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ABSTRACT
Objective: The purpose of this study was to compare the immediate effect of spinal manipulation (SMa) and spinal
mobilization (SMo) on muscular responses, spinal stiffness, and segmental spinal pressure evoked pain in a population
of participants with chronic middle back pain (MBP).
Methods: In a crossover randomized trial, 2 experienced chiropractors assessed whether volunteers were eligible for
the protocol according to a list of specific inclusion and exclusion criteria. Individuals with MBP participated in 2
experimental sessions within 72 hours. During the first session, participants randomly received a SMa or SMo
delivered by an apparatus using a servolinear motor. During the second session, the other modality was delivered.
Spinal stiffness and pressure-provoked pain intensity outcomes were assessed before and after each therapy, and
muscular responses were recorded during the treatment using surface electromyographic sensors. Signed-rank
Wilcoxon tests for muscular responses and generalized model for repeated measure for spinal stiffness and pressure-
provoked pain were used for statistical analyses.
Results: Among the 32 potential participants, 26 (mean age 29.9 [§9.14], 15 women) completed both sessions.
Between-group differences were observed for the muscular response amplitude (P < .001), and indeed the normalized
RMS muscular response was found to be higher during SMa than SMo. Similar results were observed for pressure-
provoked pain intensity at the level of therapeutic modality application (P = .002) as a higher decrease in pain was
found after SMa (47.9 [§22.8] to 36.6 [§23.7]) compared with SMo (47.2 [§23.2] to 45.5 [§24.3]). No between-
group differences were found for spinal stiffness change, nor for terminal (P = .08) and global spinal stiffness (P = .06).
Conclusion: In a controlled environment, spinal manipulation and mobilization generated different muscle responses
and had different immediate effects on pressure-provoked pain intensity for subjects with MBP. (J Manipulative
Physiol Ther 2022;00;1-8)

Key Indexing Terms: Chiropractic; Electromyography; Musculoskeletal Manipulations; Pain; Manipulation, Spinal
instance, a cross-sectional population-based study of 34
TAGGEDH1INTRODUCTION TAGGEDEND

Although spinal research focuses on low back pain and
neck pain, nonspecific middle back pain (MBP) represents
a common problem in the general population, with a 1-
year prevalence estimated at 13%.1 MBP also leads to
important individual and economic consequences. For
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902 individuals showed that 6% of the people with MBP
seek health care providers to manage their pain, 4% report
reduced daily activity, and 2% report sick leaves in the
past year.2 MBP occurs early, during childhood or adoles-
cence,3 and its persistence or recurrence (ie, development
of a new episode) is estimated to be between 13% and
45%.4 Furthermore, a recent systematic review investigat-
ing the effectiveness of noninvasive interventions for mus-
culoskeletal thoracic spine and chest wall pain critically
appraised only 2 studies.5 The authors concluded that
manual therapy compared with placebo and acupuncture
is associated with a small and clinically unimportant
reduction in pain intensity.

Manual therapy, which includes spinal manipulation
(SMa) and spinal mobilization (SMo), represents interest-
ing therapeutic tools in the management of spinal pain to
reduce pain intensity and disability related to back pain.5-7

However, pain relief outcomes of SMa and SMo are mainly
the same8 and are often reported in clinical research under
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the same broad category of spinal manipulative therapy.9,10

This lack of clear distinction may lead to misinterpretation
of the evidence concerning the different clinical responses
when these therapeutic modalities are used.11 Conse-
quently, manual therapists currently have insufficient data
to support their choice of therapeutic modality between
SMa and SMo for patients with spine-related pain.

