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ABSTRACT

Analysis of the beat-to-beat intervals of the heart may be used to 
evaluate the balance between the sympathetic and parasympathetic 
GLYLVLRQV�RI�WKH�DXWRQRPLF�QHUYRXV�V\VWHP��9DULDELOLW\�LQ�KHDUW�UDWH�UHÁHFWV�
the vagal and sympathetic function of the autonomic nervous system, and 
has been used as a monitoring tool in clinical conditions characterized by 
altered autonomic nervous system activity. Spectral analysis of beat-to-
beat variability is a simple, non-invasive technique to evaluate autonomic 
dysfunction.

Vertebral subluxations are changes in the position or motion of a 
vertebra which result in the interference with nerve function. Vertebral 
subluxations may result in altered autonomic nervous system activity. 
Heart rate variability is a reliable and valid tool that may be used to assess 
the changes in autonomic activity associated with the reduction and 
correction of vertebral subluxations. A search of the relevant literature 
addressing heart rate variability and the reduction or correction of 
vertebral subluxation from 2000 to 2017 was conducted, and the results 
summarized.

INTRODUCTION
Heart Rate Variability (HRV) is measurement of the time intervals between adjacent heartbeats [1]. Variability in heart rate 

UHÁHFWV�WKH�YDJDO�DQG�V\PSDWKHWLF�IXQFWLRQ�RI�WKH�DXWRQRPLF�QHUYRXV�V\VWHP��DQG�KDV�EHHQ�XVHG�DV�D�PRQLWRULQJ�WRRO�IRU�FOLQLFDO�
conditions characterized by altered autonomic nervous system function [2]. Spectral analysis of beat to beat variability is a simple, 
noninvasive technique to evaluate autonomic dysfunction [3]. Normative data on heart rate variability have been collected [4-7].

CLINICAL SIGNIFICANCE
Alterations in HRV have been observed in a variety of clinical conditions. Early studies reported that HRV may be useful in 

the assessment of diabetic neuropathy and to predict the risk of arrhythmic events following myocardial infarction [3]. The 
technique has also been used to investigate autonomic changes associated with physical exercise [8], anorexia nervosa [9], 
brain infarction [10], angina [11], and panic disorder [12].

+59�DSSHDUV�WR�KROG�SURPLVH�IRU�DVVHVVLQJ�RYHUDOO�ÀWQHVV��*DOODJKHU�HW�DO��[13] compared age matched groups with different 
OLIHVW\OHV��7KHVH�ZHUH�VPRNHUV��VHGHQWDU\�SHUVRQV��DQG�DHURELFDOO\�ÀW�LQGLYLGXDOV��7KH�DXWKRUV�IRXQG�WKDW�VPRNLQJ�DQG�D�VHGHQWDU\�
OLIHVW\OH�UHGXFHV�YDJDO� WRQH��ZKHUHDV�HQKDQFHG�DHURELF�ÀWQHVV� LQFUHDVHV�YDJDO� WRQH��'L[RQ�HW�DO�� [14] reported that endurance 
WUDLQLQJ�PRGLÀHV�KHDUW�UDWH�FRQWURO�WKURXJK�QHXURFDUGLDF�PHFKDQLVPV�� ,Q�RFFXSDWLRQDO�KHDOWK��WKH�HIIHFWV�RI�YDULRXV�VWUHVVHV�
of the work environment of heart patients and asymptomatic workers may be evaluated using heart rate variability analysis [15].

Recent studies have reported the potential utility of HRV in the evaluation of conditions and states associated with 
autonomic dysregulation. These include carotid intima media thickness [16], prediction of mortality [4], multiple sclerosis [17,18], 
eating behavior [19], burnout and depression [20], chronic posttraumatic stress disorder [21], working memory performance [22], 
dementia [23]��LQÁDPPDWLRQ�LQ�UKHXPDWRLG�DUWKULWLV�[24], insulin resistance and metabolic syndrome [25], type 1 diabetes [26], cardiac 
autonomic nerve function in obese school-age children [27], cancer prognosis [28,29] and cognition [30,31].
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HEART RATE VARIABILITY MEASUREMENT
Heart rate variability data may be collected using an electrocardiogram or plethysmograph. The time between inter-beat 

intervals is measured. Standards of measurement, physiological interpretation, and clinical use have been established [32]. 
Analysis of heart rate variability data includes time domain, frequency domain, sample entropy, and proprietary methods.

