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ABSTRACT
Introduction: there are few studies that propose to identify the relationship of Vertebral Manipulation (VM) on pain and cardiac 
autonomic modulation, especially in subjects with rotator cuff injury. Objective: To analyze the effect of chest VM on the pain and 
cardiac autonomic modulation in patients with rotator cuff (RC). Method: quasi-experimental study with a quantitative approach. 
Sample of 6 subjects divided into two groups: Asymptomatic Group (AG, n = 3) not presenting shoulder injury and pain complaints and 
Symptomatic Group (SG, n = 3), with rotator cuff injury. Pain assessment was performed by Visual Analog Scale (VAS) before and after 
handling, as well as the assessment of Heart Rate Variability (HRV) using an electrocardiogram (ECG) with 8 minutes of duration. Chest 
VM was held on 4th and 5th thoracic vertebra. The analysis of HRV was performed in the Frequency Domain (VLF-very low frequency, 
LF-low frequency, HF-high frequency, LF/HF-ratio between low and high frequency). The statistical analysis used the Wilcoxon test 
for comparison in the same group and the Mann Whitney test for comparison between groups, adopting a 5% significance (p <0.05). 
Results: There was a reduction of post handling pain, but no statistically significant difference in SG (p=0.317). In HRV the AG showed 
a decrease VLF (p=0.83) and increased LF (p=0.51), HF (p=0.83) and LF/HF (p=0.51) variables. In the SG, there was an increase in VLF 
(p=0.83), LF (p=0.83), HF (p=0.51) variables and a decrease in LF/HF (p=0.51) variable. Conclusion: The upper thoracic VM had no effect 
on the pain and cardiac autonomic modulation in patients with rotator cuff (RC). 
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INTRODUCTION
The most frequent cause of shoulder pain is rotator cuff 

injury, which can affect individuals in any age group, being 
potentiated with aging and labor or recreational occupation(1). 
The tendinopathy by this injury may include partial and/or 
complete tendinopathy of the supraspinatus, infra-spinous 
and/or subscapularis tendon and may be associated with 
tendinopathy in the tendon of the long head of the biceps(2).

The patient with rotator cuff tendinopathy (RCT) usually 
presents reduced shoulder function and may be accompanied 
by night and resting pain and painful range of motion(3,4). 
Conservative treatment is initially recommended for the 
treatment of RCT. In this context, some studies have proposed 
as treatment for shoulder pain the thoracic vertebral 
manipulation obtaining clinically positive results for pain and 
functionality of this joint (5-7).

The mechanism of action of the vertebral manipulation 
(VM) is not well defined in the literature. However, some 
authors argue that the VM may stimulate the sympathetic and 

parasympathetic centers in order to influence the Autonomic 
Nervous System (ANS) and, consequently, the autonomic 
modulation(8,9), which may be altered in people who have some 
dysfunction and / or pain(10,11).

One of the measures to verify the autonomic modulation 
is through the Heart Rate Variability (HRV) measured by the 
electrocardiogram (ECG). This corresponds to the change in 
the interval or distance between one heart beat and the next 
one, providing the balance between the sympathetic and 
parasympathetic system (12).

Based on the above, this study aims to investigate the effect 
of thoracic VM on pain and autonomic cardiac modulation in 
individuals with RCT.

METHOD
It is a quasi-experimental pilot study with a quantitative 

approach. The research was approved by the Ethics and Research 
Committee on Human Beings of the “Universidade do Estado 
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de Santa Catarina” (UDESC) under the Ethical Appreciation 
Certificate (CAAE) number 37088014.0.0000.0118. All subjects 
signed the Free and Informed Consent Form to participate in 
the study.

The subjects were divided into two groups: Asymptomatic 
Group (AG), without lesion and painful complaint in the 
shoulder and Symptomatic Group (OS) presenting pain and 
rotator cuff lesion.

The process of selection of the participants was intentional, 
with SG inclusion criteria: individuals with rotator cuff 
tendinopathy of both genders, aged between 20 and 70 years, 
presenting pain for at least 6 months, who accepted to be 
submitted to kinetic-functional evaluation, to present a 
medical diagnosis and/or image of rotator cuff lesion, not 
to be in physiotherapeutic treatment and not to be using 
anti-inflammatory drugs and beta-blockers for at least 
1 month. For GA, the same criteria were adopted, but with 
no lesion in the shoulder and pain.

