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Fibromyalgia (FM) has been associated with cardiac autonomic abnormalities and pain. Heart rate variability (HRV) is reduced in
FM with autonomic tone dominated by sympathetic activity. The purpose of this study was to evaluate the effects of one session
of a posteroanterior glide technique on both autonomic modulation and pain in woman with FM. This was a controlled trial with
immediate followup; twenty premenopausal women were allocated into 2 groups: (i) women diagnosed with FM (𝑛 = 10) and (ii)
healthywomen (𝑛 = 10). Both groups received one session ofMaitlandmobilization grade III posteroanterior central pressure glide,
at 2Hz for 60 s at each vertebral segment. Autonomic modulation was assessed by HRV and pain by a numeric pain scale before
and after the intervention. For HRV analyses, heart rate and RR intervals were recorded for 10 minutes. FM subjects demonstrated
reduced HRV compared to controls. Although the mobilization technique did not significantly reduce pain, it was able to improve
HRVquantified by an increase in rMSSDand SD1 indices, reflecting an improved autonomic profile through increased vagal activity.
In conclusion,womenwith FMpresentedwith impaired cardiac autonomicmodulation.One session ofMaitland spinemobilization
was able to acutely improve HRV.

1. Introduction

Fibromyalgia (FM) is a chronic disorder, which is accompa-
nied bymyriad of symptoms such as pain, fatigue, depression,
insomnia, and reduced cognitive performance [1]. Chronic
fatigue and pain syndromes may precipitate increased sym-
pathetic nervous system activity [2–7]. Specific to the current
study, although the exact cause of FM is unknown, some stud-
ies suggest autonomic imbalance mechanistically contributes
to the symptoms [8, 9].

The autonomic imbalance for FM is characterized by
sympathetic hyperactivity at rest and an inability to appro-
priately respond to physiological stressors [4, 5, 9, 10]. Sym-
pathetic hyperactivity may also be responsible for frequent
complaints of cold extremities. Interestingly, a correlation be-
tween autonomic dysfunction and symptom severity or qual-
ity of life has been previously described [11]. Heart rate vari-
ability (HRV) has been used to investigate cardiovascular
autonomic modulation as a simple, sensitive, and noninva-
sive tool [12]. Given the link between abnormal ratios of
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sympathovagal balance in patients with FM, HRV analysis at
rest as well as posttherapeutic interventions may prove to be
valuable.

Several therapy strategies [13] have been applied to FM
patientswith the intention ofminimizing the cascade of phys-
ically debilitating symptoms. Although there is no consensus,
it seems that manual techniques improve quality of life and
symptomatology [14]. In a recent study, manual therapy was
effective in improving pain intensity, widespread pressure
pain sensitivity, impact of FM symptoms on a given patient,
sleep quality, and depressive symptoms [15]. The Maitland
mobilization is a well-established manual technique that has
been applied to a number of musculoskeletal disorders [16].

In relation to HRV, Buttagat et al. [17] demonstrated that
manual therapy is effective in increasing cardiac parasympa-
thetic activity, reducing sympathetic activity, and reducing
pain and stress in patients with back pain associated with
myofascial trigger points. Other authors [18] observed that
myofascial trigger-point therapy to the head, neck, and shoul-
der areas is effective in increasing cardiac parasympathetic
activity and improving measures of relaxation.

However, there is no evidence that the Maitland mobi-
lization, focused on mobilizing the thoracic spine, improves
autonomic function andpain in FM.Theaimof this studywas
to evaluate the effects of a posteroanterior glide mobilization
technique on both HRV and pain. We hypothesize that one
session of this manual intervention improves both HRV and
pain in woman with FM.