Calculations are done on both the ‘time domain’ of the inter-beat interval (IBI) and heart rate, and on the ‘frequency domain’. 
Frequency analysis is done via sophisticated mathematical calculations such as Fast Fourier Transforms (FFTs), which analyze 
the variability of the IBI/heart rate by looking at its frequency. Comparing low frequency to high frequency results show the level 
of sympathetic vs. parasympathetic activity in the autonomic nervous system.

7KH�PHDVXUHPHQWV�XVHG��DQG�WKHLU�VLJQLÀFDQFH��DUH�DV�IROORZV�[1]:

Time Domain 

• Time domain analysis is used to assess autonomic nervous system activity.

• Mean IBI. The mean interval between heartbeats averaged on the entire recording. Measured in milliseconds.

• Mean BPM. The mean heart rate value averaged on the entire recording.

• Standard Deviation of IBI, also known as the SDNN, is the standard deviation of the interbeat intervals, measured in millisec-
onds.

• Root Mean Square Standard Deviation IBI (RMSSD) is the root mean square of successive differences between normal heart-
beats. RMSSD estimates the vagally-mediated (parasympathetic) changes in HRV. It is measured in milliseconds.

Frequency Domain 

• Frequency Domain measurements are used to evaluate autonomic nervous system balance.

• 7RWDO�3RZHU�UHÁHFWV�RYHUDOO�DXWRQRPLF�DFWLYLW\��PHDVXUHG�LQ�PLOOLVHFRQGV�VTXDUHG�

• Very Low Frequency (VLF), Low Frequency (LF) and High Frequency (HF) are measured in milliseconds squared. 

• Normalized LF and Normalized HF are calculated in percentile units. 

• LF/HF Ratio is the ratio between Low Frequency and High Frequency bands.

Other methods of HRV analysis include sample entropy, which gives an estimate of nonlinear signal complexes the in cardiac 
time series and can give information beyond linear high-frequency heart rate variability [33]. The Institute of Heart Math has 
developed a coherence model which employs proprietary software.

VERTEBRAL SUBLUXATION—HISTORY AND PROPOSED MECHANISMS
The author previously reviewed clinical models of vertebral subluxation [34]. The term subluxation has a long history in the 

healing arts literature. According to Haldeman [35] it was used at the time of Hippocrates [36]��ZKLOH�WKH�HDUOLHVW�(QJOLVK�GHÀQLWLRQ�
is attributed to Randall Holme in 1688. Holme [37]�GHÀQHG�VXEOX[DWLRQ�DV�´D�GLVORFDWLRQ�RU�SXWWLQJ�RXW�RI� MRLQWµ��7KH�SRVVLEOH�
neurological consequences of subluxation were described by Harrison in 1821, as quoted by Terrett [38]��́ :KHQ�DQ\�RI�WKH�YHUWHEUDH�
EHFRPH�GLVSODFHG�RU�WRR�SURPLQHQW��WKH�SDWLHQW�H[SHULHQFHV�LQFRQYHQLHQFH�IURP�D�ORFDO�GHUDQJHPHQW�LQ�WKH�QHUYHV�RI�WKH�SDUWµ�

In 1906, DD Palmer and BJ Palmer [39]�GHÀQHG�VXEOX[DWLRQ�DV�IROORZV��´$��VXE�OX[DWLRQ�RI�D�MRLQW��WR�D�FKLURSUDFWRU��PHDQV�
pressXUH�RQ�QHUYHV�� DEQRUPDO� IXQFWLRQV� FUHDWLQJ�D� OHVLRQ� LQ� VRPH�SRUWLRQ�RI� WKH�ERG\�� HLWKHU� LQ� LWV� DFWLRQ�� RU�PDNHXSµ��
Lantz [40]�QRWHG��´&RPPRQ�WR�DOO�FRQFHSWV�RI�VXEOX[DWLRQ�DUH�VRPH�IRUP�RI�NLQHVLRORJLF�G\VIXQFWLRQ�DQG�VRPH�IRUP�RI�QHXURORJLF�
LQYROYHPHQWµ�

Mechanical and degenerative changes associated with vertebral subluxation may result in a variety of neurological 
consequences: 

1. &RUG�FRPSUHVVLRQ��&RPSUHVVLRQ�RI�WKH�VSLQDO�FRUG�PD\�UHVXOW�IURP�GLVF�SURWUXVLRQ��OLJDPHQWXP�ÁDYXP�K\SHUWURSK\�FRU-
rugation, or osteophytosis. Myelopathy may result in cord pressure and/or pressure which interfere with the arterial supply [41-44].

