
	

	 Introduction	

‘Understanding	the	relationship	between	the	ANS	and	vascular	system	may	provide	new	
and	effective	therapeutic	strategies	for	vascular	diseases.’	(51)	
'The	crosstalk	between	autonomic	nervous	system	and	blood	vessels.’	Sheng	Y,	Zhu	L,	2018.	

Smooth	muscle	comprises	the	tunica	media	of	the	vascular	systems	
throughout	the	body.	It	also	constitutes	the	contractile	layer	in	various	

internal	structures	including	the	kidneys,	glands,	and	hollow	organs	such	as	
bladders.	(1,	2)	
	 Neurophysiological	inIluence	on	circulation	through	vasomotor	reIlexes	
has	the	potential	to	inIluence	supplied	anatomical	structures.	This	discussion	
focuses	upon	the	perfusion	and	effect	on	these	target	regions	particularly	the	
effects	of	ischemia.	We	postulate	that	with	activation	of	noxious	somato-
autonomic	reIlexes,	vascular	perfusion	at	the	capillary	level	may	be	disrupted	
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to	the	extent	that	tissue	function	in	the	vascularised	sites	may	be	compromised.	(3,	4,	5,	6,	7,	8)	
	 The	normal	functioning	of	the	smooth	muscle	can	govern	the	health	status	or	homeostasis	of	
the	body	and	of	particular	structures	and	organs	within	it.	Even	skeletal	muscle	and	cardiac	
muscle	have	vascular	supplies	controlled	by	smooth	muscle	in	the	tunica	media,	as	do	the	larger	
blood	and	lymphatic	vessels.	These	vessels	carry	a	range	of	humoral,	hormonal	and	metabolic	
elements	including	neurotransmitters,	oxygen,	amongst	many	others.	(9,	10,	11)	
	 The	autonomic	nervous	system	essentially	monitors	and	coordinates	all	physiology.	A	normal	
tone	of	autonomic	reIlexes	seeks	to	maintain	a	stable	physiological	equilibrium	of	physiological	
functions	including	the	cardiovascular	system.	Innocuous	somatosensory	activation	may	be	
initiated	by	chemical,	mechanical,	thermal,	cutaneous,	acupuncture,	joints,	electrical	and	muscle	
afferent	sources	to	maintain	physiological	tone.	(12,	13,	14,	15,	16,	17,	18)	
	 Noxious	neurosensory	insult	triggering	pathophysiological	somato-autonomic-vascular	
reIlexes	from	vertebrogenic	origin	have	been	be	recognised	as	a	potential	pathophysiological	
phenomenon.	It	is	submitted	that	chronic	noxious	input	may	at	times	be	subliminal	and	as	such,	
research	on	this	topic	seems	to	attract	only	limited	attention.	(19,	20,	21)	
	 It	should	be	noted	that	regardless	of	the	wide	associations	reported	in	this	paper,	there	is	no	
claim	of	a	panacea	or	even	a	primary	claim	of	subluxation-related	factors	in	all	conditions	of	ill	
health.	However,	given	the	volume	of	published	evidence,	we	suggest	there	are	grounds	for	
ongoing	research	to	further	explore	the	possibility	that	due	to	the	somatosensory	inIluence	on	
the	neural	and	vascular	systems	through	the	autonomic	nervous	system,	that	subluxations	may	be	
a	contributing	factor	in	a	range	of	conditions	or	their	symptoms	and	that	their	correction	appears	
to	be	of	beneIit	to	patients.	

Review	
	 In	1920,	Wernöe	noted	that	neurovascular	occlusion	with	pain	occurred	in	areas	of	the	head.	
(22)	Other	such	sites	over	the	body	became	known	as	Wernöe	zones.	In	1950,	Adams-Ray	noted	
this	ischemic	reIlex	being	associated	with	the	C4	segment	and	cardiac	pain.	On	the	basis	of	this	
vasoconstriction,	it	would	be	fair	to	conclude	that	muscular	and	internal	visceral	structures	could	
undergo	a	similar	pathophysiological	phenomenon.	However,	demonstrating	this	would	require	
rather	complex	or	invasive	imaging,	especially	in	the	clinical	setting.	(23,	24,	25,	26)	
	 In	1960,	Wright	and	colleagues	monitored	vasomotor	tone	and	noted	topographical	patterns	of	
vascular	activity.	They	considered	them	to	be	functional	rather	than	anatomical	and	followed	
similar	patterns	to	sudomotor	activity	–	a	Iinding	consistent	with	that	of	Vincenzino	et	al	in	1994.	
(27,	28)	
	 Subsequently	studies	by	Korr	et	al	suggested	that	the	patterns	of	aberrant	areas	of	sudomotor	
and	vasomotor	activity	may	reIlect	subclinical	and	asymptomatic	sources	of	afferent	sympathetic	
bombardment	of	sensory	input	through	the	dorsal	roots.	(29)	
	 In	describing	the	neural	ramiIication	of	a	vertebral	subluxation	(‘osteopathic	lesion’)	in	1947,	
Korr	also	noted	‘changes	in	local	circulation	and	in	the	exchange	between	blood	and	tissues.’	(30)	
	 In	the	early	to	mid-1960s,	European	medical	papers	reported	this	vertebrogenic	or	
somatovascular	association.	(31,	32,	33,	34,	35)	
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Vertebrogenic	factor:	the	subluxation		
	 Perhaps	some	of	the	most	supportive	medical	evidence	for	this	somatovascular	model	has	
been	provided	by	Gongal’skii	and	Kuftyreva.	(36)	They	attributed	vertebral	subluxation	with	
activation	of	the	autonomic	nervous	system	in	association	with	the	vascular	changes.	The	
complete	abstract	is	included	as	the	full	paper	was	not	translated.	