2. Methods

2.1. Design and Study Population. This was a controlled trial
with immediate followup enrolling twenty women. Inclusion
criteria were as follows: (1) being in the premenopausal phase
and (2) no present history of smoking, lung disease, hyper-
tension, diabetes, hypothyroidism, coronary insufficiency, or
other relevant clinical conditions known to affect autonomic
control of heart rate, including inflammatory and autoim-
mune disorders. To the FM group (𝑛 = 10), the patients were
diagnosed with FM by clinicians according to the criteria of
the American College of Rheumatology [19]; and the con-
trol group (𝑛 = 10) was composed of apparently healthy
women without FM. All subjects were submitted to the fol-
lowing: (1) a clinical assessment (current and past clinical his-
tory, family background, lifestyle habits, and physical exam)
and (2) physiotherapeutic assessment (postural assessment
and muscle tests). The volunteers were informed of exper-
imental procedures and signed an informed consent form
before taking part in the study, which was approved by the
Ethics Committee of the Federal University of Sao Carlos
(109/2006).

2.2. Experimental Procedure. Data collection was carried out
in an air-conditioned laboratory with a 22∘C to 24∘C tem-
perature and a 50 to 60 percent relative humidity between
8 a.m. and 12 p.m. The subjects were familiarized with the
experimental environment and research personnel. The vol-
unteers were instructed to avoid caffeinated beverages; not

to perform physical exercise 24 hours prior to evaluation;
have a light meal the morning of data collection; and have an
adequate period of sleep the night before (at least 8 hours).

A posteroanterior glide mobilization technique was per-
formed as previously described [20]. The women were in-
structed to remain in the prone position and an experienced
physiotherapist administered the Grade III posteroanterior
central pressure glide (III-PAC) at 2Hz for 60 s at each ver-
tebral segment. Specifically, this manual mobilization was ap-
plied between T1 and T12 vertebral structures, corresponding
to the thoracic sympathetic preganglionic neurons.The inter-
vention was performed in the control group and FM group
by the same physiotherapist that was blinded to each subject’s
group assignment.

2.3. Pain Assessment. Pain was assessed with the numeric
pain scale (NPS), which assesses the pain intensity and degree
of relief experienced by the patient following an intervention
(score of 0 = no pain; 10 = unbearable pain) [21].

2.4. Heart Rate and RR Interval Data Acquisition. Heart rate
and RR intervals (RRi) were registered beat-to-beat, through
a heart rate monitor (Polar S810i) with a 1,000Hz sampling
frequency, fastened by an elastic band to the lower third of
the sternum, providing simultaneous transmission to a watch
where the data were stored. Afterwards, through a serial port
interface and an infrared sensor, data was transported and
stored in a personal computer to be analyzed.This assessment
was performed at rest in the supine position for 10min before
and after the posteroanterior glide technique. During the
data acquisition, the volunteers were instructed to maintain
spontaneous breathing to ensure eupneic conditions (the res-
piratory frequency was monitored). The protocol transition
points were also accurately marked to allow for an adequate
data analysis.

2.5. Signal Processing and HRV Analysis. After acquisition,
the signals were transferred to the Polar Precision Perfor-
mance Software and the section of highest stability for RRi,
which included a simple line comprised of at least 256 points,
was selected by visual inspection according to the crite-
rion set forth by the Task Force of European Society of Car-
diology and the North American Society of Pacing and Elec-
trophysiology [12]. The data were entered into the Kubios
HRV Analysis software (MATLAB, version 2 beta, Kuopio,
Finland).

Heart rate variability was analyzed by mathematical and
statisticalmodels in time and frequency domains and by non-
linear models [19]. In the time domain, the mean RRi, which
is all the cyclic components responsible for variability during
the recording period and is an estimate of overall HRV, and
root mean square of the squares of the differences between
successive RRi (rMSSD), in ms, representative of parasympa-
thetic activity, were analyzed.The frequency domain analysis
utilized the fast Fourier transform (FFT) on the time series.
The application of this algorithm permitted the identification
of the power spectral density (PSD) as well as its frequency
bands: low frequency (LF) and high frequency (HF), both in
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Table 1: Demographic, anthropometric, clinical, and medication use data in both groups.