2. Nerve root compression: Compromise of the nerve roots may develop following disc protrusion or osteophytosis [45].

3. /RFDO�LUULWDWLRQ��7KLV�LQFOXGHV�LUULWDWLRQ�RI�PHFKDQRUHFHSWLYH�DQG�QRFLFHSWLYH�ÀEHUV�ZLWKLQ�WKH�LQWHUYHUWHEUDO�PRWLRQ�VHJ-
ments.

4. Vertebral artery compromise: MacNab advises that osteophytes may cause vertebral artery compression [44].

5. Autonomic dysfunction: Symptoms associated with the autonomic nervous system have been reported in patients with 
cervical spine trauma. The Barre’-Lieou syndrome includes blurred vision, tinnitus, vertigo, temporary deafness, and shoulder 
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pain. This phenomenon is also known as the posterior cervical syndrome [46]. Stimulation of sympathetic nerves has been impli-
cated in the pathogenesis of this syndrome [47]. 

OPERATIONAL MODELS OF VERTEBRAL SUBLUXATION
$Q� RSHUDWLRQDO� GHÀQLWLRQ� LV� D� GHVFULSWLRQ� RI� WKH� SURFHGXUHV� XVHG� WR� GHWHUPLQH� WKH�PHDQV� IRU�PHDVXULQJ� RU� REVHUYLQJ�

something [48]��6PLWK�HW�DO��VWDWHG��́ 7KH�SRWHQWLDO�H[LVWV�IRU�VXEOX[DWLRQ�UHVROXWLRQ�WR�EH�FRQFHSWXDOL]HG�DV�D�OHJLWLPDWH�LQWHUPHGLDWH�
KHDOWK�RXWFRPH��SHQGLQJ�WKH�GHYHORSPHQW�RI�D�VXIÀFLHQW�DQG�UHTXLVLWH�ERG\�RI�VFLHQWLÀFDOO\�GHULYHG�FOLQLFDO�HYLGHQFH�[49]. This body 
RI�HYLGHQFH�PXVW��E\�QHFHVVLW\��LQFOXGH�����VFLHQWLÀFDOO\�YDOLG�DQG�UHOLDEOH�PHDVXUHV�RI�VXEOX[DWLRQ��LQ�RUGHU�WR�����VFLHQWLÀFDOO\�
H[DPLQH�WKH�UHODWLRQVKLS�EHWZHHQ�D�SDWLHQW·V�VXEOX[DWLRQ�DQG�WKDW�SDWLHQW·V�KHDOWKµ�

The author has proposed an operational model for the assessment of neurological dysregulation associated with vertebral 
subluxation [50]. The four components of this model include:

1. Dysafferentation: The intervertebral motion segment is richly endowed with nociceptive and mechanoreceptive struc-
tures [51-56]. As a consequence, biomechanical dysfunction caused by vertebral subluxation may result in altered nociception and/
or mechanoreception.

2. Dyskinesia: Dyskinesia refers to distortion or impairment of voluntary movement [57]. Spinal motion may be reliably mea-
sured using inclinometry [58]. Alterations in regional ranges of motion may be associated with vertebral subluxation [59].

3. Dysponesis: Dysponesis is evidenced by abnormal tonic muscle activity. Dysponesis refers to a reversible physiopatho-
logic state consisting of errors in energy expenditure, which is capable of producing functional disorders. Dysponesis consists 
mainly of covert errors in action potential output from the motor and premotor areas of the cortex and the consequences of that 
output. These neurophysiological reactions may result from responses to environmental events, bodily sensations, and emotions. 
The resulting aberrant muscle activity may be evaluated using surface electrode techniques [60,61]��7\SLFDOO\��VWDWLF�60(*�ZLWK�D[LDO�
loading is used to evaluate innate responses to gravitational stress [62]. 