‘Microcirculation	disorders	may	cause	functional	deviation	in	gray	matter	cells	of	
the	spinal	cord.	One	of	the	setting	moments	of	the	disorders	is	the	subluxation	of	a	
vertebra	as	a	result	of	the	disturbance	in	carrying	ability	of	the	spinal	disc	in	case	
of	spinal	osteochondrosis.	In	this	position	the	soft	tissues	of	the	spinal	motional	well	
innervated	segment	are	stretched,	which	induces	irritation	in	the	segmental	part	of	
the	spinal	cord	including	vegetative	nervous	structures.	Subluxation	of	a	vertebra	
causes	 changes	 in	 the	 structures	 and	 in	 the	microcirculation	 vessels	which	 grow	
simultaneously	and	this	permits	supposing	their	interrelation.’	

	 In	this	medical	paper,	it	is	emphasised	that	Gongal’skii	et	al	speciIically	mention	subluxation	of	
vertebrae	in	association	with	‘irritation	in	the	segmental	part	of	the	spinal	cord	including	
vegetative	nervous	structures.’	Further,	these	subluxations	‘cause	changes	in	the	structures	and	in	
the	microcirculation	vessels	which	grow	simultaneously	and	this	permits	supposing	their	
interrelation.’	It	is	stated	further	that	‘microcirculation	disorders	may	cause	functional	deviation	in	
gray	matter	cells	of	the	spinal	cord.’	(36)	
	 A	2011	study	using	brain	PET	scanning	at	the	Cyclotron	Nuclear	Medicine	division	at	the	
Tohoku	University	in	Japan,	found	that	chiropractic	spinal	adjustments	of	the	neck	could	
inIluence	glucose	metabolism	in	the	brain	in	association	with	sympathetic	relaxation.	They	also	
found	that	cervical	muscle	tone	and	salivary	amylase	were	also	inIluenced	with	cervical	
adjustments	with	resultant	pain	reduction.	(37)	
	 In	1985	and	again	in	1995,	Vernon	reviewed	the	vascular	role	in	vertebrogenic	migraines	a	
condition	which	exhibits	a	cervicogenic	role	in	a	somatovascular	association.	A	further	study	
reported	in	1995	involving	729	subjects	noted	the	efIicacy	of	chiropractic	cervical	adjustments.	
The	Pubmed	medical	index	records	328	papers	on	the	topic	of	cervicogenic	headaches.	(38,	39)	
	 Detailed	discussion	on	the	vertebral	subluxation	with	references	to	somatovascular	changes	
with	vertebrogenic	associations	are	provided	by	Senzon.(40)	He	notes	that	‘the	peripheral	
distribution	of	the	post-ganglionic	Fibres	follow	the	course	of	the	larger	arteries,	supplying	short	
sections	of	these	vessels	with	single	axons	which	terminate	in	the	muscular	layer	of	the	vessel.’	(41,	
43,	43)	
	 Senzon	outlines	the	vertebral	association	of	vasoconstriction	under	the	sympathetic	nervous	
system	by	stating:	

‘The	vasoconstrictor	Fibres	belong	to	the	thoraco-lumbar	(sympathetic)	division	of	
the	involuntary	nervous	system.	These	constrictor	Fibres	arise	from	groups	of	nerve	
cells	situated	in	the	lateral	horns	of	the	spinal	cord,	extending	in	man	from	the	First	
thoracic	to	the	second	or	third	 lumbar	segment	 inclusive.	All	 the	arterioles	of	 the	
body	wherever	situated	are	supplied	with	 Filaments	whose	ultimate	source	 is	 this	
relatively	limited	region	of	the	central	nervous	system.’	(40)	

