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Abstract: The term "stress" refers to the state induced by perceiving stimuli that trigger emotional
and hormonal responses in the body's balance. In acute stress situations, adrenaline, neurotrans-
mitters, and cortisol are released, causing systemic changes and physiological disruptions, keeping
the body alert. Heart rate variability assesses the autonomic nervous system. Joint manipulation,
involving high-speed, low-amplitude movements, was chosen based on the patient's dysfunction.
The study aimed to assess the immediate effects of this technique on the sympathetic and para-
sympathetic systems, analyzing heart rate variability in university students in Fortaleza. This
cross-sectional, randomized, quantitative study at the Ateneu University Center involved 20 par-
ticipants divided into two groups: G1 — vertebral manipulation application and G2 — a control
group with positioning only. Autonomic nervous system evaluation used a sensor connected to the
earlobe and the Inner Balance app. Data was processed by Em Wave and Kubios software before
and after manipulation. Range of motion was assessed using Kinovea software. Both groups expe-
rienced increased range of motion, with greater improvement in the manipulation group. Both
groups showed increased parasympathetic activity and reduced sympathetic stress levels, possibly
influenced by manipulation and touch, providing either nerve decompression or direct autonomic
nervous system stimulation through touch.

Keywords: Vertebral manipulation; Stress; Autonomic Nervous System; Thermography.

1. Introduction

The term "stress" refers to the state caused by the perception of stimuli that provoke
emotional and hormonal agitation in the process of the body's balance. In acute cases,
there is an increase in the secretion of adrenaline and other neurotransmitters, as well as
the hormone cortisol, leading to systemic changes, with physiological and psychological
disturbances. Thus, stress situations generally result in an overall increase in the activa-
tion of the body, so that the individual can react to the aggressor [1, 2].

Initially, it was believed that this physiological activation was generic and undif-
ferentiated for any stressor. However, it is now assumed that different neural and endo-
crine systems are involved in responding to stress and can indeed be activated. The
neuroendocrine axis takes longer to activate and requires more prolonged stress condi-
tions. Its activation triggers the adrenal medulla, leading to the secretion of catechola-
mines (adrenaline and noradrenaline), which helps to increase and maintain somatic
adrenergic activity, producing effects like those generated by sympathetic activation [3].

Generally, this imbalance occurs due to an individual's inability to respond to en-
vironmental demands. It manifests through a variety of responses, whether physical,
psychological, environmental, or emotional. Chronic and intense exposure to stressors
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stimulates changes in stress-responsive systems, phenomena closely linked to the path-
ophysiology of numerous diseases. One of the most studied systems is the cardiovascular
system, as it is one of the leading causes of death worldwide, and it is subject to signifi-
cant changes in response to acute and chronic stress [4].

The complexity of the cardiovascular system is regulated by neural and neu-
ro-hormonal mechanisms that respond to stimuli from afferent receptors through effer-
ent innervations of the autonomic nervous system (ANS). Commonly, an increase in
heart rate (HR) is considered a result of greater sympathetic pathway activity or de-
creased parasympathetic activity (PSN), i.e., vagal inhibition, while its decrease is pri-
marily dependent on the dominance of vagal activity [5].

The ANS is divided into two parts, the parasympathetic, which generally relaxes the
body, and the sympathetic, which has an antagonistic action, exciting the individual.
Despite their differences, the parasympathetic has localized action to an organ or part of
the body, and the sympathetic tends to have diffuse actions, affecting several organs or
sectors; both assist and work harmoniously in coordinating visceral activity. The ANS
plays a fundamental role in controlling blood pressure and heart rate and can be related
as a significant pathophysiological factor in the development of hypertension. Thus,
some dysfunctions along the spinal column can cause changes in the Autonomic Nervous
System, leading a person to exhibit signs not related to any diagnosed pathology [6, 7].