From a biomechanical standpoint, differences exist
between SMa and SMo.12 SMa is defined as a high-veloc-
ity, low-amplitude force technique including a thrust,
whereas SMo is defined as a nonthrust technique with a
low-velocity passive oscillatory force repeated 3 to 4 times
to a vertebral level.8,10,12,13 Besides these differences in
force, the rate of force applied by the therapist also differs
for these 2 procedures. The range of force applied on the
vertebral level during a SMa can vary across the spinal
localization between 200 and 1600 N,13 whereas the range
of force for SMo is notably lower, ranging from 10 to
240 N.10

It was previously shown that differences in peak force,
thrust duration, and rate of force affect spinal neurome-
chanical responses.14-16 Indeed, increases in force are asso-
ciated with increased segmental displacements, whereas
decreases in thrust duration led to increases in muscular
responses. It is therefore plausible that neuromuscular
response differences exist when these therapeutic modali-
ties are being used in clinical practices by health practi-
tioners. However, previous literature comparing SMa and
SMo involved clinicians who delivered the therapies and
did not record the biomechanical parameters of the deliv-
ered therapy. Consequently, it is not known to which extent
the compared therapies differed from each other in terms of
their biomechanical characteristics, as well as the variabil-
ity in therapy execution. Considering that these parameters
modify spinal neuromechanical responses, it seems useful
to explore whether each modality, when performed using a
standardized and controlled protocol, can reveal physiolog-
ical and clinical differences that were not previously
described.

Therefore, the objective of the present study was to
compare the immediate neuromechanical and clinical
effects between SMa and SMo in patients with chronic
nonspecific MBP. We hypothesized that clinical and
mechanical responses to SMa and SMo would differ in
patients with chronic nonspecific MBP.
TAGGEDH1METHODSTAGGEDEND

Design
This crossover randomized clinical trial was part of a

broader research program that aimed to investigate the
effects of chronic MBP on spinal stiffness value and its reli-
ability, as well as to explore the association between spinal
stiffness pain and muscle activity during assessment.17
Participants
Volunteers with chronic, nonspecific MBP were

recruited within the local community. Two experienced
chiropractors assessed whether volunteers were eligible for
the protocol according to a list of specific inclusion and
exclusion criteria. Inclusion criteria included chronic, non-
specific MBP for at least 3 months (constant or recurrent)
and an age of 18 to 60 years. Participants were excluded if
they presented at least 1 of the following criteria: contrain-
dications for SMa/SMo, spinal surgery history, thoracic
scoliosis, thoracic herniated disk, radiculopathy, myelopa-
thy neurologic disease, osteoporosis, uncontrolled hyper-
tension, aortic aneurysm, inflammatory or infectious
disease, and pregnancy.

Ethics. The study protocol was registered in Clinical-
Trials.gov (NCT02660801) and approved by the University
of Qu�ebec at Trois-Rivi�eres research ethics committee
(CER-16-220-07.04). All participants provided their writ-
ten informed consent to participate in this study.
Experimental Protocol
Baseline Information. The protocol consisted of 2 experi-

mental sessions within 72 hours. Before the experimenta-
tion, participants completed various questionnaires to
document demographic data (age, sex, weight, and height),
baseline MBP (0 to 100 on visual analog scale for pain)
and to assess disability (Quebec Back Pain Disability ques-
tionnaire),18 kinesiophobia (Tampa Scale for Kinesiopho-
bia, TSK),19 and risk of poor prognosis (STarT Back
Screening Tool).20

Outcome Variables. Spinal Stiffness Assessment. Spi-
nal stiffness is the relationship between spinal displacement
and the resistive force to that movement.21 All participants
received information about the basic functioning and main
security features of the experimental apparatus. Once base-
line information was collected, spinal stiffness was
assessed at T5, T6, T7, and T8 using a custom-made appa-
ratus that uses a servocontrolled linear actuator motor (Lin-
ear Motor Series P01-48 £ 360; LinMot, Inc, Zurich,
Switzerland). It was initially developed to simulate SMa22

and allow the simulation of manual therapy procedures.
During the spinal stiffness assessment, the apparatus, using
a single-tip padded rod, vertically displaces a slider directly
applied over the targeted spinous process (ie, T5, T6, T7,
or T8). Two trained chiropractors, with respectively 5 and
9 years of practice, identified T5, T6, T7, and T8 spinous
and transverse process using a standardized procedure.23-25

At the end of the first session, small pieces of adhesive tape
were affixed over the transverse processes targeted by the
apparatus and over marked spinous processes. This
approach ensured that each participant received the modal-
ity of the second session at the same spinal level than the
modality of the first session. During this procedure, a force
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is progressively applied to reach a peak force of 45 N (rate
of force application: 18 N/s) that is held for 1 second before
being released. Instructions were given to the participants
to hold their breath at the end of exhalation before the appa-
ratus contacted the spinous process for the time of the
assessment. This procedure was repeated 4 times for each
spinous process before and after the therapeutic modality
application. The order at which the 4 spinal levels were
assessed was randomly generated by an online scheme
generator.26