	 In	relation	to	vasodilation,	Senzon	explains	further	that:		
‘The	 sensory	 Fibres,	 through	which	 the	antidromic	 impulses	 of	 vascular	dilatation	
are	 conveyed,	 are	 distributed	 anatomically	 on	 a	 segmental	 level	 throughout	 the	
length	of	the	spinal	cord	through	each	posterior	division	of	each	spinal	nerve.	
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It	becomes	evident	that	segmental	skin	temperature	differentials	represent	zones	in	
which,	because	of	reduced	dilating	tone,	the	vasoconstriction	of	the	blood	vessels	of	
the	skin	is	seen	to	dominate	in	the	affected	area	…		

…	 the	affected	area	of	 skin	could	 lose	 its	dilating	 tone	 in	a	 sharply	 segmentalized	
manner	 if	 this	 is	 an	 accurate	 description	 of	 the	 mechanism	 of	 the	 antidromic	
impulse	and	vasodilatation’.	(44)	

	 A	clinical	example	of	smooth	muscle	dysfunction	with	a	declared	vertebrogenic	association	
was	noted	by	Grgić	in	2013.	This	paper	noted	cervical	segmental	dysfunction	(vertebral	
subluxation,	functional	blockade)	associated	with	swallowing	difIiculties	–	dysphagia.	Manual	
therapy	(vertebral	adjustments,	manipulative	therapy)	is	listed	among	the	therapeutic	options.	
(45)	

