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The effect of a single spinal manipulation
on cardiovascular autonomic activity and
the relationship to pressure pain threshold:
a randomized, cross-over, sham-controlled
trial
Mathieu Picchiottino1,2,3* , Margaux Honoré1,2,3, Charlotte Leboeuf-Yde1,2,3,4, Olivier Gagey1,2,
François Cottin1,2 and David M. Hallman5

Abstract
Background: The autonomic nervous system interacts with the pain system. Knowledge on the effects of high
velocity low amplitude spinal manipulations (SM) on autonomic activity and experimentally induced pain is limited.
In particular, the effects of SM on autonomic activity and pain beyond the immediate post intervention period as
well as the relationship between these two outcomes are understudied. Thus, new research is needed to provide
further insight on this issue.
Objectives: The aim was to assess the effect of a single SM (i.e. SM vs. sham) on cardiovascular autonomic activity.
Also, we assessed the relationship between cardiovascular autonomic activity and level of pain threshold after the
interventions.
Method: We conducted a randomized, cross-over, sham-controlled trial on healthy first-year chiropractic students
comprising two experimental sessions separated by 48 h. During each session, subjects received, in a random order,
either a thoracic SM or a sham manipulation. Cardiovascular autonomic activity was assessed using heart rate and
systolic blood pressure variabilities. Pain sensitivity was assessed using pressure pain threshold. Measurements were
performed at baseline and repeated three times (every 12 min) during the post intervention period. Participants and
outcome assessors were blinded. The effect of the SM was tested with linear mixed models. The relationship
between autonomic outcomes and pressure pain threshold was tested with bivariate correlations.
Results: Fifty-one participants were included, forty-one were finally analyzed. We found no statistically significant
difference between SM and sham in cardiovascular autonomic activity post intervention. Similarly, we found no
post-intervention relationship between cardiovascular autonomic activity and pressure pain threshold.
Conclusion: Our results suggest that a single SM of the thoracic spine has no specific effect on cardiovascular
autonomic activity. Also, we found no relationship between cardiovascular autonomic activity and pressure pain
threshold after the SM. Further experimental research should consider the use of several markers of autonomic
activity and a more comprehensive pain assessment.
(Continued on next page)
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Résumé
Contexte: Le système nerveux autonome interagit avec le système de la douleur. Les connaissances concernant les
effets des manipulations vertébrales (MV) de haute vélocité et de faible amplitude sur l’activité autonome et la
douleur induite expérimentalement sont limitées. En particulier, les effets des MV sur l’activité autonome et la
douleur au-delà de la période située immédiatement après l’intervention sont sous-étudiés, tout comme la relation
entre ces deux variables. De nouvelles études sont nécessaires pour mieux comprendre cette problématique.
Objectifs: Le premier objectif était d’évaluer l’effet d’une MV (i.e. MV vs placébo) sur l’activité autonome
cardiovasculaire. Le second objectif était d’évaluer la relation entre l’activité autonome cardiovasculaire et le seuil de
douleur après les interventions.
Méthode: Nous avons réalisé un essai randomisé, croisé, contrôlé par un placébo sur des sujets jeunes et en bonne
santé (étudiants en première année de chiropraxie). L’étude comprenait deux sessions expérimentales séparées par
48 h. Les sujets recevaient durant chaque session, soit une MV thoracique, soit une manipulation placébo. L’activité
autonome cardiovasculaire était évaluée en utilisant la variabilité de la fréquence cardiaque et la variabilité de la
pression artérielle systolique. La sensibilité à la douleur était évaluée en utilisant le seuil de douleur à la pression.
Les mesures étaient réalisées avant l’intervention et répétées trois fois après celle-ci (toutes les 12 min). Les
participants et les collecteurs de données étaient en aveugle. L’effet de la MV était testé en utilisant des modèles
linéaires mixtes. Nous avons testé la relation entre les variables autonomes et le seuil de douleur à la pression en
utilisant des corrélations bivariées.
Résultats: Cinquante-et-un sujets ont été inclus et quarante-et-un ont finalement été analysés. Nous n’avons pas
trouvé de différence statistiquement significative entre la MV et le placébo en ce qui concerne l’activité autonome
cardiovasculaire après l’intervention. Nous n’avons pas trouvé de relation post-intervention entre l’activité autonome
cardiovasculaire et le seuil de douleur à la pression.
Conclusion: Nos résultats suggèrent qu’une MV thoracique n’a pas d’effet spécifique sur l’activité autonome
cardiovasculaire et qu’il n’y a pas de relation entre l’activité autonome et le seuil de douleur à la pression après la
MV. On devrait considérer l’utilisation de plusieurs marqueurs de l’activité autonome ainsi qu’une évaluation plus
complète de la douleur dans les recherches expérimentales futures.
Mots clés: Manipulation vertébrale, high velocity low amplitude manipulation, HVLA, manipulation, système
nerveux autonome, variabilité de la fréquence cardiaque, seuil de douleur à la pression

Background
Spinal manipulative techniques, i.e. mobilizations or high
velocity low amplitude (HVLA) manipulations, are commonly used to treat musculoskeletal pain by chiropractors,
osteopaths, and physical therapists [1]. Despite their common use and some clinical evidence supporting their efficacy [2–4], the mechanisms underlying these clinical
effects are not really understood. The study of these potential mechanisms requires experimental research assessing body responses following the intervention. For
instance, the effects of spinal manipulative techniques
have been explored using biomechanical [5, 6] and neurophysiological outcomes, in the latter case studying e.g.
neuromuscular response [7–9], pain sensitivity [10, 11], or
autonomic mediated physiology [12–14].

The autonomic nervous system is a major part of
the nervous system. It is divided into three parts: the
parasympathetic nervous system, the sympathetic nervous system, and the enteric nervous system. Its ultimate responsibility is to ensure the maintenance of
homeostasis by regulating cells, tissues, and function
of organs [15]. The autonomic nervous system is controlled by supraspinal centers, such as the limbic system, hypothalamus, and some brainstem nuclei [15].
In general, autonomic activation can be assessed indirectly via some non-invasive markers of autonomic
mediated physiology, such as heart rate variability
(HRV) (i.e. the fluctuation in the time interval between adjacent heartbeats) [16], blood pressure variability [17], and skin conductance [18].
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Evidence from experimental research suggests that
mobilizations and HVLA manipulations may produce
acute changes in autonomic activity. Indeed, three reviews of the literature reported that spinal mobilization
may have a sympato-excitatory effect reflected by an immediate, statistically significant, increase in skin conductance compared to a sham procedure [12–14].
Evidence suggests also that spinal HVLA techniques
may produce acute changes in skin sympathetic nerve
activity [19, 20]. However, in a recent review, the assessment of the evidence suggested that spinal HVLA techniques, as compared to a sham, may have no acute effect
on various markers of autonomic activity (e.g. cardiovascular autonomic activity) [14]. Nevertheless, in that review [14], the certainty of the evidence was considered
to be very low to low. It is worth noting that a recent
study [21], not included in the previous review [14], reported that a thoracic HVLA manipulation, compared to
a sham, produced a statistically significant increase of
the cardiac vagal activity during the immediate post
intervention period. Thus, further high-quality research
is needed and likely to change the conclusions of the
previous review [14], at least in relation to the certainty
of evidence. Also, most of the studies in this field of research reported only on short-term effects limited to the
time of intervention or the immediate post intervention
period [14]. Therefore, it is unknown whether changes
in autonomic activation may occur after this period, and
if so, the direction of these changes.
In addition to this possible autonomic effect, mobilizations and HVLA manipulations seem to have at least a
short-term hypoalgesic effect, as shown by a decrease in
sensitivity to experimentally induced pain (e.g. an increased pain threshold) [10, 11]. Pain and autonomic
networks are closely connected and interact at the peripheral, spinal, midbrain, and cortical levels [22, 23]. For
example, at the midbrain level, a complex network integrates both visceral and nociceptive inputs and initiates
both autonomic and pain modulations [22, 23]. The
periaqueductal gray matter, a key structure of this network, can orchestrate both short-lasting hypoalgesia associated with sympato-excitation and long-lasting
hypoalgesia associated with vagal activation [24]. Therefore, based on the early studies showing hypoalgesic and
sympatho-excitatory effects of spinal manipulative techniques, it has been proposed that some of these techniques might activate, at least in part, the descending
pain inhibitory system projecting from the periaqueductal gray matter [25]. Although several randomized controlled trials have tested the effects of spinal
manipulative techniques on both pain sensitivity and
markers of autonomic activity [26–29], the relationship
between these two supposed effects after this type of
intervention is understudied. In fact, to our knowledge,
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the statistical relationship was tested only once in a
study dealing with spinal mobilization [26]. This study
reported a statistically significant positive correlation between manipulation-induced hypoalgesia and sympathetic excitation in a model including several pain and
autonomic markers.
To summarize, there are gaps in the current knowledge regarding the effects of spinal manipulative techniques on autonomic mediated physiology and
experimentally induced pain that make additional randomized controlled trials relevant. In particular, the effects beyond the immediate post intervention period as
well as the relationship between these two outcomes (i.e.
autonomic activity and experimentally induced pain) are
largely unknown. Additionally, the certainty of evidence
on the effects of HVLA spinal manipulation on autonomic activity is low [14]. Therefore, further studies on
this technique, in particular, are relevant.
Finally, to provide the best quality evidence on the
specific effect of the joint manipulative techniques using
randomized controlled trials, the untreated control
group should receive a sham intervention. This allows
differentiating responses caused by the specific action of
the supposed effective intervention to those attributable
to context information (e.g. placebo responses) [30].
The aim was to assess, in a randomized shamcontrolled trial on healthy young subjects, the specific
effect of a thoracic HVLA manipulation on cardiovascular autonomic activity (i.e. heart rate and systolic blood
pressure variabilities), measured repeatedly during the
post intervention period. An additional aim was to assess
the relationship between pressure pain threshold (PPT)
and cardiovascular autonomic activity after the
interventions.
Please note that another report deals with the assessment of the specific effect of the spinal manipulation on
pressure pain threshold [31].