The exclusion criteria considered participants with complete 
rotator cuff lesion who underwent surgical intervention on the 
shoulders, presented absolute contraindication for vertebral 
manipulation (fractures, severe osteoporosis, malignancy, 
circulatory disorders such as aneurysms, anti-coagulant 
therapy, atherosclerosis, rheumatoid arthritis (acute phase), 
spondylolisthesis, vertebral dislocation), painful spinal 
complaints (chest region), history of surgery or trauma in the 
spine, pregnant women, history of cancer, neurological disease 
and visual and/or auditory.

Initially, an anamnesis record was made up using the 
identification data of each participant and questions pertinent 
to the research, such as age, gender, shoulder that presented 
the lesion among others. Subsequently, the kinetic-functional 
evaluation was performed by a physiotherapist with 5 years 
of experience in the area to prove the lesion in question. 
This assessment consisted of five clinical trials, in which the 
individuals should present at least three with positive results, 
thus indicating signs of rotator cuff injury(13). The tests were: 
(1) Positive Hawkins test; (2) Positive Neer test; (3) Pain during 
active elevation less than 60 degrees on the scapula plane or 
the sagittal planel; (4) Positive Jobe Test; (5) Pain or weakness 
with resisted external rotation of the shoulder with the arm 
at the side of the body.

Subsequently, the participants were assessed for pain 
through the Visual Analogue Scale (VAS) before and after 
manipulation. VAS consists of a scale for assessing the level of 
pain. In this scale, there is a horizontal line of 10 cm with the 
number 0 (zero) marked at the left of the line and number 10 
(ten) marked at the right of the same line, and 0 corresponding 
to no pain and 10 to maximum pain(14). Thus, the individuals 
made a mark in the line to demarcate the level of pain and 
the evaluator measured with a ruler from the mark 0 to the 
trait marked by the subjects. This evaluation was recorded in 
the anamnesis form of each participant.

Afterwards, the evaluation of the autonomic modulation 
by HRV was performed using an electrocardiogram (ECG) 
with duration of 8 minutes before and after manipulation. 
The subjects were placed in dorsal decubitus on a stretcher, 
asking them to remain in rest, immobile, without speaking 
and to maintain the habitual breathing. Three disposable 
ECG electrodes were placed in the thorax of participants in 
lead II. In this way, the first electrode was located on the right 
subclavian space (negative terminal), the 2nd located on the 
8th left intercostal space (positive terminal) and 3º on the 9th 
right intercostal space (reference terminal).

After the first recording, the volunteers positioned 
themselves in the ventral decubitus (VD) to receive the VM. 
The VM was performed on the thoracic spine (4th and 5th 
thoracic vertebrae), using the technique called “Pisiformes 
Cruzados”. The participants were placed in the ventral position 
with the upper limbs along the body. The physiotherapist 
was orthostatic to the right of the participant, at the height 
of the thoracic spine and made contact with the hypothenar 
eminence of the right and left hand in the transverse processes, 
firstly of the 4th thoracic vertebra, keeping the upper limbs 
in extension. The therapist exerted pressure on the vertebra, 
keeping its upper limbs in extension and asked the participant 
to take a deep breath and made an impulse at the end of the 
expiration. The technique was applied perpendicularly and 
parallel to the joint plane (16). After manipulation of the 4th 
thoracic vertebra, the same procedure was performed for 
the manipulation of the 5th thoracic vertebra. Afterwards, 
individuals returned to the initial position and the time of 
1 minute for stabilizing the volunteer’s posture was respected, 
occurring than the second recording of ECG (post-).

The signal capture was carried out through the surface 
electrodes connected to an ECG amplifier using a hardware 
developed by the “Instituto de Engenharia Biomédica da 
Universidade Federal de Santa Catarina”. The acquisition 
software named DATAQ Instruments Hardware Manager was 
used. Thus, data collection was obtained through a cardiac 
monitor and scanned with a 12-bit analog-to-digital converter 
at a sampling frequency of 1000Hz and the resulting signal was 
digitally filtered (range 10 to 40 Hz).