The	somato-autonomic	vascular	association	
	 Although	related	to	more	serious	spinal	cord	injuries,	Mathias	and	Bannister	note	that	injuries	
above	T5	leads	to	sympathetic	outIlow	affecting	blood	pressure	homeostasis	and	that	somatic	
stimuli	above	this	level	causes	autonomic	dysreIlexia	which	unmasks	primary	cutaneovascular,	
viscerovascular,	and	somatovascular	reIlexes.	However,	in	this	instance	we	seek	to	consider	an	
association	between	chronic	but	milder	(simmering)	dysreIlexia	of	smooth	muscle	response	from	
a	long	term	noxious	somatic	stimulus,	and	the	effect	that	might	have	on	target	structures.	The	
activation	level	to	such	reIlex	response	would	be	the	key	to	such	a	concept.	(46)	
	 Wecht	and	Bauman	note	that	autonomic	inIluence	in	cardiovascular	responses	to	sympathetic	
activation	between	the	T1-T5	regions	is	different	to	the	vascular	response	from	autonomic	
activation	between	T5-L2.	These	two	segmental	levels	can	have	a	different	effect	on	
cardiovascular	control	and	associated	symptoms	in	patients	dependent	upon	the	level	of	spinal	
cord	injury.	(47)	
	 The	vascular	smooth	muscle	distribution	throughout	the	body	is	essentially	as	extensive	as	the	
body’s	neural	network	with	which	it	is	integrated	through	the	autonomic	nervous	system.	The	
ANS	can	be	inIluenced	by	sensory	activation	which	raises	the	possibility	of	somatosensory	
inIluence	upon	any	structure	with	smooth	muscle	via	this	integration	of	somato-autonomic	
reIlexes.	(48,	49,	50,	51,	52,	53,	54,	55,	56,	57,	58,	59)	
	 A	review	of	smooth	muscle	function	in	vascular	and	lymphatic	walls	exposes	the	potential	for	
pathophysiological	disturbance	of	visceral	structures	and	function.	It	would	also	tend	to	explain	
some	of	the	clinical	features	which	appear	to	respond	to	correction	of	mechanically	dysfunctional,	
nociceptive	spinal	segments	such	as	segmental	adjustments	of	these	vertebral	subluxations.	
Apart	from	circulatory	regulation	through	the	vast	vascular	network,	other	structures	reliant	on	
smooth	muscle	function	include	sphincters,	glands,	follicles,	kidneys,	uterus,	and	the	eye	(ciliary	
muscle),	as	well	as	the	hollow	organs	such	as	bladders,	ducts,	and	the	gastrointestinal	tract.	
Consequently,	some	of	the	concepts	presented	here	have	been	based	on	well-reported	clinical	
observations.	(60)	
	 As	smooth	muscle	inIluences	so	many	these	physiological	functions,	activation	of	sensory	
neurophysiology	at	a	particular	segmental	level	may	then	be	involved	with	altered	function	of	an	
affected	organ.	This	may	be	present	as	symptomatic	of	dysfunction	of	structures	or	organs	due	to	
the	integration	of	smooth	muscle	in	their	function(s).	As	such,	the	extensive	complex	of	smooth	
muscle	has	a	vital	role	in	the	physiological	state	of	homeostasis.	(61,	62,	63,	64,	65,	66,	67)	
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Autonomic	in=luence	of	smooth	muscle	
	 Particular	consideration	is	also	given	here	to	the	sheets	of	smooth	muscle	layer	in	vascular	and	
lymphatic	vessels.	This	tunica	media	functionally	controls	the	health	of	the	organ	or	structure	
supplied	through	vascular	integration	with	a	rich	neural	network.	(48,	68,	69,	70,	71)	
	 Under	aberrant	somato-autonomic	reIlex	stimulation,	the	contractile	property	of	smooth	
muscle	may	underline	its	potential	for	a	localised	ischemic	effect	on	target	structures.	The	
neuropathophysiology	associated	with	persistent	smooth	muscle	constriction	(or	dilation)	
through	neurological	tone	may	disrupt	physiological	integrity	of	that	target	structure.	Although	
there	are	both	intrinsic	and	extrinsic	factors	that	inIluence	vascular	tone,	neural	innervation	of	
smooth	muscle	is	one	of	those	factors.	This	could	be	considered	a	separate	but	less	direct	
neurological	inIluence	to	a	target	structure	or	organ	in	addition	to	the	direct	spinal	nerve	and	
parasympathetic	vagus	supply.	(72,	73)	
	 Sato	et	al	state	that	‘Unwelcome	autonomic	effects	of	somatosensory	activity	include,	amongst	
many	more	harmless	examples,	the	severe	symptoms	of	circulatory	failure,	sweating,	nausea,	
vomiting	etc.,	as	a	consequence	of	excruciating	visceral	pain.’	Evidence	was	also	found	relating	to	
the	somatosensory	dilation	of	blood	vessels.	O’Herron	et	al	stated	that	‘Neural	activation	increases	
blood	Flow	locally.’	(74,	75,	76,	77,	78,	79)	
	 Neural	inIluence	is	not	limited	to	the	smooth	muscle	layer	in	vascular	walls,	but	may	also	
inIluence	vascular	endothelial	function.	Sheng	and	Zhu	state	that	‘The	autonomic	nervous	system	is	
involved	in	mediating	the	behaviour	of	the	endothelial	function…	In	the	development	of	vascular	
diseases,	the	co-existence	of	ANS	abnormality	and	endothelial	dysfunction	suggests	the	complex	
interactions	between	them.’	They	also	state	that	‘The	dysfunction	of	the	autonomic	nervous	system	
could	be	a	risk	factor	for	vascular	diseases	and	the	overactive	sympathetic	nerve	is	detrimental	to	
the	blood	vessel.’	In	essence	they	conIirm	that	the	ANS	is	essential	for	homeostasis.	(51)	
	 Although	associated	with	endothelial	cells,	the	role	of	pericytes	(mural	cells)	has	not	been	
considered	in	this	dissertation.	It	is	noted	that	these	cells	are	present	in	blood	vessels	but	not	
lymphatics.	(81,	82,	83)	
	 The	following	observations	can	be	considered	as	being	subject	to	or	the	effects	of	aberrant	
smooth	muscle	inIluence:	
‣ Noxious	somatovascular	reIlexes	inIluence	arteries,	veins	or	lymphatic	vascularisation.	In	
vascular	constriction,	the	Ilow	of	blood	or	lymph	may	compromise	the	delivery	to	associated	
structures	of	nutrients,	oxygen,	neurotransmitters	and	other	humoral	elements	-	as	well	as	
the	removal	of	cellular	waste	products	through	venous	return.	There	is	also	neural	inIluence	
of	the	endothelial	cells	of	the	tunica	intima,	particularly	in	the	microcirculation	of	capillaries	
where	there	is	no	tunica	media	layer	of	smooth	muscle.	As	recently	as	2018,	Wang	and	Yang	
acknowledge	that	‘the	pathophysiologic	mechanisms	leading	to	coronary	artery	vasospasms	
are	yet	completely	understood.’	It	could	be	suggested	that	an	activated	noxious	
vertebrogenic	somatocardiac	reIlex	may	be	a	contributory	factor	in	some	cases	of	arterial	
spasms.	(18,	84,	85,	86,	87,	88,	89)	

‣ Given	that	smooth	muscle	is	innervated	throughout	the	body	including	the	brain,	its	
dysfunction	from	noxious	somato-autonomic	activation	may	have	the	potential	to	inIluence	
physiological	functions	of	target	structures.	(36,	90,	91,92,	93,	94)	