Method
This report follows the CONSORT statement [32].
Design and study procedure

We conducted a randomized, cross-over, shamcontrolled trial comprising two experimental sessions
separated by 48 h and scheduled at the same hour both
days with each session lasting about one and a half hour.
During each session, the study subject received, in a random order, either a thoracic HVLA manipulation or a
sham manipulation. During each session we assessed
sensitivity to experimentally induced pain (i.e. pressure
pain threshold) and cardiovascular autonomic activity
(i.e. HRV and systolic blood pressure variability). Measurements were performed at baseline and repeated
three times (on average every 12 min) during the post
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intervention period. The study subjects rested for 10 min
lying on their back to stabilize the cardiovascular system
before baseline measurements. The experimental design
is shown in Fig. 1.
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(i.e. from the day before the first session to the second
session). After the screening process during the first session, to be included in the study, the subjects had to sign
an informed consent form.

Participants

Participants were recruited among the first-year chiropractic students at the Institut Franco-Europeen de
Chiropraxie, an independent chiropractic college situated in France. We chose first-year students, since they
are expected to be relatively naïve to spinal manipulation
and to the various types of studies dealing with this
issue. Each volunteer was screened by a licensed chiropractor for eligibility criteria at the beginning of the first
experimental session. Inclusion criteria were healthy volunteers, aged at least 18 years, without contra-indication
to manipulative therapies. Non-inclusion criteria were
pain at the time of the study, any contra-indications to
spinal manipulation [33], cardiovascular or pulmonary
diseases, current use of pain killers or drugs that affect
autonomic physiology (e.g. beta blockers), and treatment
by manipulative therapies during the previous 48 h.
Other non-inclusion criteria were intake of food, caffeine, or tobacco in the hour preceding the experimentation, as well as intake of alcohol and performance of
strenuous physical activity the day of the experimentation. Subjects were also asked to diminish at a maximum
their use of caffeine, alcohol, tobacco and the practice of
intensive physical activity during the whole trial period

Fig. 1 (a) Experimental design (b) Session design

Setting

The experiment was conducted in a laboratory room at
the college from September 2017 to February 2018 and
from September to October 2018. Environmental noise
was kept to a minimum and the temperature was maintained at about 21 °C. The study subjects were placed on
a treatment table (prone or supine position) throughout
the experimental session, i.e. from the rest period to the
last measurements.

Randomization and allocation concealment

We used a drawing lot method for randomizing the
order of the interventions, i.e. spinal manipulation-sham
sequence or sham-spinal manipulation sequence. Allocation concealment was ensured by sealed opaque envelopes. The study subjects drew a sealed envelope from
an opaque box. The sealed envelope was opened by the
treating chiropractor immediately before the intervention during the first session, to ensure that ‘blinding’ to
type of intervention remained unknown until this time.
The study subjects were not informed that one of the interventions consisted of a sham procedure.
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Spinal manipulation and sham

The HVLA technique and the sham procedure were performed by the same licensed chiropractor during the
whole trial. The study subject lay on a treatment table in
a prone position for both interventions. For the spinal
HVLA technique, the chiropractor first localized de C7
spinous process and then palpated the spinous processes
up to the T5 vertebra. Then he applied a preload force
with both hands placed over the transverse processes of
the targeted vertebra (T5), followed by a firm thrust directed postero-anteriorly. We mainly chose this level
(i.e. middle of the thoracic spine) because it is simple to
perform both manipulation and a sham in this region.
The sham procedure was applied with the subject in the
same position, but the chiropractor contacted the medial
border of the right scapula positioned in external rotation, applied a preload force that was followed by a
thrust in the plane of the scapula-thoracic interface. This
type of sham procedure has been previously used in an
experimental study [34] and reported to be effective for
blinding patients in a clinical trial [35]. This sham procedure did not induce spinal motion, i.e. it has a similar
mechanical profile to the spinal HVLA technique but
without involving spinal joints and their surrounding tissues. The chiropractor reported on a form whether audible sounds occurred or not with both the spinal HVLA
and the sham techniques.
Outcomes
Pressure pain threshold

To assess the effect of the thoracic HVLA technique on
pain sensitivity we measured the PPT. The PPT was defined as the pressure at which the subject first indicated
it became painful. This was measured in kilopascal using
an Algometer type 2 (SBMEDIC Electronics, Sweden)
with a 1 cm2 probe, with the study subject in the prone
position. PPT was measured at two different localizations, on the paravertebral tissues (i) just right of the
spinous process of the T5 vertebra, and (ii) just right to
the spinous process of the L4 vertebra. An assessor,
trained to assess PPT and blinded to the interventions,
performed all measurements. The assessor increased
pressure manually and perpendicularly to the skin with
an application rate set at 50 kilopascal/s. The subject
was instructed to press a button placed in his/her right
hand to indicate when the pressure became painful (i.e.
when the PPT was reached). The PPT was measured
three times at each localization and at each time point
(i.e. Baseline, Post 1, Post 2, Post 3). There was a 30 s
rest period between each measurement. The mean of
the three recordings for each time point was used in the
statistical analysis, as this has been shown to be reliable
in previous studies [36, 37]. Before the first session, a
PPT was measured on the subject to ensure that the
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procedure was understood and to avoid fear or anxiety
during the experimentation due to unfamiliarity with the
pain stimulus (see discussion of O’Neill et al. [38]). The
study subject could not read his/her performance level.
Autonomic outcome variables

