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Abstract

Introduction: The neural mobilization technique in the sympathetic slump position (NMSS) was based on the
slump test, whose purpose was to directly influence the sympathetic trunk and thus provide greater analgesia by
sympathetic activation and treat pain syndromes caused by peripheral sympathetic changes. Therefore, as the
autonomic nervous system (ANS) is responsible for extrinsic regulation of the cardiovascular system through
sympathetic and parasympathetic action, the aim of this study was to investigate the influence of the NMSS
technique on the systolic and diastolic blood pressure and heart rate variability in athlete and non-athlete men.
Methods: Twenty‑eight subjects performed the procedure that was divided into three phases: rest; intervention
and recovery, lasting 4 minutes and 30 seconds each, totaling a 13-minute and 30 seconds collection time.
Results: The results showed that the NMSS technique significantly influences the action/activity of the ANS, as
there was predominant sympathetic activation during the application of the technique, which was observed by
the increase in systolic blood pressure, low frequency (LF), LF/HF ratio and decreased values of high frequency
(HF). Conclusion: It may be concluded that the neural mobilization technique on the sympathetic slump (NMSS)
significantly influences the ANS action/activity. Among the groups there was no statistically significant difference
in heart rate variability. It is worth noting that patients with cardiovascular disorders may be at risk if the NMSS
technique is applied, since there was an increase in SBP and sympathetic activation during its application in both
groups.
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Introduction
The neural mobilization technique on the sympathetic
slump (NMSS) was based on the slump test described by
Maitland (1985) to obtain greater analgesia by sympathetic
activation. The test included the following parameters:
contralateral thoracic inclination and rotation; contralateral
cervical inclination and posterior-anterior mobilization
of the costovertebral joint to create greater stress on the
sympathetic trunk due to anatomic position (Butler and
Slater, 1994; Cleland and McRae, 2002; Cleland et al.,
2002; Giri and Nixdorf, 2007).
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Due to its direct influence on the sympathetic trunk,
the NMSS technique can be beneficial for treating painful
syndromes caused by sympathetic peripheral changes,
as recent evidence suggests that increased stimulation
of the sympathetic nervous system (SNS) caused by
compression, trunk distortion or stretches, ganglia or
connecting sympathetic branch may be related to chronic
pain involving symptoms of allodynia, trophic, vasomotor
and sudomotor changes (Blumberg et al., 1997; Butler
and Slater, 1994; Carlson and Watson, 1998; Giri and
Nixdorf, 2007).
However, the autonomic nervous system (ANS)
plays a prominent role in controlling the balance of
cardiovascular functions (Sata et al., 2018; Seravalle et al.,
2018; Silveira et al., 2012). The maintenance of pressure
levels within a range of normality depends on variations
in cardiac output or peripheral resistance or both. Among
the most important peripheral sensors in this modulation,
we describe the role of arterial mechanoreceptors and
chemoreceptors and cardiopulmonary receptors in different
pathophysiological situations. For instance, a rise in blood
pressure activates baroreceptors that inhibit the tonic activity
of sympathetic preganglionic neurons in the spinal cord.
In parallel, increased pressure stimulates the activity of
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the parasympathetic preganglionic neurons in the dorsal
motor nucleus of the vagus and in the ambiguous nucleus
that influence the heart rate. The carotid chemoreceptors
also have some influence, but this is a less important
impulse than that derived from the baroreceptors. As a
result of this shift in the balance of sympathetic and
parasympathetic activity, the noradrenergic stimulatory
effects of postganglionic sympathetic innervation on the
cardiac pacemaker and cardiac musculature are reduced
(an effect aided by decreased catecholamine production
of the adrenal medulla and decreased vasoconstriction
effects of sympathetic innervation on peripheral blood
vessels). At the same time, activation of the heart’s
parasympathetic cholinergic innervation decreases the
rate of cardiac pacemaker discharge at the sinoatrial
node and delays the ventricular conduction system.
These parasympathetic influences are mediated by
an extensive series of parasympathetic ganglia in and
near the heart that release acetylcholine into cardiac
pacemaker cells and cardiac muscle fibers. As a result
of this combination of sympathetic and parasympathetic
effects, heart rate and the effectiveness of atrial and
ventricular contraction of the myocardium are reduced
and the peripheral arterioles dilate, thereby lowering blood
pressure (Chapleau et al., 1989; Di Rienzo et al., 2009;
Irigoyen et al., 2001; Lopes et al., 2000; Seravalle et al.,
2018). Therefore the ANS branches are responsible for
extrinsic regulation and work together through sympathetic
and parasympathetic action, modifying the frequency of
heart beats to adjust blood pressure (BP). The resulting
effect of these autonomic influences is called heart rate
variability (HRV) (Alderman and Olson, 2014; Hasan,
2013; Kawaguchi et al., 2007; Silveira et al., 2012).
The measurement of HRV is a noninvasive technique
used to investigate ANS functioning related to sympathovagal
balance (Borell et al, 2007; Casonatto et al., 2011;
Vieira et al., 2012). The measurement of HRV can be
done mainly in time and frequency domain (spectral
analysis), of which the frequency domain is more frequently
chosen to assess ANS functioning in individuals at rest
(Corazza et al., 2014; Hodges et al., 2018; Kawaguchi et al.,
2007; Vanderlei et al., 2009; Vieira et al., 2012; Rassi,
2018; Wazen et al., 2018). The HRV is based on three
spectral components: high frequency (HF) - ranging
from 0.15 to 0.4 Hz, which corresponds to the respiratory
modulation and indicates the performance of the vagus
(parasympathetic) nerve on the heart rate; low frequency
(LF) - ranging from 0.04 to 0.15 Hz, the result of
the vagus nerve and sympathetic action on the heart,
with sympathetic predominance; very low frequency
(VLF) - ranging from 0.003 to 0.04 Hz, less frequently
used rates whose physiological explanation is not well
established and the LF/HF ratio that characterizes the
cardiac sympathetic‑vagal balance (Borell et al., 2007;
Chua et al., 2008; Goldstein et al., 2011; Grassi et al.,