4. Dysautonomia: The autonomic nervous system regulates the actions of organs, glands, and blood vessels. Acquired 
dysautonomia may be associated with a broad array of functional abnormalities [63-69]. Sympathetic tone may be evaluated by 
measuring skin temperature differentials using paraspinal infrared thermography [70]. Such techniques have been used to monitor 
changes in neurological function associated with vertebral subluxations [71]. Heart rate variability is a reliable and valid technique 
for the assessment of changes in autonomic nervous system function.

LITERATURE REVIEW
A search was made of PubMed, the Index to Chiropractic Literature (ICL), and McCoy Press journals. The latter was included 

as these publications are focused on vertebral subluxation. A hand search at the Sherman College of Chiropractic Library was 
also performed. Search terms included chiropractic and heart rate variability, spinal manipulation and heart rate variability, 
vertebral subluxation and heart rate variability, and spinal adjustment and heart rate variability. The time range was from 2000-
2017. Spinal manipulation was included as a search term to differentiate papers addressing spinal manipulation from those 
concerned with the correction or reduction of vertebral subluxation. Review papers, theoretical discussions, abstracts presented 
at symposia, and editorials were excluded. In determining if the intervention studied was manipulation or adjustment, the author 
XVHG�WKH�GHÀQLWLRQV�RI�WKH�:RUOG�+HDOWK�2UJDQL]DWLRQ�[72]. To be assigned as a vertebral subluxation paper, assessment of both a 
biomechanical and neurological indicator was required.

RESULTS
Nineteen papers met the inclusion criteria. Two involved publication of the same study to two journals, leaving a total of 

eighteen distinct papers. Seven papers addressed spinal manipulation, nine addressed vertebral subluxation, and in two cases 
a determination could not be made. There were seven controlled trials, eight case studies, two pre-post intervention studies, and 
RQH�VWXG\�FRPSDULQJ�VXEMHFWV�ZLWK�DQG�ZLWKRXW�QHFN�SDLQ��6HYHQ�SDSHUV�VSHFLÀFDOO\�DGGUHVVHG�WKH�FHUYLFDO�VSLQH��WZR�LQYROYHG�
WKRUDFLF� VSLQH�PDQLSXODWLRQ�� DQG� WKH� UHVW�ZHUH�QRW� OLPLWHG� WR� D� VSHFLÀF� VSLQDO� UHJLRQ�� $OO� VHYHQ� FRQWUROOHG� VWXGLHV�HPSOR\HG�
manipulation. All eight case report papers addressed vertebral subluxation. Results are summarized in Table 1.

Table 1. Peer-reviewed articles addressing heart rate variability and vertebral subluxation correction (VSC) vs. spinal manipulation 2000-2017 [73-89].

Peer-reviewed articles addressing heart rate variability and vertebral subluxation correction (VSC) vs. spinal manipulation 2000-2017
Journal Reference No. Title Spinal Assessment Intervention 

[73]

Neuro-Endocrine Response 
Following a Thoracic Spinal 

Manipulation in Healthy Men 
(randomized controlled trial)

None. Subjects were randomized 
to receive a T5 manipulation or a 

sham intervention

0DQLSXODWLRQ�RI�WKH�ÀIWK�WKRUDFLF�
vertebra
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[74]

8SSHU�FHUYLFDO�VSHFLÀF�SDWWHUQ�
analysis utilizing paraspinal 

thermography, leg length inequality 
and heart rate variability in two 
patients with tachycardia (case 

report)

Thermography.  
Radiography.  

Leg length inequality

Upper cervical adjustment of 
vertebral subluxation 

[75]

Effects of upper and lower cervical 
spinal manipulative therapy on 
blood pressure and heart rate 

variability in volunteers and patients 
with neck pain: a randomized 

controlled, cross-over, preliminary 
study (randomized controlled trial)

Pain scale 
Static palpation 

Motion palpation 
Posture in sitting position

Upper and lower cervical spinal 
manipulation

[76]

Improvement in signs and 
symptoms of ADHD, migraines and 
functional outcomes while receiving 

subluxation based torque release 
chiropractic and cranial nerve 
auriculotherapy (case report)

Breathing Movement  
Heel Tension 

Abductor Tendency 
Foot Flare  

Foot Pronation/Supination  
Functional Leg Length Inequality  

Cervical Syndrome Test  
Bilateral Cervical Syndrome Test  

'HUHÀHOG�7HVW

Adjustment of vertebral subluxations 
Auriculotherapy

[77]