Recording procedure Electrocardiogram (ECG) and
continuous finger blood pressure were recorded for 7
min immediately after the PPT assessment for each
period of measurements (i.e. Baseline, Post 1, Post 2,
Post 3). Subjects were placed in a supine position and
were instructed to breathe at a pace of 0.25 Hz during
the recordings, either with an auditory or visual guide,
with the help of a metronome application (Paced breathing, Trex LLC) on a smartphone. The ECG was recorded
using three electrodes connected to the PowerLab system (ADInstruments LTD., AUS). These three electrodes
were placed on the right clavicle (earth), on the sixth left
rib (positive), and on the left clavicle (negative) of each
study subject. The analogous signal of the ECG was
amplified with a Dual Bio Amp (ADInstruments LTD.,
AUS), connected to a PowerLab 16/35 (ADInstruments
LTD., AUS). Noninvasive beat-to-beat blood pressure
was recorded with a Finometer (Finapres Medical Systems B.V., Netherlands) using a finger cuff placed on the
right middle finger. The Finometer was also connected
to the PowerLab 16/35. The ECG and finger blood pressure signals were digitized at a sampling rate of 4000 Hz
with the PowerLab device. Signals were further analyzed
with LabChart on a personal computer. The assessor set
up the equipment and prepared the study subjects, e.g.
cleaning skin with alcohol, positioning the electrodes,
the finger cuff, calibrating the Finometer. Study subjects
were prevented from standing up, when they changed
from the prone position (PPT assessment) to the supine
position (autonomic assessment) to avoid orthostatic
autonomic reflexes.
Data processing A blinded assessor, who underwent a
training in autonomic measures and data management,
selected 5-min blocks from the 7-min recordings (i.e.
ECG and blood pressure signals) for each time point (i.e.
Baseline and Post 1, Post 2, Post 3) unaware of whether
data pertained to spinal HVLA technique or sham (see
also below). He performed (i) an automated and visual
inspection of the ECG signal and (ii) a visual inspection
of the blood pressure signal to detect abnormal beats,
and other measurement issues (e.g. artifacts). Finally, he
edited the recording using LabChart tools (e.g. HRV
module and its beat classifier tool).
Heart rate variability HRV (i.e. variability of the normal
R-R intervals) was further analyzed using the HRV
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module in LabChart. This was performed in both (i) the
time domain (i.e. the root mean square of the successive
differences between normal heartbeats (RMSSD), and
the standard deviation of the inter beat interval of normal sinus beats (SDNN)) and (ii) the low frequency (LF)
and high frequency (HF) domains (i.e. LF-HRV, 0.04–
0.15 Hz; HF-HRV, 0.15–0.40 Hz, LF/HF ratio) according
to Task Force of the European Society of Cardiology and
The American Society of Pacing and Electrophysiology
[16]. Please note that the frequency analysis in the LabChart’s HRV module is performed with a Lomb-Scargle
Periodogram, “… the Lomb method also allows for the
exclusion of ectopic beats without requiring an approximated beat to be put in its place as it is perfectly capable
of dealing with gaps in the data set, giving you a more
accurate analysis that is less affected by ectopic or missing beats.” [39] . In short term measurements, resting
SDNN is a global index of HRV and predominantly reflects vagal activity [40]. RMSSD and HF-HRV power reflect parasympathetic activity [40]. LF-HRV power may
be produced by parasympathetic, sympathetic and baroreflex activities [40]. LF/HF is difficult to interpret and
seems not to represent sympatho-vagal balance [40, 41],
although it was included to aid comparisons with previous studies. The assessor controlled that the respiratory
sinus arrythmia peak was at 0.25 Hz for each recording
using the power spectrum view in LabChart, and if important deviations were noted, data were excluded (because this meant that the subject had not followed the
paced breathing). Reliability of short term measurements
of HRV at rest in healthy subjects is reported as moderate to good [42].
HRV is dependent of heart rate for both mathematical
(i.e. the inverse non-linear relationships between the
variability of RR intervals and heart rate) and physiological (i.e. autonomic control) reasons [43–45]. Thus,
we also analyzed corrected HRV parameters as part of a
sensitivity analysis (please see below). We followed the
method developed by Sacha et al. [43–45], i.e. dividing
the HRV parameters that have a negative relation with
heart rate (e.g. LF, HF, RMSSD, SDNN) by the corresponding mean RR interval at the suitable power, to remove the mathematical bias.

Other cardiovascular outcome variables The means of
heart rate, systolic blood pressure, diastolic blood pressure, and blood pressure were also calculated from each
selected 5-min block.

Systolic blood pressure variability The beat-to-beat
variation in systolic blood pressure was resampled to obtain a smoother trace and to permit further spectral analysis (using fast Fourier transformation) of systolic blood
pressure variability in the low frequency band (0.04–
0.15 Hz) in LabChart. The low frequency oscillations in
systolic blood pressure (LF-SBP) are proposed as a
marker of the sympathetic activity to the alphaadrenergic receptor of vasculature [17] and was used in
a previous study on spinal manipulative therapies [46].

Blinding of the data processing

Blinding
Blinding of study subjects

The study subjects did not have access to the content of
the envelope used for the randomization at any time
during the whole session and were not informed of the
‘treatment’ that they would receive. At the time of the
information they had been told that that the aim of the
study was to assess the effect of different techniques
used in manual therapies on physiological outcomes and
that they would receive the same type of intervention
during both sessions. Thus, we attempted to keep them
naïve to the purpose of the study. Further, they were informed that the different researchers participating in this
trial would not answer questions dealing with the interventions until the end of the study. They were also
blinded to the recordings during the whole trial (i.e.
there was no visual or auditory feedback from the algometer nor from the computer screen).
Finally, we assessed if our sham procedure had been
successful to blind the study subjects. This was done
using a post session questionnaire about their beliefs on
the effectiveness of each intervention (HVLA manipulation and sham), to see if these were similar or if study
subjects could differentiate ‘treatment’ from sham (Additional file 1). In other words, this allowed us to see if
the brain-body responses to the supposed effective intervention context (e.g. placebo responses) [30] were effectively controlled by the sham procedure.
Blinding of the assessors during the data collection

The assessor who performed the PPT measurements left
the laboratory room, when the chiropractor performed
the intervention (i.e. HVLA manipulation or sham).
Thus, the assessor was blinded to the intervention delivered. During experimental sessions, ECG and continuous
blood pressure signals were directly recorded on a computer, and the research team had no interaction with the
study subjects during these recordings.

During the treatment of the raw data, i.e. the selection
of 5-min blocks of ECG and continuous blood pressure
recordings and the data cleaning process (e.g. visual analysis of the data, editing of the data), the assessor was
blinded to the link between the type of intervention and
data. The blinding of this procedure was ensured by
using transformed data file names.
Finally, the main statistical analysis (except for bivariate correlations) was also performed in a blinded
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manner by transforming names of the sets of data. The
study groups were uncovered only at the time of data
interpretation.
Sample size

The present study assessed the effect of a thoracic
HVLA manipulation on several outcomes. Therefore, it
would be difficult to justify a power calculation on one
particular outcome over another, as all variables had the
same importance (i.e. there was no primary outcome).
Instead, we determined our sample size on ‘the rule of
thumb’, guided by advice of a statistician and previous
literature [47]. Thus, a sample of at least 30 subjects was
recommended to detect a difference between interventions, and a sample of about 50 subjects was recommended to examine a relationship with sufficient power.
Therefore, our aim was to include about 50 subjects.
Statistical analysis

SPSS Statistics for Windows, version 25 (IBM Corp.,
Armonk, N.Y., USA) was used for all analyses. Descriptive
data are presented as frequencies for categorical variables
and mean with standard deviation (SD) for continuous
variables. Also, mean (SD) was calculated for each
dependent variable for both sessions and all time points.
We assessed the distribution of data with histograms and
QQ plots. Dependent variables with a skewed distribution
were transformed using a logarithm function (Log10) to
achieve normality. Log transformation is usual for HRV
parameters [40]. Log transformed data indicated no
marked violations against normality, apart from LF-SBP.
Differences at baseline between spinal manipulation
and sham were determined for each outcome variable
using paired t-tests or Wilcoxon signed rank tests, when
data were skewed. In addition, for each outcome variable, we assessed the risk of carry over effect by comparing baseline values of subjects allocated to the spinal
manipulation-sham sequence to those allocated to the
sham-spinal manipulation sequence using independent
t-tests or Mann Whitney U tests for skewed data.
To assess the effect of the thoracic HVLA technique
for each outcome variable (by comparing outcomes for
the spinal manipulation and the sham) we used Generalized Linear Mixed Models. Fixed effects of the models
were Intervention (categorical variable: spinal manipulation versus sham), Time (continuous variable: Baseline,
Post 1, Post 2 and Post 3), and the interaction between
intervention and time (Intervention × Time). Time was
treated as a continuous, linear variable in all models.
Quadratic effect of Time and its interaction with Intervention were added only if they improved the fit of the
model (i.e. for RR intervals as outcome variable). Random intercepts were included to account for individual
differences. Generalized Linear Mixed Model with a
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gamma distribution and a log link function was used for
LF-SBP due to a skewed distribution. Within-subject
correlations arising from the crossover design were
taken into account in all models. Sex was found not to
be a confounder and therefore excluded from the analyses. The range of age in our study subjects was too
narrow to be of any importance. A statistically significant Intervention × Time interaction was interpreted as
an effect of the spinal manipulation.
In a sensitivity analysis, we also analyzed corrected
HRV parameters. However, results were not reported if
they yielded similar conclusion as with non-corrected
HRV parameters.
We visually inspected the presence of a relationship
between cardiovascular autonomic outcomes and PPT
(with both changes from baseline and values at each
time point) using scatter plots. Also, we analyzed bivariate
correlations (i.e. monotonic relationships for both changes
from baseline and values at each time point) between cardiovascular autonomic outcomes and PPT. Distribution of
change scores were assessed with histograms and QQ
plots. We used (i) Pearson’s (parametric) or (ii) Spearman’s (non-parametric) correlation coefficient, respectively (i) if the two variables (i.e. autonomic outcomes and
PPT) followed a normal distribution or (ii) if at least one
of the outcome variables did not follow a normal distribution [48, 49]. Correlations were interpreted as negligible
(coefficient: 0.0 to 0.3), weak (coefficient: 0.3 to 0.5), moderate (coefficient: 0.5 to 0.7), strong (coefficient: 0.7 to 0.9)
or very strong (coefficient: 0.9 to 1) [48, 49].
The statistical level of significance was set at 0.05. Bonferroni corrections (dividing the alpha level by the number
of tests) were applied for bivariate correlations to compensate for the risk of obtaining a significant finding by chance
when performing multiple tests (i.e. Type I error).