Pressure-Provoked Pain Intensity. Pressure-provoked pain
intensity was assessed immediately after each spinal stiff-
ness assessment using a 0 to 100 visual analog scale.27 Spi-
nal stiffness assessment and pressure-provoked pain
intensity levels were assessed before and after the interven-
tions at T5, T6, T7, and T8 levels.

Muscular Responses. Muscular activity was recorded
using surface electromyography (sEMG) electrodes during
the modalities (Trigno EMG systems, Delsys Inc, Natick,
Massachusetts). This activity was recorded at 2K Hz using 4
Trigno Wireless electromyographic sensors, which were
applied bilaterally, just above and below the area contacted
by the apparatus (�2 cm from midline), where the therapeu-
tic modality was executed. Skin impedance was reduced by
shaving body hair, abrading the skin with sandpaper, and
cleaning it with alcohol. To reduce electromyographic signal
variability, a normalization trial was performed at the begin-
ning of the protocol. Participants were asked to perform an
active extension of thoracic spine from a prone position and
to hold this position for 4 seconds.

Therapeutic Modalities. The therapeutic modality was
applied on transverse processes of the most painful vertebral
level reported by the participants during the spinal stiffness
assessment during the pressure-provoked pain intensity
assessment. SMa and SMo were applied to the spine by the
apparatus through a twin-tip padded rod. The modality (SMa
or SMo) applied at the first session was randomly deter-
mined and generated by a computer.26 Participants were not
aware if SMa or SMo would be applied by the device at the
first session. If SMa was delivered at the first session, SMo
was applied at the second one and vice versa. The apparatus
was programmed to execute a SMa characterized by a pre-
load force of 70 N for 500 ms leading to a peak force of
260 N in 125 ms (rate of force application: 1520 N/s). For
SMo, 3 oscillatory cycles of 85 N in 800 ms were applied
after a 5 N preload force (rate of force application: 106 N/s).
Data Analysis
Spinal Stiffness Calculation. Global and terminal stiff-

ness coefficients were calculated from the force-dis-
placement data of each spinal stiffness assessment using
the same methods presented in a previous study.17 Since
the first trial of spinal stiffness assessment has been
reported to differ from the subsequent ones, only the
second, third, and fourth assessments were included in
the analyses. Global stiffness was defined as the slope
of the straight line best fitting the force-displacement
data between 10 and 45 N, and terminal stiffness was
defined as the ratio of the variation of force and dis-
placement between 10 and 45 N. The average value of
the second to fourth assessments of each spinal level
was used in further analyses. Only data for spinal stiff-
ness at the level of the therapeutic modalities’ applica-
tion were used in statistical analysis.

Pressure-Provoked Pain Intensity. As explained previously,
pressure-provoked pain intensity was recorded immediately
after each spinal stiffness measurement. The mean of the 4
trials was calculated. Only data for pressure-provoked pain
intensity at the level of the therapeutic modalities’ applica-
tion were used in statistical analysis.

Muscular Response. To assess the muscular response
during therapeutic modalities, the resulting bipolar
sEMG signals were first digitally band-pass filtered
using a frequency bandwidth of 20 to 450 Hz (second-
order Butterworth filter). For SMa, the peak root mean
square (RMS) value was computed for each electrode
using a 250-ms window (125 ms before and 125 ms
after the peak force). The RMS values obtained for
each electrode were then normalized (nRMS) to the
respective RMS value calculated during the sEMG nor-
malization trial. Because no differences were found
between the left and right electrodes’ nRMS at both lev-
els (superior and inferior) using the Wilcoxon rank-sum
test (P > .05), the mean between the 2 electrodes (left
and right) at the upper and at lower levels was calcu-
lated to obtain 2 different outcome variables (superior
and inferior level muscular response). For SMo, 3 peak
forces were identified and a 250-ms window was also
used to obtain a mean RMS value for each peak.
Because no difference was found between the 3 peak
forces RMS using the Friedman analysis of variance
(ANOVA) test (P > .05), the mean between these 3
peaks was calculated. Once these results were obtained,
the Wilcoxon rank-sum test was used to determine if
any difference existed between the left and right electro-
des for both the upper and lower levels. Because no dif-
ference (P >.05) was found between left and right
electrodes’ nRMS at both levels (superior and inferior),
the mean between the 2 electrodes (left and right),
respectively at the upper and at lower levels, was calcu-
lated to obtain 2 different outcome variables (superior
and inferior level muscular response).
Statistical Analysis
Descriptive statistics were used for baseline characteris-