Fibromyalgia (𝑛 = 10) Control (𝑛 = 10) 𝑃

Age, years 52 ± 10 45 ± 9 0.109
Weight, kg 62 ± 9.9 57 ± 6.0 0.321
Height, cm 157 ± 5.0 163 ± 6.0 0.122
Body mass index, kg/m2 23.1 ± 3.2 22.6 ± 2.5 0.119
Antidepressant use, % 90 0 <0.001
Anxyolitic use, % 70 0 <0.001
Analgesic use, % 60 0 <0.001
Opiate use, % 10 0 <0.001
Data are presented as mean ± SD or %.

normalized units (nu). Two frequency bands that best repre-
sent vagal and sympathetic activities of HR control were used
in this study. The LF (0.04 to 0.15Hz) has been attributed to
a mixture of sympathetic and parasympathetic modulation,
with sympathetic predominance, as well as baroreflex activity.
On the other hand, the HF (0.15 to 0.4) has been attributed to
parasympathetic activity [12].

For nonlinear analysis, we used Poincaré plot measure
indices SD1 and SD2 (the standard derivation of the Poincaré
plot perpendicular and along the line of identity, resp.) rep-
resentative of parasympathetic autonomic activity and total
HRV, respectively [22]. Detrended fluctuation analysis (DFA)
was also carried out using DFA𝛼1 (short-term correlation
properties of RRi) andDFA𝛼2 (long-term correlation proper-
ties of RRi) indices. The technique of the analyses, previously
developed by Peng et al. [22], quantifies the presence or
absence of fractal-like correlation properties in biological
times series andhas been used to evaluate the risk ofmortality
in various groups, given it is a predictor of benign and malig-
nant arrhythmias, sudden cardiac death, and total mortality
in patients with reduced left ventricle ejection fraction, acute
myocardial infarction, and other cardiovascular diseases [22].

2.6. Statistical Analysis. Sample size was determined a priori
using G∗Power (version 3.1.3; University of Trier, Trier, Ger-
many) with the level of significance set at 𝑃 = 0.05 and power
(1 − 𝛽) = 0.95 in order to detect a large effect (𝑓2 > 0.47).
We conducted a pilot study with 5 participants to evaluate the
effect size for the main dependent variable (rMSSD). Based
on these a priori calculations and the pilot study, we set the
final sample size at 𝑛 = 20 (10 per group). For continuous
data, parametric statistical tests were used given data pre-
sented with a normal distribution (Shapiro-Wilk test) and
homogenous variances (Levene’s test). For demographic and
clinical variables, was performed unpaired 𝑡 test. The two-
way analysis of variance (ANOVA) assessed the group effect
(control versus FM), mobilization effect, and interaction be-
tween them. Then, Bonferroni post-hoc was performed to
identify differences. All analyses were carried out in SPSS
software Release 10.0.1 (Chicago, IL) and all statistical tests
with a 𝑃 < 0.05 were considered significant.

3. Results

Table 1 lists demographic, anthropometric, clinical character-
istics and medication use data for the cohort assessed. We
did not observe significant differences between age, weight,
height, and bodymass index. All womenwith FMweremedi-
cated to manage mood, anxiety, and pain (Table 1).

Table 2 lists HRV indices of the FM and control groups at
rest and after the posteroanterior glide mobilization.The FM
group presented with significantly lower rMSSD (𝐹 = 11.107;
𝑃 = 0.003), HF (nu) (𝐹 = 2.386; 𝑃 = 0.036), and SD1 (𝐹 =
10.410; 𝑃 = 0.003) values compared to control at rest. Com-
plementarily, LF (nu) (𝐹 = 2.836; 𝑃 = 0.016), DFA𝛼1 (𝐹 =
3.151; 𝑃 = 0.088), and DFA𝛼2 (𝐹 = 5.476; 𝑃 = 0.026) were
higher in the FM group compared to control. After the man-
ual intervention, rMSSD (𝐹 = 8.344;𝑃 = 0.035) and SD1 (𝐹 =
0.076; 𝑃 = 0.003) indices were significantly higher when
compared to baseline only in the FM group. We did not ob-
serve significant changes in perceived pain following manual
therapy in the FM group. Figure 1 shows the SD1 and SD2
indices of two women: one of them with FM group and the
other in the control group.