Results
Participants

Fifty-four volunteers were screened for eligibility criteria,
51 were included and 41 were finally analyzed. Figure 2
shows the participant flow in the study. Characteristics
of the included subjects are reported in Table 1. The
HVLA spinal manipulation technique produced a cracking sound coming from the spine in 90% of cases (37/
41), vs. 10% (4/41) for the sham procedure. The sound
produced by the sham was felt as coming from the
scapula-thoracic gliding plane by the therapist.
Blinding of the sham procedure

The blinding was interpreted in two different ways.
First possibility

Our results suggest that the sham procedure was successful in blinding subjects in 85% of cases (Table 2. rows A,
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Fig. 2 Participant flow diagram

B, C, D), since subjects did not think that the sham was an
ineffective procedure. Indeed, (i) 71% (Table 2. row A) of
the included subjects had the same beliefs concerning the
effectiveness of both interventions on the outcomes and
none of them thought the sham was ineffective, (ii) 7%
(Table 2. rows B, C) thought that both interventions were
effective but with different levels of certainty, and (iii) 7%
(Table 2. row D) thought the sham procedure was effective but did not know for the spinal manipulation. Finally,
results suggest that the remaining 15% (Table 2. rows E, F,
G) thought that the spinal manipulation was more effective than the sham procedure, with only 4 study subjects
(Table 2. rows F, G) thinking that the sham procedure was
ineffective. Among these 4 subjects, only two (Table 2.
row G) thought that the spinal manipulation was effective
and the sham ineffective to change the outcomes.

Second possibility

It is also possible to consider that subjects who thought
that both interventions were effective but with a stronger
certainty for the spinal manipulation (Table 2. row C)
were not successfully blinded. In this case the sham was

probably successful in blinding subjects in 80% of cases
(Table 2. rows A, B, D).
In any case, since 80% or 85% of the subjects were
probably blinded and that, among them, the large majority had exactly the same beliefs regarding the effectiveness of both interventions, we can reasonably conclude
that the sham procedure used in this trial was generally
effective to control the brain-body responses to context
information (e.g. placebo responses).
Descriptive data

Descriptive data for each outcome variable are shown in
Table 3. For both interventions (spinal manipulation and
sham), mean values tended to increase over time for RRi,
Log HF-HRV, Log LF-HRV, Log LF/HF, Log RMSSD, Log
SDNN, and mean blood pressure, while decreasing values
were observed for heart rate and HF normalized unit.
Baseline comparisons and carry-over effect

There were no statistically significant differences at baseline between the spinal manipulation and the sham

Table 1 Characteristics of subjects included in the final analysis
Sequence Session 1 – Session 2
(Number of subjects)

Number of subjects
in the final analysis

Sex (Male / Female)

Age Mean (SD)

Body mass index Mean (SD)

HRV

41

19/22

19.9 (3.5)

21.6 (2.9)

SM – Sham (19)

Blood pressure

30

18/12

20.2 (3.9)

21.8 (2.6)

SM – Sham (14)

Sham – SM (22)
Sham – SM (16)
Abbreviations:
HRV heart rate variability; SM spinal manipulation (HVLA technique)

Picchiottino et al. Chiropractic & Manual Therapies

(2020) 28:7

Page 9 of 16

Table 2 Questionnaire about beliefs in the effectiveness of the interventions in an RCT on spinal manipulation
A

Subjects had same beliefs for SM and sham

29/41

71%

B

Subject thought that both interventions were effective and sham > SM

1/41

2%

C

Subjects thought that both interventions were effective and SM > sham

2/41

5%

D

Subjects did not know if SM was effective but thought that the sham was effective

3/41

7%

E

Subjects did not know if the sham was effective but thought that the SM was effective

2/41

5%

F

Subjects did not know if the SM was effective but thought that the sham was ineffective

2/41

5%

G

Subjects thought that SM was effective and sham was ineffective

2/41

5%

Notes
- A: 24/29 subjects thought with the same certainty that both interventions were effective and 5/29 “did not know”
- sham > SM means stronger certainty for the sham
- SM > sham means stronger certainty for the SM
Abbreviation:
SM spinal manipulation (HVLA technique)

sessions for any of the cardiovascular autonomic outcome variables. In addition, there were no statistically
significant differences at each baseline (i.e. baseline
spinal manipulation and baseline sham) between subjects randomized to the spinal manipulation-sham sequence and those to the sham-spinal manipulation
sequence for any of the cardiovascular autonomic outcome variables except systolic blood pressure and mean
blood pressure (see below). For instance, for the sham
session at baseline, there was no significant difference in
outcome variables between subjects who already underwent the supposed effective treatment during the first
session (spinal manipulation-sham sequence) and those
who started the experimentation (sham-spinal manipulation sequence). Regarding, systolic blood pressure and
mean blood pressure, the difference occurred only at
baseline for the spinal manipulation session, i.e. between
subjects who already underwent the sham (i.e. ineffective
intervention) compared to those starting the study.
Thus, we can conclude that the ‘effects’ of the spinal manipulation in the first intervention period did not carry
on into the next one (i.e. no carry-over effects of the
spinal manipulation). The results of these different analyses are available in Additional file 2.
Effect of spinal HVLA technique on cardiovascular
autonomic activity

We found no statistically significant effect of the spinal
manipulation (i.e. there were no statistically significant
Intervention × Time interactions) for any of the cardiovascular autonomic outcomes (Table 4).
There were statistically significant increases in RR intervals (i.e. decrease in heart rate), log HF-HRV, log LFHRV, log LF/HF, log RMSSD, and log SDNN over time
(i.e. statistically significant effect of Time). Also, there
were small (statistically significant) increases in systolic,
diastolic and mean blood pressure over time. However,
there were no statistically significant changes over time
in LF-SBP. Please see Table 4 for details.

Sensitivity analysis

A sensitivity analysis using corrected values for HFHRV, LF-HRV, RMSSD, and SDNN for the prevailing
heart rate did not change the significance of the model
estimates of fixed effects (data not shown).
Correlation between PPT and autonomic outcome
variables

Visual analysis of scatter plots with PPT plotted against
cardiovascular autonomic outcomes suggests neither
monotonic (linear or non-linear) nor other types of relationships between the two variables.
We found mainly negligible and weak (statistically
non-significant) correlations for changes from baseline
to post intervention measures between cardiovascular
autonomic outcomes and PPT (local and distal) after
both spinal manipulation and sham interventions
(Table 5). It is worth noting that there were weak and
moderate (statistically significant p < 0.006) positive associations between changes in distal PPT and changes in
both Log LF-HRV and systolic blood pressure during
the sham session (Table 5).
In addition, negligible or weak (statistically nonsignificant) correlations were found between PPT and
cardiovascular autonomic outcomes at each time point
and for each type of intervention (Additional file 2).

Discussion
Brief summary of the findings

To the best of our knowledge, this is the first randomized sham-controlled trial assessing the effect of a spinal
HVLA manipulation on both cardiovascular autonomic
activity and PPT immediately and at short term (30–40
min) after the intervention, in healthy young subjects.
We found no statistically significant effect of the thoracic HVLA technique on the cardiovascular autonomic
activity. In other words, there was no difference on the
outcomes between the thoracic HVLA technique and a
valid sham procedure. In addition, we found neither
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Table 3 Descriptive data (Mean (SD)) of all outcome variables included in an RCT on spinal manipulation for each type of
intervention and at each time point
Outcomes

Spinal manipulation

Sham

Baseline

Post 1

Post 2

Post 3

Baseline

Post 1

Post 2

Post 3

HR (bpm)

Mean

72.0

68.1

66.9

66.7

71.6

68.4

67.0

67.4

N = 41

SD

11.0

9.9

9.3

9.6

9.9

9.2

9.2

9.3

RRi (ms)

Mean

856

904

921

924

857

896

917

912

N = 41

SD

134

136

137

140

114

115

126

128

Log HF-HRV (ms2)

Mean

2.971

3.096

3.205

3.194

2.981

3.086

3.107

3.141

N = 41

SD

0.512

0.511

0.515

0.482

0.449

0.479

0.481

0.483

HF normalized unit

Mean

66.7

65.8

62.7

63.7

67.6

65.3

63.1

61.9

N = 41

SD

18.0

17.0

12.7

15.5

15.2

15.3

16.1

17.6

Log LF-HRV (ms2)

Mean

2.610

2.739

2.940

2.898

2.603

2.758

2.831

2.876

N = 41

SD

0.358

0.403

0.417

0.398

0.383

0.426

0.392

0.367

Log LF/HF

Mean

− 0.361

− 0.358

− 0.265

− 0.296

− 0.378

− 0.328

− 0.276

− 0.265

N = 41

SD

0.398

0.389

0.259

0.319

0.341

0.338

0.342

0.375

Log RMSSD (ms)

Mean

1.647

1.733

1.787

1.781

1.651

1.717

1.740

1.754

N = 41

SD

0.253

0.257

0.249

0.244

0.241

0.245

0.228

0.229

Log SDNN (ms)