	 In	recognising	a	somatosensory	inIluence	on	physiology	Sato	et	al	state:	
‘In	contrast	to	the	 impressive	body	of	knowledge	concerning	the	effects	of	visceral	
afferent	 activity	 on	 autonomic	 functions,	 there	 is,	 generally	 speaking,	 much	 less	
information	available	on	the	reFlex	regulation	of	visceral	organs	by	somatic	afferent	
activity	from	skin,	the	skeletal	muscle	and	their	tendons,	and	from	joints	and	other	
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deep	 tissues.	 The	 elucidation	 of	 the	 neural	 mechanisms	 of	 somatically	 induced	
autonomic	reFlex	responses,	usually	called	 somato-autonomic	reFlexes,	 is,	however,	
essential	 to	 developing	 a	 truly	 scientiFic	 understanding	 of	 the	 mechanisms	
underlying	 most	 forms	 of	 physical	 therapy,	 including	 spinal	 manipulation,	 and	
traditional	 as	 well	 as	modern	 forms	 of	 acupuncture	 and	moxibustion.’(Emphasis	
added)	(95)	

	 Vascular	headaches	would	appear	to	be	a	condition	which	is	consistent	with	this	
pathophysiology	model	with	some	having	been	designated	as	cervicogenic	headaches.	(38,	39,	96,	
97,	98,	99,	100,	101,	102,	103,	104)		
	 This	neural	dysfunction	model	may	also	be	a	factor	in	vasomotor	rhinitis.	The	exact	cause	of	
nonallergic	rhinitis	is	idiopathic,	however	it	is	known	that	nonallergic	rhinitis	occurs	when	blood	
vessels	in	the	nose	expand	and	Iill	the	nasal	lining	with	blood	and	Iluid.	There	are	several	possible	
causes,	including	the	nerve	endings	in	the	nose	being	hyper-responsive,	similar	to	the	way	the	
lungs	react	in	asthma.	(105,	106,	107,	108,	109)	
	 Other	vasomotor	factors	relating	to	dysfunction	of	structures	that	may	be	considered	under	
neural	overlay	as	visceral	pathophysiology	include”	(32,	110,	111,	112,	113,	114)	
‣ Within	this	extensive	vascular	network,	the	walls	of	larger	individual	blood	and	lymph	
vessels	and	nerves,	are	further	integrated	through	their	own	networks	(vasa	vasorum	and	
vasa	nervorum).	As	well	as	their	own	individual	nerve	supplies,	larger	nerves	incorporate	
their	own	Iilaments	–	the	nervi	nervorum.	As	such,	noxious	sensory	activation	may	disrupt	
smooth	muscle	tone	within	these	structures.	(115,	116,	117,	118,	119,	120)	

‣ Noxious	activation	of	smooth	muscles	may	inhibit	peristalsis	of	the	hollow	organs	such	as	
the	gastrointestinal	tract	including	sphincters.	Dyspepsia,	gastric	reIlux,	constipation	and	
dysphagia	may	be	symptoms	of	visceral	dysfunction	associated	in	such	visceral	
pathophysiology.	(121,	122,	123,	124,	125,	126,	127,	128,	129,	130,	131,	132,	133,	134,	135,	
136,	137,	138,	139,	140,	140,	142,	143,	144,	145)	

‣ Urinary	dysfunction	may	involve	smooth	muscle	structures	involving	the	bladder	wall,	
sphincter	or	urinary	ducts.	(146,	147,	148,	149)	There	are	over	40	papers	on	the	functional	
conditional	of	enuresis	listed	on	the	Index	to	Chiropractic	Literature.		

‣ Respiration	is	also	dependent	on	optimal	smooth	muscle	function.	(150,	151,	152,	153,	154,	
155)	

‣ Coronary	artery	smooth	muscle	cells	appear	to	have	slightly	different	properties	particularly	
in	respect	of	vascular	repair	compared	to	non-coronary	smooth	muscle	cells.	(23,49,84,156)	
In	further	autonomic	research,	Grimm	and	colleagues	also	found	somatovascular	responses	
involving	the	vasomotor	sympathetic	neurons	and	cardiovascular	modulation	in	a	controlled	
study	of	acute	injury	subjects.	(157)	