Heart rate variability (HRV) is a tool often used to measure independent position-
ing. HRV explains the variations in intervals between heartbeats in continuous RR space,
which are associated with the effects of the ANS on the sinus node. As a non-invasive
measure used to identify symptoms related to comfort in both individuals with dysfunc-
tion and healthy athletes or not, thoracic manipulations can stimulate the cardiac sym-
pathetic system, increasing heart rate, stroke volume, and cardiac output, while some
authors find changes in the parasympathetic system related to cervical myofascial release
and targeted cervical use to present the positioning of the vagus nerve [8, 9].

Joint use is a recognized method involving a rapid, high-acceleration, and
small-displacement movement, usually performed at the end of the range of motion. The
point of application is marked according to the change exhibited by the patient, desig-
nated, and examined. It is considered that not all patients are comfortable with the use or
achieve the necessary relaxation for it. The method can be applied as an oscillatory
strategy at some points of the range of motion, or as a high velocity thrust (HVT) at the
end of the joint range of motion. It is believed that after spinal manipulation there is a
creation of analgesia and sympathetic excitation, but the mechanisms by which this oc-
curs are not fully understood [10, 11].

The accepted model is that the analgesia resulting from use (and association) is a
natural neurophysiological response to the stimulation of the pain pathway generated by
descending inhibitory pain services, with an indispensable role provided by the lateral
column of the periaqueductal gray matter (PAG). This hypothesis is supported by animal
studies where stimulation of the dorsal/dorsolateral PAG leads to analgesia, motor facil-
itation, and sympathetic excitation [12]. Several studies show changes in the activation of
the peripheral and central sympathetic nervous system after spinal manipulation, with
most researchers observing resolutions in the SNS following a decrease in agility. The
execution of a lateral glide of the spine and a postero-anterior movement C5/6 are exam-
ples of central sympathetic-excitatory consequences, as evidenced by changes in the car-
diovascular and respiratory systems [13].

The neurophysiological implications of association and handling are similar. They
refer to hypoalgesia, inhibition of muscle contraction by influencing motoneuron irrita-
bility, improvement in motor command, and reproduction in the autonomic nervous
system. Although it is not yet precise, the principle allowing for analgesia is established
due to mechanical peri-articular receptors, which inhibit the later mechanical receptors.
This constitutes an assertive conclusion of the mechanisms proposing pain inhibition
[11].
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This study aims to evaluate the acute effects of spinal manipulation on the auto-
nomic nervous system in students at a university center in Fortaleza, Brazil.

2. Methodology

2.1 Research Design

This is an analytical, interventional, quantitative, and cross-sectional study.

2.2 Location and Participants of the Research

The research was conducted at the Ateneu University Center, Sdo Vicente campus at
the address: Rua Sao Vicente de Paula, 300 — Antdnio Bezerra, Fortaleza — CE, 60860-528,
from September to December 2019, with students regularly enrolled in the 2019.2 se-
mester, in any undergraduate course at the Ateneu University Center. The students were
randomly chosen and allocated into groups. The inclusion criteria for this study were
Ateneu University Center students aged between 20 and 40 years, of both sexes, who
reported some discomfort in the spine. The exclusion criteria for this study were students
with skin diseases, burns, joint hypermobility, vertebral fractures, protrusion and disc
herniation, severe osteoporosis, spondylolisthesis, or those who were afraid of under-
going manipulations. The students were divided into two groups: G1, where
high-velocity and low-amplitude spinal manipulation was performed, and G2, where the
students were only positioned in the manipulation posture, without performing the
maneuver.

2.3 Data Collection and Analysis

Approved by the Ethics and Research Committee and after signing the Free and
Informed Consent Form (TCLE), the data collection and analysis began.

Heart rate variability was collected using a sensor placed on the earlobe and con-
nected to a smartphone. The collection was done 5 minutes before and 5 minutes after the
manipulation or just positioning. The app used was Inner Balance, available for free. The
data obtained by the app were transferred to a computer as a text file and the RR interval
signals processed to calculate HRV using the Kubios HRV Analysis software (MATLAB,
version 2 beta, Kuopio, Finland). The cardiac variability system (data collection with the
EmWave system / data processing with the Kubios system), HRV Cardiac variability
(autonomic nervous system) performed before and after the manipulation. The variables
collected were SNP index (parasympathetic nervous system) and SNS index (sympa-
thetic nervous system).