Mean

1.695

1.750

1.811

1.811

1.693

1.740

1.769

1.786

N = 41

SD

0.156

0.184

0.180

0.184

0.169

0.188

0.172

0.172

SBP (mmHg)

Mean

115.1

113.6

114.9

115.9

115.8

117.6

117.6

118.7

N = 30

SD

13.0

12.2

13.2

12.2

14.7

14.2

14.5

13.2

DBP (mmHg)

Mean

56.4

55.3

56.7

57.2

56.9

58.1

58.2

60.3

N = 30

SD

8.5

9.6

9.6

8.6

9.4

9.3

8.3

8.6

MBP (mmHg)

Mean

72.2

70.8

72.5

73.1

72.9

74.0

74.0

76.1

N = 30

SD

8.9

9.8

9.8

8.6

9.5

9.8

8.7

8.9

LF-SBP (mm2Hg)

Mean

5.907

6.954

6.858

7.420

5.637

5.782

7.233

6.949

N = 30

SD

4.401

5.449

4.811

5.122

3.859

4.408

5.248

5.409

Log PPT local (kPa)

Mean

2.583

2.615

2.621

2.616

2.579

2.614

2.605

2.604

N = 41

SD

0.161

0.170

0.166

0.169

0.166

0.151

0.167

0.178

PPT distal (kPa)

Mean

526.7

570.9

576.8

578.2

481.8

535.0

520.7

535.7

N = 37

SD

157.2

189.9

187.9

181.1

153.3

165.4

177.2

160.2

Abbreviations:
SD standard deviation; HR heart rate in beats per minute; RRi intervals between normal beats; Log logarithm with base 10; HF high frequency; HF normalized unit:
HF/(HF + LF) x 100; LF low frequency; RMSSD: root mean square of the successive differences between normal heartbeats; SDNN standard deviation of the inter
beat interval of normal sinus beats; SBP systolic blood pressure; DBP diastolic blood pressure; MBP mean blood pressure; PPT pressure pain threshold in kilopascal

monotonic (linear or non-linear) associations nor evidence of other types of relationship between cardiovascular autonomic activity and PPT after the spinal
manipulation.
We noticed a decrease in heart rate over time during
sessions. This was probably caused by an increase in cardiac vagal activity, as shown by the increase in log HFHRV, log RMSSD, log SDNN. The increase in log LFHRV over time might also indicate an increase in vagal
activity. These observations may be explained by a decrease in stress after the interventions and an increase of
the time spent in a recumbent position.

Comparison with previous literature

Concerning cardiovascular autonomic control, our
results are in agreement with the conclusions of a
recent review of the literature on randomized shamcontrolled trials, suggesting that spinal HVLA techniques may have no effect on frequency domain indices of HRV immediately after the intervention
[14]. This was also the case for heart rate and blood
pressure [14]. Since the certainty of evidence in this
review was assessed as very low to low, it was pertinent to explore this issue again. Our findings thus
strengthen this conclusion.
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Table 4 Effect on cardiovascular autonomic outcomes in an RCT on spinal manipulation. Effect estimates were obtained using
generalized linear mixed models
Outcomes

Intercept

Intervention (sham as reference)

Time (covariate)

Intervention × Time (sham as reference)

RRi (ms)

Estimates

856

0.2

51

4

N = 41

95% CI

820.7 - 892.9

− 32.3 - 32.7

37 - 65.6

− 12.9 - 21.4

p values

< 0.01

0.989

< 0.01

0.626

Log HF-HRV (ms2)

Estimates

3.004

− 0.013

0.051

0.026

N = 41

95% CI

2.863 - 3.144

− 0.118 - 0.092

0.025 - 0.076

− 0.009 - 0.062

p values

< 0.01

0.805

< 0.01

0.152

HF normalized unit

Estimates

67.3

− 0.8

− 1.9

0.7

N = 41

95% CI

63.0 - 71.8

− 5.4 - 3.8

− 3.4 - − 0.3

− 1.0 - 2.4

p values

< 0.01

0.727

0.018

0.420

Estimates

2.636

− 0.001

0.089

0.018

95% CI

2.518 - 2.753

− 0.095 - 0.093

0.059 - 0.117

− 0.02 - 0.056

p values

< 0.01

0.984

< 0.01

0.360

Log LF-HRV (ms2)
N = 41
Log LF/HF

Estimates

− 0.369

0.008

0.038

− 0.011

N = 41

95% CI

− 0.466 - − 0.271

− 0.095 - 0.111

0.006 - 0.07

− 0.048 - 0.027

p values

< 0.01

0.877

0.018

0.580

Estimates

1.666

− 0.005

0.033

0.013

Log RMSSD (ms)

95% CI

1.591 - 1.74

− 0.063 - 0.052

0.02 - 0.045

− 0.006 - 0.032

p values

< 0.01

0.857

< 0.01

0.195

Log SDNN (ms)

Estimates

1.703

0.001

0.030

0.010

N = 41

95% CI

1.648 - 1.756

− 0.04 - 0.041

0.021 - 0.038

− 0.004 - 0.024

N = 41

p values

< 0.01

0.962

< 0.01

0.188

SBP (mmHg)

Estimates

115.6

− 0.9

1.2

− 0.7

N = 30

95% CI

110.2 - 120.9

− 6.4 - 4.5

0.06 - 2.3

− 2.2 - 0.8

p values

< 0.01

0.727

0.038

0.389

DBP (mmHg)

Estimates

56.7

− 0.6

1.07

− 0.9

N = 30

95% CI

53.3 - 60.1

− 3.1 - 1.9

0.3 - 1.8

− 1.7 - 0.03

p values

< 0.01

0.639

< 0.01

0.059

Estimates

72.7

− 0.8

1.02

− 0.75

MBP (mmHg)

95% CI

69.2 - 76.1

− 3.7 - 2.1

0.2 - 1.7

− 1.6 - 0.1

p values

< 0.01

0.579

< 0.01

0.101

LF-SBP (mm2Hg)

Estimates

1.557

0.003

0.050

0.050

N = 30

95% CI

1.252 - 1.861

− 0.272 - 0.278

− 0.02 - 0.12

− 0.048 - 0.149

p values

< 0.01

0.981

0.161

0.313

N = 30

Notes
- Significant effects at p < 0.05 are bold faced
- For RRi there were a quadratic Time trend (Estimate: − 10. p < 0.01) and Intervention by quadratic Time trend (Estimate: − 0.2. p = 0.931) terms in the model
- For LF-SBP we used a gamma distribution with log link function
Abbreviations:
RRi intervals between normal beats; Log logarithm with base 10; HF high frequency; HF normalized unit: HF/(HF + LF) x 100; LF low frequency; RMSSD root mean
square of the successive differences between normal heartbeats; SDNN standard deviation of the inter beat interval of normal sinus beats; SBP systolic blood
pressure; DBP diastolic blood pressure; MBP mean blood pressure

However, it should be acknowledged that in the
current trial, the cardiovascular autonomic activity was
assessed 5 min after the interventions (i.e. not during the
very immediate period after the interventions), since we
first measured the sensitivity to experimentally induced

pain. This is different from the sham-controlled trials included in the previous review which measured HRV
within the 5 min [34, 50–52] after the interventions. Our
results at short term (i.e. 30–40 min) are also in accordance with another sham-controlled trial that reported no
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Table 5 Correlation coefficients for changes from baseline between cardiovascular autonomic outcomes and PPT in an RCT on
spinal manipulation
Outcomes

Log local PPT (kPa) N = 41

Distal PPT (kPa) N = 37

Post 1 − Baseline

Post 2 − Baseline

Post 3 − Baseline

Post 1 − Baseline

Post 2 − Baseline

Post 3 − Baseline

RRi (ms)

SM

− 0.021†

− 0.003

0.012

− 0.332

− 0.071

0.097

N = 41

Sham

− 0.237

− 0.168

− 0.098†

0.014

− 0.065

0.103†

Log HF-HRV (ms2)

SM

− 0.212†

0.073

− 0.034

− 0.067

0.007

0.070

N = 41

Sham

− 0.124

− 0.028†

− 0.184†

− 0.038

− 0.062†

0.047

†

HF normalized unit

SM

− 0.266

− 0.049

− 0.058

− 0.037

− 0.013

0.211

N = 41

Sham

− 0.087

0.065

− 0.167†

− 0.308

− 0.026

− 0.300

†

†

Log LF-HRV (ms )

SM

0.120

0.126

0.077

− 0.012

− 0.015

− 0.127

N = 41

Sham

− 0.010

− 0.205

0.134†

0.220

− 0.020

0.451

Log LF/HF

SM

0.296†

0.045

0.116

0.056†

− 0.020

− 0.200

0.262

0.036

0.376

2

N = 41

Sham

Log RMSSD (ms)
N = 41

SM
Sham

− 0.083

0.079
†

− 0.204
− 0.139

†

†

†

0.219

†

0.161

†

− 0.102

0.086
†

†

†

0.046†

0.015

†

− 0.006

− 0.191

− 0.142

− 0.041

0.074

Log SDNN (ms)