tics (sex, age, height, weight, baseline MBP, Quebec Back
Pain Disability questionnaire, STarT Back Screening Tool,
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and TSK) and clinical characteristics of participants (spinal
stiffness, pressure-provoked pain, and muscular response).

Normality was assessed using the Shapiro-Wilk. The
Wilcoxon signed-rank test was used to compare muscu-
lar responses during SMa and SMo. A mixed-model 2-
way repeated measures ANOVA was performed to
assess treatment (SMa vs. SMo) and time (pretreatment
vs. post-treatment) main effects, as well as the interac-
tion effect (treatment £ time) for spinal stiffness and
pressure-provoked pain. If a variable was not normally
distributed, a mathematical transformation was per-
formed to comply with ANOVA assumptions. When-
ever ANOVA yielded a significant effect, a Tukey post-
hoc test was computed. The level of statistical signifi-
cance (2-tailed hypothesis) was set at P < .05 for all
analyses, and the STATISTICA statistical package ver-
sion 7.1 (Statsoft) was used to conduct analyses.
TAGGEDH1RESULTS TAGGEDEND

Baseline Description
Thirty-two participants initially volunteered for the

study. However, 2 participants presented a thoracic sco-
liosis, 1 presented contraindications for SMa during the
initial examination, and 1 decided to stop his participa-
tion before the first therapeutic modality application.
Twenty-eight participants were therefore assessed for
spinal stiffness, but 2 participants reported no pain dur-
ing the spinal stiffness assessment and were excluded.
Overall, 26 participants completed both experimental
sessions (Fig 1). Characteristics of these participants are
presented in Table 1. No between-group difference in
baseline characteristic (ie, age, height, weight, baseline
MBP, Quebec Back Disability Scale, STarT Back
Screening Tool, Tampa scale for kinesiophobia, baseline
pressure-provoked pain intensity, terminal and global
spinal stiffness) were identified (P > .05).
Spinal Stiffness
As this outcome variable was not normally distributed, a

square root transformation was performed in order to con-
duct generalized linear models for repeated-measure
ANOVA. The statistical analysis yielded no main effect of
treatment or time for the terminal (F[1,25] = 0.022;
P = .88, hp2 = 0.0002 m and F[1,25] = 0.05; P =.82,
hp2 = 0.002) and global (F[1,25] = 0.004; P = .95,
hp2 = 0.0002 and F[1,25] = 0.001; P = .99, hp2 < 0.001)
spinal stiffness. Moreover, no interaction effect
(treatment £ time) was observed for the terminal (F
[1,25] = 3.2; P = .08, hp2 = 0.11) and global (F
[1,25] = 3.7; P = .06, hp2 = 0.13) spinal stiffness. The
results indicate that there was no difference in spinal
stiffness after application of both the SMa and SMo.
Table 2 reports these results.
Pressure-Provoked Pain Intensity
As this outcome variable was not normally distributed,

transformation in square root was performed to use general-
ized linear models for repeated-measure ANOVA. The sta-
tistical analysis yielded a significant main effect of time (F
[1,25] = 12.42; P = .002, hp2 = 0.33) but a nonsignificant
main effect of treatment (F[1,25] = 2.5; P = .127,
hp2 = 0.09). This test also highlighted a statistically signifi-
cant treatment £ time interaction effect for pressure-
provoked pain intensity (F[1,25] = 11.34; P = .002,
hp2 = 0.31). Tukey post-hoc analyses showed no difference
in pressure-provoked pain intensity before the application
of both therapeutic modalities (P = .99). It also revealed
that a statistically significant decrease of pressure-provoked
pain was present after the SMa application (from 47.9/100
[§22.8] to 36.6/100 [§23.7]) (P < .001) and not after SMo
application (from 47.2/100 [§23.2] to 45.5/100 [§24.3])
(P = .79) (Table 2).
Muscular Response
Owing to technical difficulties, sEMG data from 2 par-