	 Tongue	tie	syndrome	appears	to	be	another	cervicogenic	disorder	involving	smooth	muscle,	
one	in	which	chiropractic	manipulative	care	appears	to	attain	positive	outcomes.	(158,	159,	`60,	
161,	162,	163,	164)	
‣ Referred	to	as	intrinsic	and	extrinsic	factors,	these	terms	include	the	ANS	as	well	as	
biochemical	neurotransmitters.	They	integrate	to	act	as	vasoconstrictors,	vasodilators,	and	
as	endothelial	vasomediators.	Walsh	notes	that	vascular	dynamics	are	not	solely	controlled	
neurologically	and	that	biochemical	regulators	including	calcium	ions,	nitric	oxide,	
angiotensin,	bradykinin,	serotonin,	protein	kinases,	and	others,	humoral	factors	also	
inIluence	smooth	muscle	function.	(165,	166,	167,	168,	169,	170)	

	 In	1980,	Wickes	concluded	that	activation	of	spinal	segments	could	be	associated	with	
somatovascular	reIlexes.	Thoracolumbar	spinal	manipulation	appears	to	induce	a	mild	segmental	
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somatosympathetic	reIlex	with	resultant	vasoconstriction	in	the	lower	extremity	vascular	bed.	
(171)		

Somatovascular	
	 Vascular	disturbance	due	to	smooth	muscle	contraction	initiated	by	noxious	activation	of	
somatosensory	and	somatovascular	reIlexes	may	present	as	pathophysiological	symptoms	of	
homeostatic	changes.	(172,	173,	174,	175,	176,	177,	178,	179,	180)	
	 This	aberrant	somato-autonomic	reIlex	stimulation	of	the	contractile	property	of	smooth	
muscle	underlines	its	potential	for	a	localised	or	segmental	ischemic	effect	on	target	structures	
with	possible	changes	to	that	structure’s	function.	The	neuropathophysiology	of	persistent	
smooth	muscle	occlusion	(or	dilation)	resulting	in	altered	neurological	tone,	may	disrupt	
physiological	integrity	of	that	target	structure.	(181,	182,	183,	184,	185)	
	 Kurosawa	noted	that	in	rats,	mechanical	cutaneous	stimulation	can	affect	the	adrenals	and	
noted	‘These	Findings	suggest	that;	the	secretion	of	adrenal	medullary	hormones	can	be	controlled	
reFlexly	by	mechanical	cutaneous	stimulation	through	CNS	via	adrenal	sympathetic	efferent	nerves.’	
A	somatovascular	reIlex	phenomena	is	a	noted	physiological	response.(186,	186,	188,	189,	190,	
191,	192,	193)	
	 Schmorl	and	Junghanns	noted	a	range	of	conditions	associated	with	both	spondylogenic	
visceral	and	spondylogenic	vascular	disturbances	in	their	in	their	highly	referenced	chapter	on	
InefIicient	Motor	Segment	(Intervertebral	InsufIiciency).	(194)	
	 In	addition	Hadley	noted	that	among	other	symptoms	associated	with	a	cervical	syndrome,	
patients	may	experience	diminished	hearing	as	well	as	vasomotor	disturbances.	(195)	
	 Cervicogenic	factors	were	also	noted	in	a	study	of	venous	perfusion	by	Gongal’ski	and	
Prokopovich	in	2005.	Their	study	revealed	a	reIlex	inIluence	on	the	tone	of	cerebral	veins	by	
proprioceptors	of	‘cervical	spine	articular	complexes’.	(36)	

Angiosomes	
	 In	a	similar	way	that	the	body	has	neural	based	myotomes	and	dermatomes,	it	also	has	
angiosomes.	Angiosomes	relate	to	a	three-dimensional	segmental	vascular	distribution	of	the	
skin	and	underlying	muscles	tendons	and	nerves.	(196)	With	the	possible	exception	in	plastic	
surgery	and	dermatology,	this	latter	somite	‘zoning’	of	vascular	territories,	does	not	seem	to	have	
attracted	the	same	degree	of	attention	in	the	way	that	dermatomes	or	myotomes	have.	(197,	198,	
199)	
	 Although	the	concept	was	introduced	in	the	year	2000,	as	recently	as	2012	the	recognition	of	
angiosomes	was	still	regarded	as	a	theory.	Since	that	time	it	has	become	more	widely	recognised,	
particularly	in	relation	to	the	abdominal	and	thoracic	walls,	as	well	as	the	extremities.	(200,	206)	
Brodmann	states	that	the	body	is	divided	up	into	40	angiosomes	and	encompasses	skin,	
subcutaneous	tissue,	fascia,	muscle,	and	bone,	while	Houseman	et	al	include	specialised	organs,	
and	glands.	(207)	
	 Matthew	and	Hausman	explain	that	‘The	concept	of	the	angiosome	was	initially	described	in	the	
cutaneous	blood	supply,	but	has	subsequently	been	shown	to	extend	to	the	underlying	viscera	and	
skeleton.’	They	state	further	that	‘Devascularization	of	these	deeper	structures	is	less	obvious	than	
skin	necrosis,	but	is	known	to	occur’	particularly	in	‘three-dimensional	vascular	anatomy	of	the	
forearm	and	wrist.’	(208)	