SM

− 0.188

0.077

− 0.081

− 0.001

0.114

− 0.024

N = 41

Sham

− 0.160

− 0.041

− 0.263†

− 0.062

− 0.145

− 0.024

†

†

SBP (mmHg)

SM

0.141

0.081

0.087

0.209

0.137

0.343

N = 30

Sham

0.165

0.247

0.336†

0.412

0.509

0.581

DBP (mmHg)

SM

− 0.010†

− 0.022

0.015

− 0.094

0.097

0.024

N = 30

Sham

0.153

0.094

0.190†

0.020

0.343

0.266

†

MBP (mmHg)

SM

0.040

0.012

0.046

− 0.052

0.156

0.165

N = 30

Sham

0.149

0.138

0.187†

0.058

0.428

0.380

†

†

LF-SBP (mm Hg)

SM

0.278

0.142

0.164

0.062

0.007

− 0.236

N = 30

Sham

0.181

− 0.038†

0.090†

0.379

0.043†

0.058

2

Notes
- Statistically significant correlations at p < 0.006 (Bonferroni correction) are bold faced
- † Spearman’s correlation coefficients
- Pearson’s correlation coefficients unless contrary mention
- For correlations between blood pressure and distal PPT results were based (i) on 27 subjects for Post 1 - Baseline and Post 2 - Baseline and (ii) on 25 subjects for Post 3
- Baseline
Abbreviations:
SM Spinal manipulation, RRi intervals between normal beats; Log logarithm with base 10; HF high frequency; HF normalized unit: HF/(HF + LF)×100; LF low
frequency; RMSSD root mean square of the successive differences between normal heartbeats; SDNN standard deviation of the inter beat interval of normal sinus
beats; SBP systolic blood pressure; DBP diastolic blood pressure; MBP mean blood pressure; PPT pressure pain threshold in kilopascal

effect on the LF/HF ratio 30 min after the intervention
[52].
However, a recent sham-controlled trial [21] reported
a statistically significant effect of a thoracic HVLA manipulation on a time domain index of HRV (increase of
RMSSD) within the 60 s following the intervention. This
difference with the current study might be explained by
the fact that we did not assess HRV within the minute
following the intervention. It should also be noted, that
their study used osteopathy students without assessing if
the sham procedure was effective to blind the subjects.
It was therefore uncertain whether subjects were well
blinded. This might result in a performance bias and
thus increase the effect size.
It is also worth noting that a recent good quality
sham-controlled study testing the effect of spinal

mobilization reported also no effect on HRV and PPT
[29].
Further, we found no relationship between autonomic
activity and pain sensitivity after the spinal HVLA technique, which is in contrast with a previous study on
chronic pain patients dealing with spinal mobilization
[26]. That study [26] reported a strong positive correlation between a combination of autonomic variables
(skin temperature, skin blood flow, skin conductance)
and a combination of pain variables (PPT, nerve tension
test, pain-free grip test) using a confirmatory factoranalysis model. Therefore, the differences may be explained by the fact that we used bivariate associations
between cardiovascular autonomic outcomes and PPT
and that we studied healthy subjects. In addition, the
joint manipulative techniques are different, the HVLA
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(used in our study) consists of one thrust whereas
mobilization (the other study) consists of repeated oscillatory movements, which also could result in different
reactions. It is also worth noting that a recent study [53]
reported no relationship between an increase in sympathetic activity and symptomatic improvement after cervical mobilization in patients with cervical pain.
We found, however, a moderate (statistically significant) positive correlation between changes in systolic
blood pressure and distal PPT during the sham session,
which might be supported by previous literature showing an association between elevated blood pressure and
a decrease in pain sensitivity [54]. However, these results
should not be over interpreted, as they are found only
during the sham session and on a few of the study
subjects.

processed by a blinded assessor. Data collection for PPT
was also performed by a blinded assessor. Thus, the risk
of detection bias was low. In addition, we performed
most of the statistical analysis in a blinded way (except
for the correlations).
Some subjects were excluded from the final analyses
because of technical issues during the experiments. In
particular, blood pressure was difficult to record in these
conditions (long period in a recumbent position), especially in women (e.g. loss of signal likely caused by
smaller finger arteries). These exclusions reduced the
statistical power, but they did not lead to any attrition
bias as data from both sessions, for the remaining subjects, were analyzed. The larger number of subjects excluded for issues on blood pressure recording is briefly
discussed below.

Methodological consideration of the study
Population

Technical aspects of the interventions

As our study subjects were healthy and young, the findings might not be applicable to other populations, such
as people in pain or with chronic disorders.
Risk of bias

We used a drawing lots method to generate the
randomization as well as sealed opaque envelope for allocation concealment. Thus, the risk of selection bias
was low. There was a roughly equal proportion of subjects allocated to the two sequences of interventions limiting the risk of period effects. The risk of carry-over
effect was also low, as we used a wash-out period, and
there were no results suggesting the presence of such
risk.
It is difficult to blind study subjects to interventions in
controlled trials dealing with spinal HVLA manipulations, since these techniques are generally well-known
and easy to recognize by the general population and, in
particular, by chiropractic students. Thus, including only
chiropractic students might be viewed as a limitation, as
they are likely to discover the true nature of both interventions (spinal manipulation and sham). Theoretically,
this could increase the ‘effect’ (performance bias). However, we found with the post-session questionnaires that
(i) the sham procedure was successful in blinding subjects and that (ii) beliefs in the effectiveness of each
intervention to change the outcomes were generally
similar. Hence, brain-body responses caused by the
intervention context (e.g. placebo responses) [30] were
probably controlled by the sham procedure. Therefore,
the participation of chiropractic students did not affect
the risk of performance bias, i.e. there was a low risk of
performance bias.
During each session, physiological signals were directly
recorded on a computer and further extracted and

The study was limited to the assessment of the effect of
a spinal HVLA technique applied on the middle part of
the thoracic spine. Thus, the results may not be applicable to manipulation in other parts of the spine.
We used a sham procedure adopting the same physical
cues as the spinal HVLA technique (i.e. preload and
thrust) to improve its credibility as well as to produce
similar levels of mechanical stress. This was done to
control for non-specific autonomic reactions that might
be caused by mechanical stress. The sham procedure
was performed outside of the spinal joints complex to
avoid the stimulation of the supposed ‘active ingredients’
of spinal manipulation (i.e. spinal joints and surrounding
tissues). Our observations suggest, at least in part, that
the sham did not produce ‘spinal’ stimulation since there
was, generally, no cracking sound (and no cracking
sound from the spine at all) during its execution contrary to the spinal technique.
The mechanical parameters of the interventions (e.g.
preload force, peak force, and time to peak force) and
thus the resulting rate of force application during the
thrust might have an impact on some outcomes, as
shown on the immediate neuromuscular response following HVLA manipulation [7–9]. We did not record
force profiles of the interventions during the trial. Thus,
we could not see if various dosages could have an impact
on the outcomes. Nevertheless, the same person performed manipulation and sham to minimize variability
in rate of force application between each subject.
Outcome variables

We assessed only cardiovascular autonomic activity,
meaning that other autonomic sub-systems have not
been assessed, e.g. skin sympathetic nerve activity, which
was previously found to increase following mobilization
with oscillatory movements as compared to a sham [12–
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14]. Thus, these results may not be applicable to the
whole autonomic system (i.e. other autonomic subsystems) nor to other types of manual intervention such
as mobilizations. We reported several HRV parameters,
as is the common use in studies dealing with this outcome variables. However, the reader should keep in
mind that under these experimental conditions (i.e.
short-term measurements with paced breathing) some
parameters such as the HF-HRV component (marker of
cardiac vagal activity) might be more reliable than others
such as the LF-HRV component [42].
In addition, considering that the use of systolic blood
pressure variability in this research context is still limited
and that we based our conclusions on a smaller number
of subjects for this particular outcome (N = 30), our results should be interpreted with caution and thus, replication of the results is needed.
We assessed the effect of the spinal manipulation on
pain using the PPT, which explores only a limited part
of the pain responsiveness [37]. Therefore, these results
cannot be extrapolated to other pain aspects (e.g.
affective component). The PPT assessments were performed before recording ECG and blood pressure signals, as we wanted to determine if there was an
immediate hypoalgesic effect. PPT might have influenced
cardiovascular autonomic activity. However, it is reasonable to think that PPT assessment had no major impact
on autonomic outcomes as the pain sensation is not
likely to last after the pressure stops (at least not in
healthy subjects without central sensitization).
Relationship between cardiovascular autonomic activity
and PPT