ticipants had to be excluded from the analysis. The Wil-
coxon signed-rank test showed a statistically significant
difference in paraspinal muscular responses (P < .001).
Indeed, the muscular activity (normalized RMS value)
recorded during SMa was higher than the muscular activity
recorded during SMo. This difference was significant for
both above (0.78 [.56] vs. 0.16 [.09]) and below (0.79 [.60]
vs. 0.16 [.10]) the contact level. Table 2 reports these
results.
TAGGEDH1DISCUSSION TAGGEDEND

Main Results
To our knowledge, this study is the first to compare the

immediate effect of SMa and SMo on thoracic spinal stiff-
ness and pressure-provoked pain intensity and muscle
responses. The results of this study showed that a SMa of
260 N (1520 N/s) yields an immediate decrease in pres-
sure-provoked pain but has no effect on spinal stiffness,
whereas SMo of 3 oscillatory cycles of 85 N (106 N/s) has
no immediate effect on these 2 outcomes. Moreover, higher
muscular responses were recorded during the SMa com-
pared with muscular responses recorded during SMo.

Current evidence suggests that a decrease in lumbar spi-
nal stiffness after a lumbopelvic spinal manipulation may
help to identify patients with low back pain more likely to
rapidly respond to this therapeutic modality.28,29 The cur-
rent study results failed to show a significant change in



Figure 1. Participant flowchart.
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spinal stiffness after both SMa and SMo. Previous studies
conducted in the thoracic spine also did not reveal a signifi-
cant change in spinal stiffness after manually delivered tho-
racic SMa in participants without MTP.30,31 In addition to
the possibility that thoracic SMa/SMo do not result in a
change in spinal stiffness, these results also raised the pos-
sibility that the lack of significant effect is due to the aver-
age mild clinical status of the participants. Future studies
should target participants with MDP who present a moder-
ate to severe clinical status.

In the present study, both SMa and SMo triggered a
muscular response. However, the responses triggered dur-
ing SMa were higher, which could be explained by the fact
that the rate of force application (1520 N/s) and peak force
(260 N) were higher during this therapeutic modality than
SMo (106 N/s; 85 N). It was previously shown that the
increase in the muscle response amplitude to SMa is
closely related to the increase in the peak force and thus to
the rate of force application.15 Although the SMa and the
SMo used in the current study yielded different magnitudes
of muscular responses, it is not possible to determine if
these responses are linked to the different effect of these
modalities on the pressure-provoked pain intensity.

Current evidence suggests that both SMa and SMo can
have an analgesic effect. A recent systematic review
reported that 5 of the 7 appraised studies showed that SMo
results in an immediate increase in local pressure pain
thresholds.32 A similar analgesic effect on experimental
pressure pain was described in another systematic review
(19 of 27 articles) in which the effect of SMa on experimen-
tal induced pain was assessed.33 However, no studies com-
paring the 2 approaches were identified in the literature on



Table 1. Baseline Characteristics

Characteristics Sample

Women-to-Men (number) 15:11

Age (years), mean (SD) 29.9 (9.14)

Height (m), mean (SD) 1.69 (.08)

Weight (kg), mean (SD) 70.3 (15.0)

Baseline middle back pain (/100), mean (SD) 17.9 (15.6)

Quebec Back Pain Disability Scale (/100), mean (SD) 9.8 (11.0)

STarT Back Screening Tool (/9, median, range), median
(range)

2.1 (2.0)