2012; Malliani, 1999; McCraty and Shaffer, 2015;
Task…, 1996; Vanderlei et al., 2009).
The hypothesis of this study is to show evidence about
the central influences caused by the application of the
neural mobilization technique on the sympathetic slump
in men with different physical conditions, since sports
practice can influence the ANS activity. In addition to
contributing to the understanding and establishment of
criteria for its application in people with some type of
cardiovascular injury. Given the above, the aim of the
study was to verify the influence of the NMSS technique
on systolic and diastolic blood pressure and heart rate
variability in men (athletes and non-athletes).

Methods
Subjects
This is a clinical analytical, prospective, cross‑sectional
study, in which the same individual was control.
The 28 healthy male volunteers were divided into two
experimental groups (NAMG – non-athlete men and AMG
– athlete men). The AMG group consisted of triathlon
athletes who performed a training routine of five times
a week, involving running, swimming e cycling. Athlete
and non-athlete men who signed the free and informed
consent were included in the study. Volunteers who had
musculoskeletal and/or neurological injuries, rest heart
rate below 60 and above 100 beats per minute, systolic
blood pressure at rest below 90 and above 140 mmHg,
cardiovascular abnormality, and those who could not
reach 25 cm below the knee in the standing flexion test
and positive neural tension for the Slump test, conditions
that may cause discomfort during the Slump position.
Furthermore, volunteers who were smokers also were
excluded.

Experimental procedures
The survey was conducted in a controlled-temperature
room between 23°C and 25°C. The procedures were
performed between April and June 2014 from 10:00 to 11:00
in the morning.
Volunteers were instructed not to ingest coffee,
alcohol or other beverages that could stimulate or
inhibit ANS activity two hours before the procedure.
For posterior‑anterior mobilization (PA), the 9 th
costovertebral joint was marked with a pen before the
first phase. According to Nathan (1987), the sympathetic
ganglion immediately crosses the T9-T10 costovertebral
joints. The procedure was divided into three phases:
rest; intervention and recovery, lasting 4 minutes and
30 seconds each, totaling a 13-minute and 30 seconds
collection time. During each phase, the following
procedures were performed:
• Rest: volunteer sat on the plinth with legs bent
over the plinth;
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•

•

Intervention: application of the NMSS technique
on the 9th costovertebral joint with volunteer sitting
in the sympathetic slump position. The technique
was applied continuously in three sets of one
minute, with a thirty-second interval between
them;
Recovery: follow-up phase of the autonomic
nervous system response after stimulation,
volunteer in the same position as the rest phase;