Vascular	tone	
	 The	integration	of	the	autonomic	nervous	system	with	the	vascular	is	reIlected	in	the	basic	
tone	of	blood	vessels.	Klabunde	states	that	‘Vascular	tone	refers	to	the	degree	of	constriction	
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experienced	by	a	blood	vessel	relative	to	its	maximally	dilated	state.	All	arterial	and	venous	vessels	
under	basal	conditions	exhibit	some	degree	of	smooth	muscle	contraction	that	determines	the	
diameter,	and	hence	tone,	of	the	vessel…Vascular	tone	at	any	given	time	is	determined	by	the	
balance	of	competing	vasoconstrictor	and	vasodilator	inFluences.’	(209)	Intrinsic	factors	which	can	
inIluence	vascular	tone	include	endothelial	factors,	local	hormones,	and	metabolic	by-products,	
while	extrinsic	neurohumoral	factors	include	angiotensin,	sympathetic	neural	input	as	well	as	a	
range	of	metabolites	and	electrolytes	such	a	potassium.	(210,	211)	
	 Autonomic	tone	consists	of	both	sympathetic	and	parasympathetic	physiological	stimulation	
on	a	wide	variety	of	structures.	(212)	Autonomic	tone	has	been	suggested	as	a	physiological	form	
of	sustained	neural	and	vasomotor	tone.	This	continuous	neural	regulation	of	afferent	and	
efferent	tone	inIluences	regeneration	of	the	body's	resources	and	contributes	to	the	overall	
balance	of	physiological	functions	-	homeostasis.	Noxious	stimulation	of	this	physiological	tone	by	
irritant	somatic	sensory	input	essentially	results	in	aberrant	SAV	reIlexes	and	has	been	shown	to	
inIluence	the	function	of	target	organs.	(12,	17,	213,	214,	215)	
	 The	endothelial	layer	(tunica	intima)	also	plays	a	role	in	vascular	tone	by	regulating	factors	
such	as	transmitters,	hormones	and	platelet	substances.	(216,	217)	Over	30	years	ago,	Burnstock	
stated	that	some	‘sixteen	putative	neurotransmitters	[had]	been	identiFied	in	autonomic	nerves	in	
the	past	few	years,	including	various	monoamines,	polypeptides,	purines	and	amino	acids.’	(56)	As	
humoral	constituents,	their	transport	mode	is	dependent	on	optimal	circulation	and	control	of	
smooth	muscle.	(57)	
	 Recognition	is	acknowledged	on	the	importance	of	skeletal	muscle	tone	and	their	spinal	
afferent	association.	In	1980,	Newman	noted	that	its	function	‘remains	of	great	practical	
importance	to	the	neurologist,	since	alteration	in	the	tone	of	skeletal	muscle	is	a	common	result	of	
pathological	processes	in	human	diseases.’	(218)	
	 Clinically,	the	effects	of	neural	tone	can	be	monitored	relatively	easily	via	cardiovascular	
changes	and	skin	temperature	differentials.	Vainer	suggested	that	changes	in	surface	temperature	
symmetry	‘may	serve	as	an	indicator	of	homeostasis.’	(219)	In	2009,	Manabe	and	colleagues	
developed	another	method	of	evaluating	the	autonomic	nervous	system	through	use	of	a	non-
invasive	Doppler	sonography	measuring	Iingertip	blood	Ilow.	(220)	Some	other	methods	of	
monitoring	perfusion	can	involve	heart	rate	variability,	arterial	blood	pressure,	
photoplethysmography	and	electromyography.	(221,	222,	223)	
	 As	with	neural	tone,	(12,	14)	and	vascular	tone	(15,	211)	is	a	homeostatic	process	under	
autonomic	neural	control.	With	such	integration,	somatosensory	disturbance	may	have	the	
potential	to	disrupt	circulatory	physiology	to	involved	structures	and	consequently	the	function	
of	an	associated	structure.	(224)	