Suboccipital Decompression 
Enhances Heart Rate Variability 

Indices of Cardiac Control in Healthy 
Subjects (randomized crossover 

trial)

Palpation Upper cervical manipulation

[78]

Improvement in signs and 
symptoms of ADHD and functional 
outcomes in four children receiving 
Torque release chiropractic: A case 

series (case series)

Torque Release Technique (TRT) 
indicators 

Paraspinal infrared thermography 
Paraspinal surface 
electromyography

Adjustment of vertebral subluxations

[79]

Resolution of infertility in a 31-year-
old female undergoing chiropractic 
care for the reduction of vertebral 
subluxation: A case report (case 

report)

Postural examination 
Radiography 

Paraspinal infrared thermography 
Paraspinal surface 
electromyography

Adjustment of vertebral subluxations

[80]

Improvement in pattern analysis, 
heart rate variability & symptoms 

following upper cervical chiropractic 
care (case series)

Leg length inequality 
Radiography 

Paraspinal infrared thermography

Upper cervical adjustment of 
vertebral subluxation

[81]

5HVROXWLRQ�RI�DWULDO�ÀEULOODWLRQ�
& hypertension in a patient 
undergoing upper-cervical 

chiropractic care (case report)

Leg length inequality 
Postural examination 

Radiography 
Paraspinal infrared thermography

Upper cervical adjustment of 
vertebral subluxation

[82]

Resolution of infertility, healthy 
pregnancy and delivery in a patient 
previously diagnosed with polycystic 

ovarian syndrome [PCOS]: A case 
report and selective review of 

literature (case report)

Leg length inequality 
Static palpation 

Motion palpation 
Paraspinal infrared thermography 

Paraspinal surface 
electromyography

Adjustment of vertebral subluxations

[83]

Heart rate variability modulation 
after manipulation in pain-free  

patients vs. patients in pain 
(randomized controlled trial)

Activator Methods ® assessment 
Static palpation 

Motion palpation
Spinal manipulation

[84]

Sympathetic and parasympathetic 
UHVSRQVHV�WR�VSHFLÀF�GLYHUVLÀHG�

adjustments to chiropractic 
vertebral subluxations of the 

cervical and thoracic spine (pre- and 
post- intervention study)

Leg length inequality 
Static palpation 

Motion palpation 
Paraspinal infrared thermography

6SHFLÀF�VSLQDO�DGMXVWPHQWV

[85]

Effects of Biofreeze and chiropractic 
adjustments on acute low back 
pain: a pilot study (randomized 

controlled trial)

Not stated Biofreeze and chiropractic 
adjustments
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[86]

The effects of thoracic manipulation 
on heart rate variability: A controlled 
crossover trial (controlled crossover 

study)

Palpation for muscle tone 
Motion palpation Thoracic spine manipulation

[87]

Effect of chiropractic care on 
heart rate variability and pain in a 
multisite clinical study (pre- and –

post intervention study)

Not stated. Left to the discretion of 
participants Chiropractic adjustments

[88]

Effect of chiropractic care on 
heart rate variability and pain in a 
multisite clinical study (pre- and –

post intervention study)

Toftness sensometer 6SHFLÀF�VSLQDO�DGMXVWPHQWV

[89]

Response of arrhythmia to spinal 
PDQLSXODWLRQ��0RQLWRULQJ�E\�(&*�

with analysis of heart rate variability 
(case report)

Static palpation 
Motion palpation

Upper cervical and upper thoracic 
spinal manipulation

DISCUSSION

,Q�VRPH�FDVHV��WKHUH�ZDV�LQVXIÀFLHQW�GHWDLO�SURYLGHG�LQ�WKH�GHVFULSWLRQ�RI�PHWKRGV�WR�PDNH�D�GHWHUPLQDWLRQ�RI�ZKDW�VSHFLÀF�
criteria were used for intervention and the nature of the interventions applied. There were also instances where the intervention 
ZDV� DSSOLHG�ZLWKRXW� DQ\� DSSDUHQW� FULWHULD� IRU� GRLQJ� VR�� ,Q� D�PLQRULW\� RI� SDSHUV�� WKHUH�ZDV� LQVXIÀFLHQW� GHWDLO� WR� GHWHUPLQH� LI�
DQ�LQWHUYHQWLRQ�ZDV�GLUHFWHG�WRZDUG�YHUWHEUDO�VXEOX[DWLRQ�FRUUHFWLRQ��RU�ZDV�D�VSLQDO�PDQLSXODWLRQ��:+2� [76] describes the two 
procedures as follows:

Adjustment : Any chiropractic therapeutic procedure that ultimately uses controlled force, leverage, direction, amplitude and 
YHORFLW\��ZKLFK�LV�DSSOLHG�WR�VSHFLÀF�MRLQWV�DQG�DGMDFHQW�WLVVXHV��&KLURSUDFWRUV�FRPPRQO\�XVH�VXFK�SURFHGXUHV�WR�LQÁXHQFH�MRLQW�
and neurophysiological function.

Joint manipulation: A manual procedure involving directed thrust to move a joint past the physiological range of motion, 
without exceeding the anatomical limit.

7KHVH�GHÀQLWLRQV�DUH�FRQJUXHQW�ZLWK�WKH�6KHUPDQ�&ROOHJH�3KLORVRSKLF�/H[LFRQ�

$GMXVWPHQW��DGMXVWLYH�WKUXVW���$�FRQWUROOHG�IRUFH��HPSOR\LQJ�OHYHUDJH��GLUHFWLRQ��DPSOLWXGH�DQG�YHORFLW\��DSSOLHG�WR�D�VSHFLÀF�
vertebra for the purpose of correcting vertebral subluxation.

Manipulation: The forceful passive movement of a joint beyond its physiological range of motion; it is not done for the 
correction of vertebral subluxation and is not synonymous with adjustment.

The putative neurobiological mechanisms resulting from a vertebral subluxation have been described. Pressure and 
stretch of neural structures due to misalignment of the vertebra may affect the function of the sympathetic and parasympathetic 
portions of the autonomic nervous system. Segmental facilitation (lowered thresholds of lateral horn cells) may lead to elevated 
sympathetic tone [35,51]. 

%XUFRQ�VXPPDUL]HG�WKH�LQQHUYDWLRQ�RI�WKH�KHDUW��DQG�WKH�UROH�RI�WKH�YDJXV�QHUYH��´3DUDV\PSDWKHWLF�LQQHUYDWLRQ�RI�WKH�KHDUW�
LV�PHGLDWHG�E\�WKH�YDJXV�QHUYH��6SHFLÀFDOO\��WKH�YDJXV�QHUYH�DFWV�WR�ORZHU�WKH�KHDUW�UDWH��7KH�ULJKW�YDJXV�LQQHUYDWHV�WKH�VLQRDWULDO�
node. Parasympathetic hyperstimulation predisposes those affected to bradyarrhythmias. The left vagus when hyperstimulated 
SUHGLVSRVHV�WKH�KHDUW�WR�DWULRYHQWULFXODU�EORFNVµ�[75].

%XUFRQ�IXUWKHU�QRWHG�WKDW��´7KH�KHDUW�UDWH�YDULDELOLW\��+59��H[DPLQDWLRQ�LV�EHFRPLQJ�PRUH�FRPPRQSODFH�LQ�WKH�FKLURSUDFWLF�
FOLQLF��,W� LV�D�QDWXUDO�ÀW�IRU�WKH�FKLURSUDFWRU�ZDQWLQJ�WR�HYDOXDWH�WKH�IXQFWLRQ�RI�WKH�DXWRQRPLF�QHUYRXV�V\VWHP��$16���,W�UHDGLO\�
measures the overall activity of the ANS, a direct measure of ANS health and adaptability. HRV also measures balance between 
WKH�V\PSDWKHWLF�DQG�SDUDV\PSDWKHWLF�EUDQFKHV�RI�WKH�$16µ�

CONCLUSION
A small number of controlled studies suggest that spinal manipulation may alter heart rate variability. Case reports suggest 

that favorable changes in heart rate variability may follow reduction or correction of vertebral subluxations. Higher quality studies 
of larger populations should be conducted. It is biologically plausible that the changes in autonomic nervous system function fol-
lowing reduction or correction of vertebral subluxation may be objectively assessed using heart rate variability.
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