Protocol for data acquisition and processing
To collect PA, the volunteer wore the Premium digital
blood pressure device on the right wrist, according to
manufacturer’s guidelines. The volunteer was instructed to
place his right hand on his left shoulder so that the device
was at heart height and the volunteer in the position of
their respective collection phases. Collection was held
at the beginning of the rest phase, early recovery phase,
and final recovery phase. The Polar heart monitor
RS800CX and Polar WearLink sensor were used for
heat rate (HR) data collection. We chose the Polar heart
monitor RS800CX instead of the electrocardiogram
(ECG) because previous studies have shown that both
have equivalent scientific value, and therefore it could
be used for scientific research (Borell et al., 2007;
Essner et al., 2013; Krygier et al., 2013; Quintana et al.,
2013; Wallen et al., 2012).
The HR data collection was recorded and digitalized
at 1000Hz with temporal resolution of 1-ms for each R-R
interval and imported into the Polar cardiac monitor
RS800CX through the Polar WearLink. In addition,
the data was transmitted via infrared sensor through
the Irda-USB interface to a notebook containing the
Polar ProTrainer 5 software, a software for automatic
error correction and computing of HRV to obtain the

data of evolution of the signal power at different levels
of decomposition: LF, HF and LF/HF. This program is
able to identify occasional ectopic beats (irregularities
in heart rhythm involving extra systoles and consecutive
compensatory pause) and to replace these with interpolated
adjacent R–R interval values (Wazen et al., 2018). Power
Spectral Density is calculated using autoregressive
modeling, and the spectral power in the selected area is
calculated over various frequency bands: - total power
(ms2): total spectral power over frequencies between
DC (average value) and 0.40 Hz; VLF (ms2): spectral
power of the R-R intervals in the selected area in the
Very Low-Frequency range between DC and 0.040 Hz;
LF (ms2): Spectral power in the Low-Frequency range
between 0.04 and 0.15 Hz; HF (ms2): Spectral power in
the High-Frequency range between 0.15 and 0.40 Hz.
This frequency band usually includes the respiratory
frequency; LF/HF (%): Relation of low-frequency power
to high-frequency power (Polar, 2018).

Statistical analysis
The ANOVA test followed by Tukey’s post-test
at a 5% significance level (p < 0.05) were used for
statistical assessment. The INSTAT3 software was used
for statistical analysis.

Results
The sample consisted of 28 healthy male volunteers
divided into the two following groups: NAMG and
AMG (Table 1).
Tables 2 and 3 shows the data on HRV and BP in
the NAMG an AMG groups at rest, intervention and
recovery phases.

Table 1. Characterization of sample groups and anthropometric data of volunteers (mean and standard deviation).

Non-Athlete Men Group
Number
Gender
Age
Height (cm)
Weight (kg)
Body Mass Index (kg/m2)
Physical activity

15
Men
31.6 ± 2.5
177.1 ± 4.7
81.2 ± 7.7
25.8 ± 1.9
Non-athletes

Athlete Men Group
13
Men
31.3 ± 2.5
177.5 ± 4.9
67.9 ± 5.8
21.5 ± 0.8
Athletes*

*Triathlon athletes.

Table 2. Mean values, standard error of LF (low frequency), HF (high frequency), LF/HF (LF/HF ratio), SBP (systolic blood pressure) and DBP
(diastolic blood pressure) at rest, intervention and recovery phases in the Non-Athlete Men Group (NAMG).

Group NAMG

Rest

Intervention

Recovery

LF (ms )
HF (ms2)
LF/HF (%)
SBP (mmHg)
DBP (mmHg)

1363.5 ± 378.6
842.52 ± 174.7
1.5 ± 0.13
129 ± 2.9
83 ± 0.9

2896.8* ± 813.6
468.23* ± 128.9
8.0* ± 1.9
141* ± 2.9
86 ± 1.3

1808.6# ± 416.3
629.66 ± 150.9
3.5# ± 0.7
121# ± 3.1
78*# ± 1.7

2

* Significant difference compared to the rest phase (p<0.05); # Significant difference compared to the intervention phase (p<0.05).
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Table 3. Mean values followed by standard error of LF (low frequency), HF (high frequency), LF/HF (LF/HF ratio), SBP (systolic blood pressure)
and DBP (diastolic blood pressure) at rest, intervention and recovery phases in the Athlete Men Group (AMG).

Group AMG

Rest

Intervention

LF (ms2)
HF (ms2)
LF/HF (%)
SBP (mmHg)
DBP (mmHg)

1064.0 ± 140.8
868.81 ± 122.1
1.3 ± 0.2
124 ± 3.6
79 ± 1.9

2554.0* ± 459.5
460.80* ± 94.1
10.4* ± 3.2
138* ± 3.2
82 ± 6.6

Recovery
1845.3*# ± 344.1
534.57* ± 66.8
4.2# ± 0.9
126# ± 3.1
80 ± 1.6

* Significant difference compared to the rest phase (p<0.05); # Significant difference compared to the intervention phase (p<0.05).