The assessment of joint range of motion was performed using Kinovea software,
obtained for free from its website. Reference points, marked with a skin marking pen
(dermatograph), were placed on specific points, depending on the joint to be assessed.

2.4 Evaluation of range of motion

2.4.1 Cervical

Flexion and extension: the patient was seated and the evaluator standing beside
them. Fixed arm of the goniometer: placed at the level of the acromion and parallel to the
ground, in the same transverse plane as the spinous process of the seventh cervical ver-
tebra. Movable arm of the goniometer: At the end of the movement, placed towards the
earlobe.

Lateral flexion: The patient was seated, and the evaluator stood behind the patient.
Fixed arm of the goniometer: parallel to the ground in the same transverse plane as the
spinous process of the seventh cervical vertebra. Movable arm of the goniometer: at the
end of the movement, it was placed along the midline of the cervical spine, directed to-
wards the external occipital protuberance.
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Rotation: The patient was seated, and the evaluator stood behind the patient. Fixed
arm of the goniometer: in the center of the head, on the sagittal suture. Movable arm of
the goniometer: at the end of the movement, placed on the sagittal suture.

2.4.2 Hip

Flexion (lasegue): The patient was in the supine position, and the evaluator beside
them. Fixed arm of the goniometer: placed along the mid-axillary line of the trunk.
Movable arm: the goniometer was placed parallel and over the lateral surface of the
thigh, towards the lateral condyle of the femur.

The patients' assessments were carried out by measuring the range of motion using
Kinovea software (before and after manipulation or positioning), as shown in figure 1,
and Heart Rate Variability using the Inner Balance app before and after the technique,
and later analyzed by Kubius software.

2.5 Experimental Procedure

2.5.1 Lumbar

Participants allocated to G1 received a high-velocity and low-amplitude (HVLA)
manipulative technique in the lumbar region. The HVLA manipulation was unspecific,
not manipulating a single vertebra but the entire segment under study. In performing the
lumbar manipulation technique, the patient was positioned in a lateral decubitus posi-
tion. The therapist positioned themselves at the height of the patient's abdomen, with
their caudal hand in the suprajacent interspinous cavity, pulling the lower arm and ro-
tating their trunk until tension was assessed in the mentioned region. Then, the leg on the
top was positioned in hip and knee flexion, with the latter off the table, leaving the
lumbar spine in maximum rotation (Figure 1). In a quick movement, a rotation of low
amplitude was performed.

2.5.2 Thoracic

The patient was positioned in prone position on a low table with the upper limbs
close to the body. The physiotherapist positioned themselves at the patient's side with the
hypothenar area of their hands touching the transverse processes, applying a small force
in a postero-anterior and caudo-cephalic direction along the entire length of the thoracic
spine, as shown in figure 2.

Figure 1: Initial Position for Lumbar Manipulation of Patients Allocated to G1.

\ it
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Figure 2: Initial Position for Thoracic Manipulation of Patients Allocated to G1.

2.5.2 Thoracic

For the cervical spine, the patient was positioned in a supine position. The therapist
stood at the back of the patient's head. They performed a lateral flexion of the cervical
spine and rotated it towards the side opposite the lateral flexion (Figure 3). At the end of
the range, a high-speed and low-amplitude displacement was performed. A crepitation
may be felt, indicating that a manipulation has occurred.

Figure 3: Initial Position for Cervical Manipulation of Patients Allocated to G1.