Monotonic relationships were assessed using Pearson’s
or Spearman’s correlation coefficients, following previous recommendations [48, 49]. Also, we performed a
visual inspection of scatter plots to ensure that there was
no other types of relationship (i.e. non monotonic relationships) [49].
Implication and perspectives

Our results do not suggest that a single spinal HVLA
technique may specifically activate the descending pain
inhibitory system projecting from the periaqueductal
gray matter since we found (i) no effect on local and distal PPT [31] and (ii) no effect on cardiovascular autonomic outcomes. In addition, we found (iii) no
relationship between PPT and autonomic responses after
the HVLA technique.
Our assessment of the autonomic activation following
a spinal manipulation might also allow some clinical
considerations. Clinical evidence suggests that in some
chronic pain condition, an increase in sympathetic activity may lead to an increase in pain [55–57] and that
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people with chronic pain may have an altered cardiac
parasympathetic control [58, 59]. Given that spinal manipulation is often used to treat chronic pain, it seems
relevant to consider if the autonomic activation following this type of intervention might be potentially harmful (i.e. increase in sympathetic activity) or beneficial (i.e.
increase in cardiac parasympathetic control) for these
patients. In this experimental study, we noticed no pattern of autonomic reactions after the interventions that
could be considered as potentially harmful in some
chronic pain conditions at short term (e.g. increase in
sympathetic activity). However, this might be different in
people with pain or chronic pain.
We are of the opinion that it is still reasonable to conduct experimental research on this issue because our
study assessed only a limited part of the autonomic and
pain systems. Further studies should then consider
assessing several markers of autonomic nervous system
activity (i.e. assessing various autonomic sub-systems)
such as HRV and skin conductance and, very importantly, assessing several pain dimensions. Also, the potential effect of HVLA techniques applied in other parts of
the spine should be considered in further studies. Shamcontrolled trials should be used to control for nonspecific responses and an assessment made to establish
if this control procedure was effective, e.g. with the use
of post-trial questionnaire. It would also be relevant to
conduct such studies in a clinical context, especially on
chronic pain patients who may have a disturbed cardiac
autonomic (vagal) control. This would make it possible
to explore if autonomic modulations after spinal manipulations are linked to health outcomes (e.g. self-reported
pain) and if a course of treatments would permit to improve the cardiac autonomic (vagal) control.

Conclusions
Our results suggest that a single HVLA manipulation of
the thoracic spine has no specific effect on cardiovascular autonomic activity. Also, we found no relationship
between cardiovascular autonomic activity and pressure
pain threshold after the spinal manipulation. It is reasonable to conduct new experimental studies on this topic
using several markers of autonomic activity with a more
comprehensive pain assessment not limited to the immediate post intervention period. Even more relevant is,
perhaps, to perform clinical research on people with
chronic pain.
Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/s12998-019-0293-4.
Additional file 1. Post session questionnaire
Additional file 2. Additional analyses and data

Picchiottino et al. Chiropractic & Manual Therapies

(2020) 28:7

Abbreviations
ECG: Electrocardiogram; HF: High frequency band; HRV: Heart rate variability;
HVLA: High Velocity Low Amplitude; LF: Low frequency band; PPT: Pressure
pain threshold; RMSSD: Root mean square of the successive differences
between normal heartbeats; SDNN: Standard deviation of the inter beat
interval of normal sinus beats
Acknowledgements
We gratefully acknowledge the assistance of Michel Debarle MSc.
Authors’ contributions
MP was responsible for study conception, data collection, data extraction,
data analyses and manuscript preparation. MH participated in the study
conception, data collection, data extraction and performed a critical reading
of the manuscript. CLYDE participated in the study conception and
supervised the manuscript writing. OG was the main supervisor of the
project. FC provided assistance with the autonomic assessment and
performed a critical reading of the manuscript. DH provided assistance with
the autonomic assessment, data analyses and performed a critical reading of
the manuscript. All authors read and approved the manuscript.
Funding
The Fonds de Dotation pour la Recherche en Chiropratique financed the
purchase of the equipment. No additional funding was provided apart from
salaries for MP, MH, CLYDE.
Availability of data and materials
The datasets used and/or analyzed during the current study are available
from the corresponding author on reasonable request.

Page 15 of 16

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

Ethics approval and consent to participate
The study was approved by the Ethics Committee of the University of ParisSud N°07–0916.

16.

Consent for publication
Not applicable.

17.

Competing interests
The authors declare that they have no competing interests. CLY is a senior
advisor at the Journal but played no role in the review process.

18.

19.
Author details
1
Université Paris-Saclay CIAMS, 91405 Orsay, France. 2CIAMS, Université
d’Orléans, 45067 Orléans, France. 3Institut Franco-européen de Chiropraxie
(IFEC), Ivry-sur-Seine, Toulouse, France. 4Institute for Regional Health
Research, University of Southern Denmark, Odense, Denmark. 5Centre for
Musculoskeletal Research, Department of Occupational and Public Health
Sciences, University of Gävle, Gävle, Sweden.

20.

21.
Received: 4 July 2019 Accepted: 23 December 2019

References
1. Hurwitz EL. Epidemiology: Spinal manipulation utilization. J Electromyogr
Kinesiol. 2012;22(5):648–54.
2. Gross A, Langevin P, Burnie SJ, Bedard-Brochu MS, Empey B, Dugas E, FaberDobrescu M, Andres C, Graham N, Goldsmith CH, et al. Manipulation and
mobilisation for neck pain contrasted against an inactive control or another
active treatment. Cochrane Database Syst Rev. 2015;9:CD004249.
3. Coulter ID, Crawford C, Hurwitz EL, Vernon H, Khorsan R, Suttorp Booth M,
Herman PM. Manipulation and mobilization for treating chronic low back
pain: a systematic review and meta-analysis. Spine J. 2018;18(5):866–79.
4. Rubinstein SM, de Zoete A, van Middelkoop M, Assendelft WJJ, de Boer MR,
van Tulder MW. Benefits and harms of spinal manipulative therapy for the
treatment of chronic low back pain: systematic review and meta-analysis of
randomised controlled trials. BMJ. 2019;364:l689.
5. Branney J, Breen AC. Does inter-vertebral range of motion increase after
spinal manipulation? A prospective cohort study. Chiropr Man Ther. 2014;
22(1).

22.
23.
24.
25.
26.

27.

28.

Anderst WJ, Gale T, LeVasseur C, Raj S, Gongaware K, Schneider M.
Intervertebral kinematics of the cervical spine before, during, and after highvelocity low-amplitude manipulation. Spine J. 2018;18(12):2333–42.
Nougarou F, Dugas C, Deslauriers C, Page I, Descarreaux M. Physiological
responses to spinal manipulation therapy: investigation of the relationship
between electromyographic responses and peak force. J Manip Physiol
Ther. 2013;36(9):557–63.
Page I, Nougarou F, Dugas C, Descarreaux M. The effect of spinal
manipulation impulse duration on spine neuromechanical responses. J Can
Chiropr Assoc. 2014;58(2):141–8.
Nougarou F, Pagé I, Loranger M, Dugas C, Descarreaux M. Neuromechanical
response to spinal manipulation therapy: effects of a constant rate of force
application. BMC Complement Altern Med. 2016;16(1).
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 Therap. 2012;20(1):26.
Honore M, Leboeuf-Yde C, Gagey O. The regional effect of spinal
manipulation on the pressure pain threshold in asymptomatic subjects: a
systematic literature review. Chiropr Man Therap. 2018;26:11.
Chu J, Allen DD, Pawlowsky S, Smoot B. Peripheral response to cervical or
thoracic spinal manual therapy: an evidence-based review with meta
analysis. J Man Manipulative Ther. 2014;22(4):220–9.
Kingston L, Claydon L, Tumilty S. The effects of spinal mobilizations on
the sympathetic nervous system: a systematic review. Man Ther.
2014;19(4):281–7.
Picchiottino M, Leboeuf-Yde C, Gagey O, Hallman DM. The acute effects of
joint manipulative techniques on markers of autonomic nervous system
activity: a systematic review and meta-analysis of randomized shamcontrolled trials. Chiropr Man Therap. 2019;27(1):17.
Jänig W: The integrative action of the autonomic nervous system :
neurobiology of homeostasis. Cambridge, UK ; New York: Cambridge
University Press; 2006.
Heart rate variability: standards of measurement, physiological interpretation
and clinical use. Task force of the European Society of Cardiology and the
north American Society of Pacing and Electrophysiology. Circ. 1996;93(5):
1043–65.
Japundzic N, Grichois ML, Zitoun P, Laude D, Elghozi JL. Spectral analysis of
blood pressure and heart rate in conscious rats: effects of autonomic
blockers. J Auton Nerv Syst. 1990;30(2):91–100.
Figner B, Murphy RO. Using skin conductance in judgment and decision
making research. A handbook of process tracing methods for decision
research: a critical review and user's guide. Psychology Pr: New York; 2011.
Perry J, Green A, Singh S, Watson P. A preliminary investigation into the
magnitude of effect of lumbar extension exercises and a segmental rotatory
manipulation on sympathetic nervous system activity. Man Ther. 2011;16(2):
190–5.
Perry J, Green A, Singh S, Watson P. A randomised, independent groups
study investigating the sympathetic nervous system responses to two
manual therapy treatments in patients with LBP. Man Ther. 2015;20(6):861–
7.
Minarini G, Ford M, Esteves J. Immediate effect of T2, T5, T11 thoracic spine
manipulation of asymptomatic patient on autonomic nervous system
response: single-blind, parallel-arm controlled-group experiment. Int J
Osteopath Med. 2018;30:12–7.
Benarroch EE. Pain-autonomic interactions: a selective review. Clin Auton
Res. 2001;11(6):343–9.
Benarroch EE. Pain-autonomic interactions. Neurol Sci. 2006;27(Suppl 2):
S130–3.
Benarroch EE. Periaqueductal gray: an interface for behavioral control.
Neurol. 2012;78(3):210–7.
Wright A. Hypoalgesia post-manipulative therapy: a review of a potential
neurophysiological mechanism. Man Ther. 1995;1(1):11–6.
Vicenzino B, Collins D, Benson H, Wright A. An investigation of the
interrelationship between manipulative therapy-induced hypoalgesia and
sympathoexcitation. J Manip Physiol Ther. 1998;21(7):448–53.
Sterling M, Jull G, Wright A. Cervical mobilisation: concurrent effects on
pain, sympathetic nervous system activity and motor activity. Man Ther.
2001;6(2):72–81.
La Touche R, París-Alemany A, Mannheimer JS, Angulo-Díaz-Parreño S,
Bishop MD, Lopéz-Valverde-Centeno A, von Piekartz H, Fernández-Carnero J.
Does mobilization of the upper cervical spine affect pain sensitivity and