Tampa Scale for Kinesiophobia (/68), mean (SD) 27.3 (6.6)
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this topic. The present study assesses the spinal pressure-
provoked pain induced during stiffness evaluation. This
procedure is commonly used by clinicians during spinal
manual evaluation of patients in order to identify painful
vertebral level and after the intervention to analyze the
patient’s progress.34 As explained by Wong and Kaw-
chuk,35 manual therapists apply manual posteroanterior
forces along the spine of their patient in a prone position
to assess segmental spinal stiffness and reproduce the
patient’s pain. In the present study, a short-term decrease in
pain was observed only for the SMa intervention, but the
underlying mechanisms are not yet established. Bialosky
et al36 suggested that SMa efficacy could be explained by a
mechanical effect on spinal stiffness associated with neuro-
physiological effects such as hypoalgesia and muscular
activity facilitation. Other authors suggested that immediate
spinal stiffness decreases and muscular recruitment changes
may play a role in the clinical benefits of SMa.28,29,37
Limitations and Future Research
A few limitations must be considered when interpreting

the results of this study. First, although pressure-provoked
Table 2. Spinal Stiffness and Clinical Outcomes

Pre

Global spinal stiffness (N/mm), mean (SD) 7.7 (

Terminal spinal stiffness (N/mm), mean (SD) 7.9 (

Pressure-provoked pain intensity (/100), mean (SD) 47.9 (

Muscular response superior level ratio (nRMS), mean (SD) 0.78 (

Muscular response inferior level ratio (nRMS), mean (SD) 0.79 (

nRMS, normalized root mean square; SD, standard deviation.
pain intensity reduction after SMa has both statistical and
clinical significance, only short-term effects were assessed
and the duration of the effect cannot be established. More-
over, the statistical analyses were not conducted on clinical
pain (ie, midthoracic pain intensity just before the begin-
ning of each experimental session) but only on the pres-
sure-provoked pain intensity because no follow-up
occurred after the second experimental session. Another
limitation concerns spinal stiffness assessments, as the
combined physiological effects of SMa and SMo are
unknown. The goal of this study was to identify differences
in physiological responses between SMa and SMo. It was
therefore not designed as a randomized clinical trial to
identify the best therapeutic modality for patients with
MBP. Secondly, other physiological variables such as ver-
tebral displacement and acceleration were not considered.

Third, the same forces were applied, without consider-
ation to the patient’s anthropometric or preferences, and
such standardization may not reflect current practice, limit-
ing the overall generalizability of results.

Finally, even if the participants were not aware of the
first modality applied during the first session, the non-naïve
participants could deduct the modality for the second time.
However, 2 of our outcome variables are “nonsubjective”
(stiffness and muscular response). Although the evaluation
of pressure-provoked pain can be considered subjective,
participants were not aware when the spinal level at which
the therapeutic modality was delivered was assessed.

Future research should investigate these 2 therapeutic
tools separately and clearly distinguish these terms. It
would also be useful to determine which parameters repre-
sent good predictors of chronic MBP clinical improvement
after a few treatments of spinal manipulative therapy.
TAGGEDH1CONCLUSION TAGGEDEND

In a controlled environment, the delivery of a thoracic
spinal manipulation in participants with chronic midback
pain resulted in an immediate decrease in thoracic
Spinal Manipulation Spinal Mobilization

Post Pre Post

1.4) 7.6 (1.6) 7.6 (1.8) 7.8 (1.7)

1.5) 7.7 (1.6) 7.8 (1.9) 8.0 (1.8)

22.8) 36.6 (23.7) 47.2 (23.2) 45.5 (24.3)

.56) 0.16. (.09)

.60) 0.16 (.10)
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pressure-provoked pain intensity but not spinal stiffness.
Spinal mobilization has no effect on these 2 outcomes and
generates lower thoracic muscle response than a spinal
manipulation.
TAGGEDH1FUNDING SOURCES AND CONFLICTS OF INTEREST TAGGEDEND

No funding sources or conflicts of interest were reported
for this study.
TAGGEDH1CONTRIBUTORSHIP INFORMATION TAGGEDEND
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Practical Applications
� Thoracic spinal manipulation in participants
with chronic midback pain resulted in an
immediate decrease in thoracic pressure-pro-
voked pain intensity.

� Thoracic spinal mobilization generated lower
thoracic muscle response than a spinal manip-
ulation.

� Future research should investigate these thera-
peutic tools separately to clearly distinguish
these terms.
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