The ECG signals were digitally processed for HRV analysis 
and for the HRV quantification were used linear methods in the 
Frequency Domain (FD). In this one, spectral analysis was used, 
being the Fast-Fourie Transform method used to calculate the 
Spectral Density of Power. The HRV variables were analyzed in 
milliseconds squared (ms2) and to all the variables a logarithmic 
(Log) transformation was applied.

Thus, the variables in the FD verified were: VLF (variability of 
the RR interval in the very low frequency range - with variation 
between 0,003 and 0,04Hz - reflecting the parasympathetic 
activity), LF (variability of the RR intervals in the low frequency 
range - with variation between 0,04 and 0,15 Hz - reflecting 
the predominant manifestation of sympathetic nervous 
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system), HF (variability of the RR interval in the high frequency 
range - with variation between 0,15 and 0,4Hz - reflecting 
the predominant manifestation of parasympathetic SNA) 
and LF / HF (ratio of LF and HF components reflecting the 
sympatho-vagal balance)(15).

Statistical analysis was performed by the software SPSS 
2.0 version. The data normality was tested by Shapiro-Wilk. 
To compare the means (pre versus post) of pain and intra-group 
HRV, was used the Wilcoxon test and for the comparison 
between groups, was used the Mann Whitney test. For all 
tests was considered a significance level of 5%.

RESULTS
The study sample was composed of 6 volunteers: AG n=3 

(1 male and 2 females; mean age of 55,3 years) and SG n=3 
(1 male and 2 females; mean age of 38,6 years).

The mean time that SG presented pain was 4,3 years. 
The mean pain verified by the VAS before the manipulation 
was 4 and after was 3,3, showing no statistically significant 
difference (p=0,317) (Figure 1).

Regarding the HRV in AG after thoracic VM, there was a 
decrease in the VLF variable, and an increase in the LF and HF 
variables, but there was no statistically significant difference 
(Figure 2).

In SG after thoracic VM, there was an increase in VLF, LF and 
HF variables, but there was no significant difference (Figure 3).

The LF/HF ratio between the groups was already different 
in the pre-manipulation condition. The AG presented lower 
value in the pre-manipulation situation in relation to the SG. 
After manipulation, the LF/HF ratio in AG increased, while SG 
decreased, however without significant difference between 
groups and in the same group (Figure 4).

DISCUSSION
The present study, although there was no significant 

difference, showed reduction of pain after thoracic VM. 
This result is in line with another study in which shoulder pain 
was verified in 30 individuals with signs of RCT in pre and post 
thoracic manipulation, as well as the assessment of scapular 
kinematics performed with a three-dimensional apparatus, 
electromyographic analysis of the musculature and shoulder 
function. As a result there was immediate improvement in 
pain after vertebral manipulation and no significant differences 
were found in shoulder kinematics or shoulder muscle activity, 
suggesting that pain reduction could not be explained by these 
factors. The authors also cite as an important limitation of this 
study the inexistence of a placebo group or control group and 
therefore cannot establish a cause and effect relationship (17).

Likewise, the present study did not include a placebo 
group. Therefore, despite the sensation of reduction of the 
painful situation (although without significant difference), the 
possibility of the placebo effect is not ruled out(18), since this 

Figure 1. Assessment of pain before and after thoracic vertebral manipulation in the Symptomatic Group (SG) (values expressed as mean and standard deviation).
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LF sympathetic predominance (15), may be assumed that 
after manipulation there was greater stimulation of the 
parasympathetic system in subjects with RCT.

This result goes to the opposite of the literature, since, in 
theory, a vertebral manipulation in the upper thoracic region 
would result in stimulation of the sympathetic nervous system. 
This effect would occur because the cellular bodies of the 
sympathetic fibers are on the sides of the spinal segments 
T1 to L2. In these regions of the spine, in which sympathetic 
innervation predominates, manipulation in the upper thoracic 
region could result in a sympathetic response (e.g. heart rate 
stimulation, increased blood pressure, and dilated pupils)(21,22), 
and this feature was not present.