4. Discussion

To our knowledge, this was the first study to demonstrate the
effect of a posteroanterior glide mobilization technique (III-
PAC) to the thoracic spine on autonomic modulation in pa-
tients with FM.

The main finding of our study was that patients with FM
presented important deleterious alterations in HRV at rest
suggesting increased sympathetic and decreased parasympa-
thetic activity. Additionally, although manual manipulation
did not significantly reduce pain, it was able to significantly
improve HRV, as demonstrated by an increase in the rMSSD
and SD1 indices (representative of parasympathetic modula-
tion).

Previous studies have shown that FM may be related to
changes in autonomic tone, shifting toward an increase in
sympathetic activity. Moreover, it has been proposed that
dysautonomia is involved in the pathogenesis of FM, which
could serve as a mechanism for some of the signs and symp-
toms associated with this condition [8, 10, 23, 24].
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Table 2: Pain assessment and linear and nonlinear indices of heart rate variability before and after posteroanterior glide mobilization.

Fibromyalgia Control 𝑃 values
Before After Before After D M I

Pain score 6 ± 1 4 ± 1 — — — — —
HRV indices

HR, bpm 81 ± 10 77 ± 9 73 ± 9 69 ± 7 ns ns ns
iRR, ms 733.5 ± 99.6 749.3 ± 74.6 823.9 ± 99.5 875.6 ± 92.6 ns <0.05 ns
rMSSD, ms 12.9 ± 6.7 26.3 ± 13.6† 34.7 ± 19.0‡ 37.8 ± 18.7 <0.05 <0.05 ns
SDNN, ms 22.9 ± 13.7 26.3 ± 13.6 40.8 ± 20.0 44.5 ± 15.2 ns ns ns
LF, nu 68.6 ± 14.5 51.9 ± 16.9 47.5 ± 8.3‡ 45.7 ± 13.9 <0.05 ns ns
HF, nu 31.4 ± 14.5 48.1 ± 16.9 52.4 ± 8.3‡ 54.2 ± 13.9 <0.05 ns ns
LF/HF 3.2 ± 3.0 1.4 ± 1.4 0.5 ± 0.3 0.9 ± 0.6 ns ns ns
SD1, ms 9.19 ± 4.7 11.0 ± 5.3† 24.2 ± 14.0‡ 26.7 ± 13.2 <0.05 <0.05 ns
SD2, ms 31.0 ± 18.9 35.3 ± 19.1 52.3 ± 26.3 56.9 ± 17.9 ns ns ns
DFA𝛼1 1.2 ± 0.1 1.1 ± 0.1 1.0 ± 0.1

‡

0.95 ± 0.2 <0.05 ns <0.05
DFA𝛼2 1.0 ± 0.1 0.9 ± 0.1 0.71 ± 0.2‡ 0.93 ± 0.2 <0.05 ns <0.05

Data are presented as mean ± standard deviation. Two-way ANOVA test with Bonferroni post-hoc test. D: disease effect; M: mobilization effect; I: interaction;
ns: nonsignificant. †𝑃 < 0.05: before versus after posteroanterior glide technique; ‡𝑃 < 0.05: fibromyalgia versus control.
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Figure 1: Visual differences in Poincare plot of two women at rest after posteroanterior glide technique mobilization. (a) Healthy woman and
(b) woman with fibromyalgia.

The present study also demonstrates that patients with
FM have increased sympathetic activity and decreased activ-
ity in the vagal control of HR, demonstrated by linear and
nonlinear HRV indices. This sympathetic excitation could
contribute to the diffuse pain and tenderness at specific points
experienced by patients with FM.