Comparing the LF waves in the NAMG and AMG
groups between all phases, we noticed a significant
increase in the intervention phase when compared to
the rest phase, while there was a statistically significant
decrease between intervention and recovery phases.
In addition, in the AMG group noted increase in the rest
phase when compared to the recovery phase.
In the HF waves, we noted a statistically significant
decrease when compared with the intervention and rest
phase in both groups. The same occurred when the HF
values of the recovery phase were compared to the rest
phase, however, only in the AMG group.
As for the LF/HF ratio, a significant increase in
the intervention phase was found when compared to
the rest phase, while a statistically significant decrease
occurred between the intervention and recovery phases
in the NAMG e AMG groups.
In the NAMG group, in the analysis of systolic
blood pressure (SBP), we found a significant increase
in the intervention phase when compared to the rest
phase. However, when comparing intervention and
recovery phases, no statistically significant reduction
in SBP was found. When comparing the diastolic
blood pressure values (DBP), a statistically significant
reduction was observed in the recovery phase when
compared to the rest phase. The same was observed
when the recovery phase was compared to the
intervention phase.
When comparing the SBP values in the AMG
analysis, a significant increase was found when the
intervention phase was compared to the rest phase. As for
the intervention and recovery phase, no statistically
significant decrease was found in SBP. As for DBP, no
significant difference was found at the different phases
of the procedure.
Figure 1 shows the data in percentage related to the
sympathovagal balance and LF/HF ratio in the groups.
A significant increase was found when the intervention
phase was compared to the rest phase, while a statistically
significant decrease was found between intervention
and recovery phases. Among the groups there was no
difference.

Figure 1. Mean values in percentage of sympathovagal balance (LF/HF)
at rest, intervention and recovery phases in the groups. *Significant
difference compared to the rest phase (p < 0.05); #Significant difference
compared to the intervention phase (p < 0.05).