3. Results and discussion

Spinal manipulation often results in a sensation of comfort and muscle relaxation in
many patients, due to postural correction and activation of the autonomic nervous sys-
tem (Maitland, 2006; lanuzzi et al., 2005). After the spinal manipulation, an increase in the
range of motion and parasympathetic action was observed in the tested students. How-
ever, it was also noted that simply positioning the student stimulated the ANS, which
may have contributed to the increased range of motion measured.

Table 1: Degrees (°) values of the range of motion before and after spinal manipulation
for the movements of flexion, hyperextension, rotation, and lateral flexion of the cervical
spine, and hip flexion. The student’s "t" test was applied with p < 0.05.

Positioning Before After Reference Value
Cervical flexion 494 58 65
Cervical hyperextension 40 45.9 50
Hip flexion 80.3 97.2 125
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Cervical rotation to the right 77.4 85.4 90
Cervical rotation to the left 75.8 85.1 90
Cervical lateral flexion to the right 36.1 41.2 45
Cervical lateral flexion to the left 37.2 41.8 45

According to Table 1, there was a significant difference for p < 0.05 between the pa-
rameters evaluated before and after spinal manipulation for the movements of cervical
flexion, hyperextension, and hip flexion. After the procedure, the values were closer to
the reference standards. Based on the Student's "t" test, there was no significant difference
in right rotation, while there was a significant difference in left rotation compared to be-
fore and after the manipulation. This is attributed to the fact that the mean amplitude to
the left was much lower than to the right. No questionnaire was conducted to identify if
the dominant side of the students could have any interference.

There was an increase in amplitude in the movement of lateral flexion to the right
and left when comparing before and after, which demonstrates the efficacy of the tech-
nique in these students. Scharples [14] assessed the results of cervical range of motion
after thoracic spine manipulation, observing significant results in all movements when
comparing the assessment before the first intervention with the assessment after the
second intervention. In cervical tilting movements, the increase in range of motion was
significant immediately after the first intervention. Similar results were found after a
single intervention, however, the increase in amplitude was significant for rotation
movements. Pefias [15], despite observing an increase in range of motion, did not find the
results to be significant.

After manipulation, the students reported muscle relaxation or a sensation of bodily
comfort. No one presented algic symptoms immediately after. This study did not aim to
confirm changes in the degree of pain and posture, but the results suggest that the re-
duction of range of motion (ROM) is related to the presence of vertebral somatic dys-
function and muscle tensions. Manipulations lead to significant improvement in pain,
mobility, and functional capacity [16]. Spinal manipulation indicates that the aspects that
mark the immediate results on discomfort and reduction of movements at the level of the
joint and proportion of the intervertebral joint level [17]. The combination of movements
in the spinal column on stress zones in the spine and the displacement of the position of
the vertebrae can dominate and move various structures of the body in space, altering
normal functions.

According to Table 2, it can be observed that there was a significant increase, albeit
smaller compared to manipulation, in the range of motion of the parameters used. It is
believed that even the touch on the patient influences the autonomic nervous system,
modifying levels of cortisol and oxytocin, altering the bio-psycho-social environment,
and thus, stimulating the parasympathetic system [18].

Table 2: Degrees (°) values of the range of motion before and after positioning for the
movements of flexion, hyperextension, rotation, and lateral flexion of the cervical spine,
and hip flexion. The student’s "t" test was applied with p < 0.05.

Positioning Before After Reference Value
Cervical flexion 48.42 52.57 65
Cervical hyperextension 39 42.14 50
Hip flexion 80.85 90.14 125
Cervical rotation to the right 76.57 79.85 90
Cervical rotation to the left 77.57 79.28 90

Cervical lateral flexion to the right 38 41.57 45
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Cervical lateral flexion to the left 39.25 41.28 45

It is known that the activity of the parasympathetic nervous system (PNS) (vagal
stimulation) decreases heart rate and increases heart rate variability. The activity of the
sympathetic nervous system (SNS) has the opposite effect on heart rate and heart rate
variability, that is, it increases the HR and decreases the HRV. Therefore, the HR is lower
and the HRV is higher when we are at rest and fully recovered. During stressful situa-
tions, when sympathetic nerve activity increases, the resting heart rate is elevated and
heart rate variability decreases [19].