Picchiottino et al. Chiropractic & Manual Therapies

29.

30.
31.

32.
33.
34.

35.
36.

37.

38.

39.

40.
41.
42.
43.
44.

45.

46.

47.
48.
49.
50.

51.

52.

53.

(2020) 28:7

autonomic nervous system function in patients with Cervico-craniofacial
pain?: a randomized-controlled trial. Clin J Pain. 2013;29(3):205–15.
FXd A, Scholl Schell M, Ferreira GE, MDV P, de Oliveira LR, Borges BG,
Macagnan FE, RDM P, Silva MF. autonomic function and pressure pain
threshold following thoracic mobilization in asymptomatic subjects: a
randomized controlled trial. J Bodyw Mov Ther. 2017.
Wager TD, Atlas LY. The neuroscience of placebo effects: connecting
context, learning and health. Nat Rev Neurosci. 2015;16(7):403–18.
Honoré M, Picchiottino M, Wedderkopp N, Leboeuf-Yde C, Gagey O. What is
the effect of spinal manipulation on the pressure pain threshold in young
asymptomatic subjects? A randomized placebo-controlled trial, with a crossover design. Chiropr Man Ther. 2019; https://doi.org/10.1186/s12998-0200296-1.
Dwan K, Li T, Altman DG, Elbourne D. CONSORT 2010 statement: extension
to randomised crossover trials. BMJ. 2019;366:l4378.
Grieve GP. Contra-indications to spinal manipulation and allied treatments.
Physiother. 1989;75(8):445–53.
Budgell B, Polus B. The effects of thoracic manipulation on heart rate
variability: a controlled crossover trial. J Manip Physiol Ther. 2006;
29(8):603–10.
Chaibi A, Saltyte Benth J, Bjorn Russell M. Validation of placebo in a manual
therapy randomized controlled trial. Sci Rep. 2015;5:11774.
Chesterton LS, Sim J, Wright CC, Foster NE. Interrater reliability of algometry
in measuring pressure pain thresholds in healthy humans, using multiple
raters. Clin J Pain. 2007;23(9):760–6.
Lacourt TE, Houtveen JH, van Doornen LJP. Experimental pressure-pain
assessments: test-retest reliability, convergence and dimensionality. Scand J
Pain. 2012;3(1):31–7.
O'Neill S, Odegaard-Olsen O, Sovde B. The effect of spinal manipulation on
deep experimental muscle pain in healthy volunteers. Chiropr Man Therap.
2015;23:25.
ADINSTRUMENTS: Using the Lomb-Scargle Periodogram for HRV analysis.
https://www.adinstruments.com/blog/using-lomb-scargle-periodogramhrva-nalysis. Accessed 15 Mar 2019.
Shaffer F, Ginsberg JP. An overview of heart rate variability metrics and
norms. Front Public Health. 2017;5:258.
Billman GE. The LF/HF ratio does not accurately measure cardiac sympathovagal balance. Front Physiol. 2013;4:26.
Sandercock GR, Bromley PD, Brodie DA. The reliability of short-term
measurements of heart rate variability. Int J Cardiol. 2005;103(3):238–47.
Sacha J, Pluta W. Alterations of an average heart rate change heart rate
variability due to mathematical reasons. Int J Cardiol. 2008;128(3):444–7.
Sacha J, Barabach S, Statkiewicz-Barabach G, Sacha K, Muller A, Piskorski J,
Barthel P, Schmidt G. How to strengthen or weaken the HRV dependence
on heart rate--description of the method and its perspectives. Int J Cardiol.
2013;168(2):1660–3.
Sacha J, Sobon J, Sacha K, Barabach S. Heart rate impact on the
reproducibility of heart rate variability analysis. Int J Cardiol. 2013;168(4):
4257–9.
Younes M, Nowakowski K, Didier-Laurent B, Gombert M, Cottin F. Effect of
spinal manipulative treatment on cardiovascular autonomic control in
patients with acute low back pain. Chiropr Man Therap. 2017;25:33.
Morgan CRWVaBL. Understanding power and rules of thumb for
determining sample sizes. Tutorials Quant Methods Psychol. 2007;3(2):43–50.
Mukaka MM. Statistics corner: a guide to appropriate use of correlation
coefficient in medical research. Malawi Med J. 2012;24(3):69–71.
Schober P, Boer C, Schwarte LA. Correlation coefficients: appropriate use
and interpretation. Anesth Analg. 2018;126(5):1763–8.
Budgell B, Hirano F. Innocuous mechanical stimulation of the neck and
alterations in heart-rate variability in healthy young adults. Auton Neurosci.
2001;91(1–2):96–9.
Roy RA, Boucher JP, Comtois AS. Heart rate variability modulation after
manipulation in pain-free patients vs patients in pain. J Manip Physiol Ther.
2009;32(4):277–86.
Sampath KK, Botnmark E, Mani R, Cotter JD, Katare R, Munasinghe PE,
Tumilty S. Neuroendocrine response following a thoracic spinal
manipulation in healthy men. J Orthop Sports Phys Ther. 2017;47(9):617–27.
Lascurain-Aguirrebeña I, Newham DJ, Galindez-Ibarbengoetxea X, CasadoZumeta X, Lertxundi A, Critchley DJ. Association between
sympathoexcitatory changes and symptomatic improvement following

Page 16 of 16

54.

55.

56.
57.
58.

59.

cervical mobilisations in participants with neck pain. A double blind
placebo controlled trial. Musculoskelet Sci Pract. 2019;42:90–7.
Bruehl S, Chung OY. Interactions between the cardiovascular and pain
regulatory systems: an updated review of mechanisms and possible
alterations in chronic pain. Neurosci Biobehav Rev. 2004;28(4):395–414.
Passatore M, Roatta S. Influence of sympathetic nervous system on
sensorimotor function: whiplash associated disorders (WAD) as a model. Eur
J Appl Physiol. 2006;98(5):423–49.
Schlereth T, Birklein F. The sympathetic nervous system and pain.
NeuroMolecular Med. 2008;10(3):141–7.
Crockett A, Panickar A. Role of the sympathetic nervous system in pain.
Anaesth Intensive Care Med. 2011;12(2):50–4.
Koenig J, Falvay D, Clamor A, Wagner J, Jarczok MN, Ellis RJ, Weber C,
Thayer JF. Pneumogastric (Vagus) nerve activity indexed by heart rate
variability in chronic pain patients compared to healthy controls: a
systematic review and Meta-analysis. Pain Physician. 2016;19(1):E55–78.
Tracy LM, Ioannou L, Baker KS, Gibson SJ, Georgiou-Karistianis N, Giummarra
MJ. Meta-analytic evidence for decreased heart rate variability in chronic
pain implicating parasympathetic nervous system dysregulation. Pain. 2016;
157(1):7–29.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