In this context, several interventions have been proposed
to minimize the deleterious signs and symptoms caused by
FM. Kingsley et al. [25] assessed the acute effects of strength-
ening exercises on HRV of FM patients and demonstrated
lower sympathetic and higher vagal modulation compared
to controls after training. Gamber et al. [26] applied chronic
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osteopathic manipulation in female patients with FM. These
patients received craniosacralmanipulation for 23 weeks, one
treatment for week, for 15 to 30 minutes per session. The au-
thors emphasized that osteopathic manipulation was able to
raise pain thresholds, improve comfort levels, effect compo-
nents related to chronic illness, and increase perceived func-
tional capacity. Castro-Sánchez et al. [27] demonstrated that
massage-myofascial release therapy reduces the sensitivity to
pain at tender points in patients with FM, improving their
pain perception.

Our findings showed that the employed posteroanterior
glide technique did not reduce pain. A previous study dem-
onstrated that manual therapy protocol was effective in im-
proving pain intensity [15]. However, the interventionwas ap-
plied over 5 sessions and the current study assessed the acute
effect of a single session on pain, which could help to explain
differences in our findings.

However, the potentially significant impact of our find-
ings is the demonstration that only one session of thismanual
intervention to the thoracic spine was able to modify HRV in
women with FM. Considering that there is a correlation be-
tween autonomic dysfunction and symptom severity or qual-
ity of life [11], these results may represent clinical benefits to
patients who suffer from this condition.

In the current investigation, this mobilization technique
was performed to each thoracic spine segment, which has an
anatomic relationship with the sympathetic chain ganglia.
Some studies have shown that spinal manipulation is able
to modulate autonomic nervous activity [28, 29]. Yates et al.
[19] examined the effect of chiropractic manipulation to T1–
T5 spine segments in patients with arterial hypertension. Im-
mediately after the intervention, they observed a reduction
in systolic and diastolic blood pressure and anxiety level. A
separate case study showed the effects of 10 sessions of chi-
ropractic manipulation (2 sessions per week) applied
throughout the spine (C3 to L5) for 6 weeks. After the first
session, therewas a reduction in sympathetic activity asmeas-
ured in the band reflecting parasympathetic tone [30].

Interestingly, it was clearly demonstrated in the cur-
rent investigation that both SD1 and rMSSD significantly
increased after one session of manual mobilization in the FM
group, which reflects increased parasympathetic activity
(Beckers et al., 2006) [31]. The higher vagal activity is an im-
portant finding because it may contribute to improvement in
vagal-sympathetic balance. Given these findings, it is plau-
sible to hypothesize that the posteroanterior glide technique
utilized in the current study may significantly contribute to
reducing the debilitating signs and symptoms of FM, improve
quality of life, and reduce cardiovascular risk when applied
for more than one session.

It is important to recognize a study limitation regarding
the acute effect of manual mobilization on pain andHRV and
only assessing the outcomes of a single session in FMsubjects.
Future studies are needed to evaluate the linkage between this
and other manual therapy techniques on pain control and
autonomic function in patients with FM over multiple treat-
ment sessions. Follow-up studies are also necessary to con-
firm the long-term effect of spine manual mobilization in FM
in order to elucidate the effects after intervention, that is, to

observe whether the short-term effects have an accumulative
or permanent influence after repeated application in patients
with FM. Lastly, patients with FM oftentimes take medica-
tions with potential effects on the autonomic nervous system
that were not considered in this study. These aspects deserve
to be considered in future research.

5. Conclusion

In conclusion, the current study observed that women with
FM present with altered HRV indices reflecting sympathetic
hyperactivity at rest. Additionally, after FM subjects under-
went one session of a posteroanterior glidemobilization tech-
nique to the thoracic spine, we observed a significant increase
in rMSSD and SD1 indices, reflecting an improved autonomic
profile through increased vagal activity.
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