Discussion
In the present study we found that ANS activation
occurred after the application of the sympathetic slump
technique in both study groups, a fact that is characterized
by the increase in DBP, LF, LF/HF ratio and decrease
in HF during the intervention phase.
In the literature, several studies have been conducted
to analyze the effect of neural and spinal mobilization
on the peripheral sympathetic nervous system and only
a few analyze the central effect. After the application
of the cervical lateral glide technique, Vicenzino et al.
(1998) observed central sympathetic activation due to
changes in the cardiovascular and respiratory system.
These findings were also found by McGuiness et al.
(1997) during the application of P-A spinal mobilization,
corroborating the findings of the present study. However,
no studies have compared the main effects in volunteers
with different cardiovascular conditioning, that is, in
athletes and sedentary individuals, since the autonomic
regulation response is different depending on sport
practice. According to Raczak et al. (2006), the chronic
effect obtained by regular physical exercise improves
autonomic modulation of the cardiovascular system by
increasing heart rate variability and promoting greater
vagal predominance.
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With regard to the peripheral effect, Petersen et al.
(1993) conducted studies by applying a P-A central
mobilization on C5 (5th cervical vertebra); Cleland et al.
(2002), Slater et al. (1994) applied NMSS; Sterling et al.
(2001) applied the P-A lateral glide technique on C5/C6
(5th and 6th cervical vertebrae); Perry and Green (2008)
used the left unilateral P-A mobilization on L4/L5
(4th and 5th lumbar vertebra) and Jowsey and Perry (2010)
mobilized the T4 vertebra (fourth thoracic vertebra)
in P-A. After the application of the technique, all the
above-mentioned studies found effects of sudomotor
and/or vasomotor peripheral sympathetic activation
when compared with the control group. With regard to
mobilization, changes in rhythm oscillation and time may
interfere with the response intensity of ANS, in which an
increase in the frequency of oscillation and application
time can cause increased autonomic response (Chiu and
Wright, 1996; Vicenzino et al., 1994).
As for the results obtained in our study on sympathetic
and parasympathetic variation at rest, intervention
(application of the NMSS technique) and recovery phases,
our findings corroborate Silveira et al. (2012) that indicate
that the mechanisms that control the responses of HR
are influenced by the sympathetic and parasympathetic
branch of the autonomic nervous system and there is
a predominance of the parasympathetic branch at rest,
whereas with increasing exercise intensity it is inhibited,
becoming reduced and returning to the rates before
exercise, close to those observed at rest. According to
the author, at the initial moment of the exercise, HF
increases in response to vagal inhibition reflex and a
joint action of the ANS branches occurs in the recovery
phase in the search for sympathovagal balance. In the
present study, we found that there is a predominance of
the parasympathetic branch in the two groups assessed at
rest. However, with the application of NMSS technique,
there is an increase in sympathetic activity and a
tendency to return to rest levels after the application
of the technique (recovery phase). By contrast, the LF
waves, an indicator of sympathetic activation, reduced
at the rest phase in the NAMG and AMG groups, rose
during the application of NMSS technique, and quickly
reduced in the recovery phase.
Slater et al. (1994) found increased sympathetic
activity in asymptomatic individuals when assessing
the increase in skin conductivity and reduction in skin
temperature after the application of the sympathetic slump,
corroborating the findings of sympathetic activation in
the present study.
A valid hypothesis is that the sympathetic effect of
the NMSS technique may be related to the inclinations
associated with the slump position. Shacklock (2007),
describing studies conducted by Alf Breig, explains
that the flexion caused by the seated position (slump),
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lateral flexion and contralateral rotation impose great
strain on the nervous system due to joint mobilization
and the slump test. Kingston et al. (2014) reported in a
systematic review of studies that there is a sympathetic
excitatory response to spinal mobilizations on the spine
irrespective of the mobilized segment.
In another study, Cleland and McRae (2002) showed
the effectiveness of the NMSS technique for pain control
but assessed sympathetic activation for vasomotor and
sudomotor changes. According to Lovick (1991), one of
the analgesic possibilities of the technique is based on
anatomical location; analgesia would be performed by
co-activation of spinal neurons leading to inhibition of
sensory neurons (nociceptive afferents) and facilitation
of sympathetic neural activation. Another theory for
analgesia found and cited by some authors is the
stimulation of the dorsal periaqueductal gray matter with
norepinephrine as a neurotransmitter that is released
when there is sympathetic stimulation, which was found
in our study after applying the technique (Evans, 2002;
Lovick, 1985).
With regard to the findings of SBP and DBP, an increase
in these parameters was found in both groups during the
application of the technique. This finding is pointed out
in the systematic review study by Kingston et al. (2014)
who affirm that there is positive sympathoexcitatory
response in skin conductance, respiratory rate, blood
pressure and heart rate irrespective of mobilized segments.
As for physical activity, at any intensity, Middleton
and De Vito (2005) suggests that this can significantly
influence the action/activity of ANS. In fact, it was
evident in our study because the HRV was higher during
NMSS in the AMG group than the one observed in the
NAMG group. These results are in agreement with those
of Kawaguchi et al. (2007) and Vanderlei et al. (2009),
who reported in their studies that physical training
increases physiological capacity of the cardiovascular
system. These findings can be observed due to the
higher HRV readings; the higher the HRV, the better
is the adaptation to changes and/or stimuli from the
external environment.
When we compared the SBP and DBP values
between the groups, we found that these parameters
varied greatly in athletes when comparing the rest
phase and recovery. The same was not observed for the
non‑athlete volunteers, suggesting that these individuals
need more time to adapt to the applied stimulus.
These results corroborate Laterza et al. (2007) and
Vanderlei et al. (2009), who reported that PA variation
can serve as an important health parameter as well as
an indicator of physical conditioning of the individual.
In non‑sedentary individuals the variation between
rest and after stimulation were closer, showing better
adaptation to the stimulus, while variation between rest
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and after stimulation in sedentary individuals was farther
apart, revealing slower/less efficient adaptation. These
results suggest that baroreflex sensitivity is a variable
that is effectively influenced by physical training, being
able to differentiate precisely the physical conditioning
of individuals.
If the ANS can influence the cardiovascular system
by increasing HR and BP (Alla et al., 2000; Polito and
Farinatti, 2003), people with cardiovascular changes
may be at risk if the NMSS technique is applied due
to an increase in sympathetic activation was found in
all groups.
It may be concluded that the neural mobilization
technique on the sympathetic slump (NMSS) significantly
influences the ANS action/activity. There is predominant
sympathetic activation during the application of the
technique, which could be observed by the increase in the
SBP values, LF, ratio LF/HF and reduction in HF values.
However, in the AMG group during recovery, the
SBP values returned to initial values more quickly.
Moreover, the DBP levels showed no change, suggesting
that the greater the fitness of the patient, the better is ANS
adaptation when implementing the NMSS technique. It is
worth noting that patients with cardiovascular disorders
may be at risk if the NMSS technique is applied, since
there was an increase in SBP and sympathetic activation
during its application in all groups. Therefore, further
studies should be conducted to confirm our hypothesis.
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