Both groups presented increased LF and HF variables after 
thoracic VM, although without significant difference. This same 
autonomic behavior was observed in another study, but with 
a significant alteration, which it verified the effects of thoracic 
VM and a simulated procedure on pre and post HRV, showing 
that manipulation of the thoracic spine was associated to 
changes in HRV that were not observed by the simulated 
procedure. This effect was observed by the low frequency (LF) 
and high frequency (HF) components that increased after the 
manipulation, whereas the subjects submitted to manipulation 
of the simulated thoracic spine did not present statistically 
significant variation(23).

The AG, in comparison to the SG, demonstrated a difference 
in the autonomic behavior only for the VLF variable, presenting 
a decrease after the thoracic VM. As previously mentioned, 
this variable is indicative of parasympathetic activity and can 
suggest(15), therefore, a decrease in parasympathetic nervous 
system after manipulation in these individuals, however, with 
no significance.

Other studies that performed the VM demonstrated a 
significant change in the VLF variable after manipulation, 
however, they were subjects with acute low back pain(12), 
different from the present study in which subjects presented 

is related to the perception that the actual therapy is being 
administered(18-20) presenting benefits.

Regarding HRV in SG, it was possible to notice an 
increase in VLF, HF and LF after thoracic VM, even without 
significant difference. As in the variables VLF and HF there 
is predominance of the parasympathetic activity and in 

Figure 2. Comparison of the parameters of HRV analysis in the Frequency 
Domain (VLF, LF and HF) before and after thoracic vertebral manipulation in the 
Asymptomatic Group (AG) (values expressed in Log of the presented variables). 
VLF (p=0,83); LF (p=0,51); HF (p=0,83); VLF= Variability of RR intervals in the 
very low frequency range; LF= Variability of RR intervals in the low frequency 
range; HF= Variability of RR intervals in the high frequency range.

Figure 3. Comparison of the parameters of HRV analysis in the Frequency 
Domain (VLF, LF and HF) before and after thoracic vertebral manipulation in the 
Symptomatic Group (SG) (values expressed in Log of the presented variables). 
VLF (p= 0,83); LF (p= 0,83); HF (p= 0,51). VLF= Variability of RR intervals in the 
very low frequency range; LF= Variability of RR intervals in the low frequency 
range; HF= Variability of RR intervals in the high frequency range

Figure 4. Comparison of the LF / HF ratio between the Asymptomatic Group 
(AG) and the Symptomatic Group (SG) before and after thoracic vertebral 
manipulation (values expressed in Log of the presented variables). LF/
HF Assintomático: Asymptomatic LF/HF (p= 0,83); LF/HF Sintomático: 
Symptomatic LF/HF (p= 0,51). Pré: Before; Pós: After; LF/HF= Ratio of low 
frequency and high frequency components.
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chronic pain. In addition, the manipulated region was the 
lumbar region, which also differs from the present study.

Regarding the LF/HF relationship again no significant 
difference was observed, but it was possible to perceive 
between the groups that this was different already in the 
pre-manipulation situation. The AG presented lower value in 
the pre-manipulation situation in relation to the SG and after 
the manipulation, the LF/HF ratio in the AG increased, while 
in the SG it decreased, however without presenting significant 
difference between the groups and in the same group.

The balance between these two systems was the target of 
some studies that used the VM in which was found a difference 
in LF/HF after manipulation(11). However, in some cases this 
was identified in case study that made use of a set of vertebral 
manipulations in the four regions of the spine(24), different from 
the present study that used only one manipulation technique, 
destined to a single vertebral level (T4-T5).

Finally, the fact that the present research is a pilot study, 
we cannot generalize the results found. The data did not show 
statistically significant differences for comparisons between 
groups (AG vs SG) or time (before vs after) for pain and for 
cardiac autonomic modulation most likely due to small sample. 
However, it was possible to observe a trend in SG to show an 
increase in parasympathetic activity after manipulation. In 
this sense, more research is needed to support or refute the 
findings of the study.

CONCLUSION
From the present study, the effect of thoracic VM on the 

pain and autonomic nervous system cannot be observed in the 
individuals investigated with RCT, since the alterations resulting 
from VM found were not statistically significant. Therefore, 
a greater number of participants, the inclusion of a placebo 
group and blind evaluation of the subjects are suggested for 
future studies.
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