In a randomized study with 100 patients suffering from chronic neck pain, Galaasen
Bakken et al. [20] investigated the immediate effect of a spinal manipulation at T3-T4 on
the autonomic nervous system activity in individuals with chronic neck pain. The ma-
nipulation did not result in a change in sympathetic activity. Furthermore, there was no
significant difference in the subjects' perception of pain (p=0.961) when comparing the
effects of the manipulation to a placebo intervention within this group of individuals
with chronic neck pain. The interpretation of PNS and SNS indices is straightforward
[20].

A PNS (or SNS) index value of zero means that the parameters reflecting parasym-
pathetic (or sympathetic) activity are, on average, equal to the normal population mean.
Correspondingly, PNS index values different from zero describe how these values are
below or above the reference. This reference is given with the population at rest. How-
ever, during stress or during high-intensity exercises, very low PNS indices and much
higher SNS values can be observed. A tabela 3 mostra a média do percentual dos alunos.
Inicialmente, se apresentaram mais simpaticos. Ap6s a manipulagao vertebral, os niveis
de simpatico diminuiram e o parassimpatico aumentou. Essa diferenca foi significativa
estatisticamente, pelo teste “t” de Student, com p <0,05.

Table 3: Result of the Kubios HRV Analysis on the Sympathetic and Parasympathetic
Systems Before and After Spinal Manipulation.

Index Percentage
Sympathetic before 0.6 53.46
Sympathetic after -0.065 45.76
Parasympathetic before 0.973 46.26
Parasympathetic after 2.332 53.82

According to Table 4, it can be observed that positioning the patient, even without
spinal manipulation, was statistically significant, as there was an improvement in the
index and percentage, with respect to the increase in parasympathetic and decrease in
sympathetic activity. Figure 4 shows the variation of the index and percentage before and
after spinal manipulation. In this case, there was an increase in the index from 1.22 to
-0.64 in the sympathetic system. This indicates that the student was experiencing a level
of stress above that of the resting population, and after the manipulation, the stress levels
decreased.

Table 4: Result of the Kubios HRV Analysis on the Sympathetic and Parasympathetic
Systems Before and After Positioning.

Index Percentage
Sympathetic before -0.18 42.56
Sympathetic after -0.49 39.46
Parasympathetic before 3.79 56.93
Parasympathetic after 5.13 60.13
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Figure 4: Graph generated by Kubios HRV showing the index values and the sympa-
thetic and parasympathetic percentages. A) before manipulation. B) after manipulation.
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Kubios HRV - Results Overview Parasympathetic Nervous System (PNS)
Results compared to Normal (resting) values Mean RR RMSSD HF power n.u.

| Parasympathetic tone (recovery)l I Sympathetic tone (stress)l 783 ms  147.7 ms 75.2%
| PNS Index = 2.89 |

Sympathetic Nervous System (SNS)
Mean HR Stress index LF power n.u.
77 bpm 4.3 24.3%

5 4 B2 A 042 3 N EE A B> RS DD AE
Low NORMAL HIGH HIGH NORMAL LOW SNS Index = -0.64

4. Conclusion

Based on the presented data, it can be concluded that both spinal manipulation and
simple positioning, simulating a manipulation, can affect the autonomic nervous system,
thereby reducing stress levels (sympathetic) and increasing the parasympathetic system.
It is believed that simple touch can interfere with the action of the autonomic nervous
system, thus modifying a lifestyle and reducing stress levels.

The gain in range of motion can be related both to the reduction in sympathetic lev-
els and to localized effects. Manipulation corrects subluxations, which in turn decom-
press nerve exits, thereby improving nerve supply to the muscles, tendons, and fasciae.
The purpose of this study was to acutely evaluate the effects of manipulation. Further
research is still needed to understand how long these effects last in the body and what
other structures are affected by this procedure.
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