268-0033(02)00017-7
http://doi.org/10.2519/jospt.2014.4778
http://doi.org/10.3758/BRM.41.4.1149
http://doi.org/10.1093/ptj/78.2.160
http://www.ncbi.nlm.nih.gov/pubmed/9474108
http://doi.org/10.1097/AJP.0b013e318154b6ae
http://www.ncbi.nlm.nih.gov/pubmed/18075402
http://doi.org/10.1093/ptj/70.2.97
http://www.ncbi.nlm.nih.gov/pubmed/2296617
http://doi.org/10.1016/j.jpainsymman.2005.08.018
http://doi.org/10.4097/kjae.2016.69.6.555
http://doi.org/10.1016/j.math.2006.02.009
http://doi.org/10.1186/2045-709X-20-26
http://doi.org/10.1126/science.1093065

	Introduction 
	Materials and Methods 
	Participants 
	Research Design and Experimental Procedure 
	Data Analysis 

	Results 
	Reliability of Baseline Data 
	Cumulative Responders Analysis 
	Main Analysis 

	Discussion 
	Conclusions 
	References