Vasomotor	
	 Vasomotor	tone	is	a	key	neurophysiological	function	regulating	arterial	blood	pressure.	(225)	
It	is	controlled	by	the	respiratory	centre	in	the	medulla	oblongata	and	subsequently	by	the	
sympathetic	branch	of	the	autonomic	nervous	system.	(226)	As	vascular	smooth	muscle	is	
distributed	virtually	throughout	the	neuromuscular	and	visceral	systems,	its	homeostatic	role	is	
signiIicant.	Disturbance	of	neural	tone	as	activated	by	somatovascular	neural	reIlexes	may	have	
the	potential	to	inIluence	the	function	of	structures	supplied	by	those	reIlexes.	(9,	11,	59,	63)	
	 Senzon	has	outlined	the	awareness	of	the	chiropractic	model	of	modiIication	to	vasomotor	
control	through	neural	reIlex	mechanisms,	tonal	adaptability	to	stimuli,	and	inIluence	on	neural	
impulses.	(13,	227,	228)	
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Capillaries	
	 It	is	noted	that	there	are	three	types	of	capillaries	(continuous,	fenestrated,	and	sinusoidal).	
Capillaries	do	not	have	a	tunica	media,	but	as	microcirculation,	their	control	of	circulation	called	
vasomotion,	is	inIluenced	by	chemical	signals.	Arterioles	do	have	a	tunica	media	while	
metarterioles	and	precapillary	sphincters	have	circular	smooth	muscle.	Histologically,	venules	are	
similar	to	arterioles,	but	with	much	thinner	layers	in	the	vessel	walls.	(229,	230)	
	 Mechanoreceptors	in	muscles	involved	in	the	vertebral	subluxation	complex	(VSC)	may	affect	
pressor	reIlexes	and	be	reIlected	in	capillary	and	cardiovascular	circulation.	It	is	submitted	that	
hypertonic	muscles	associated	with	spinal	segmental	mechanical	Iixations	may	lead	to	
somatosensory	reIlex	activation	and	result	in	vasopressor	ischemia	and/or	a	somatopressor	
response	in	the	microcirculation.	This	may	well	classify	the	subluxation	as	more	of	a	complex	
rather	than	just	a	mechanical	disturbance.	(52,	53,	64,	231,	232,	233,	234,	235,	236)	

In=lammation	
	 Kirillova-Woytke	and	colleagues	demonstrated	a	distinct	somatovascular	link	through	
nociceptive	activated	spinal	circuits,	particularly	in	the	presence	of	inIlammation,	namely	an	
inhibition	of	vasoconstriction	with	an	increased	blood	Ilow	to	provide	immunocompetent	cells,	
proteins,	and	oxygen	They	state	that	‘the	nociceptive	afferents	were	excited	by	mechanical	somatic	
stimulation,	albeit	of	the	toes	in	this	research	using	rat	subjects.’	(237,	238)	

Vascular	dysfunction	
	 While	terms	such	as	smooth	muscle	dysfunction,	autonomic	dysfunction	and	vascular	
dysfunction	are	becoming	more	common	as	diagnostic	terms,	the	mechanism	behind	the	
dysfunction	concept	may	at	times	prove	to	be	at	least	partly	if	not	predominantly	a	somato-
autonomic	link.	(102,	239)	
	 The	literature	contains	many	references	to	vascular	dysfunction.	(51,	71,	240)	One	cause	is	
attributed	to	a	vessel’s	response	in	vascular	migraine.	(241)	However	van	der	Velde	and	de	Boer	
also	suggest	that	vessel	wall	endothelial	dysfunction	may	precede	hypertension.	(242)	
	 It	is	suggested	here	that	a	somatic	sensory	factor	in	the	form	of	a	noxious	somato-autonomic	
reIlex	may	have	the	potential	to	be	one	of	the	forms	of	such	a	somatovascular	dysfunction.	A	
primary	source	of	such	sensory	reIlexes	is	the	spine	-	mechanically	disturbed	vertebrae	or	other	
somatic	structure	may	be	a	reasonably	common	form	of	such	dysfunction	from	the	
somatosensory	aberrations.	(243)	Vascular	dysfunction	may	also	involve	the	lymphatic	vessels.	
(62,	244)	
	 A	2018	study	by	Sheng	and	Zhu	notes	the	critical	role	of	the	ANS	in	the	regulation	of	vascular	
wall	contractility	and	tension.	In	potential	supporting	evidence	of	the	concepts	discussed	in	this	
paper,	they	state	further	that	dysfunction	of	the	ANS	system	could	be	a	risk	factor	for	vascular	
diseases	and	the	overactive	sympathetic	nervous	system	is	detrimental	to	the	blood	vessels.	(51)	

Thermography	
	 The	warmth	of	distal	extremities	can	reIlect	the	intensity	of	the	blood	Ilow	(haemodynamics)	
to	that	extremity,	particularly	arterioles	and	capillaries.	Capillaries	carry	some	5%	of	the	total	
blood	volume	so	that	slight	changes	in	temperature	differentials	may	be	monitored.	Two	
emerging	technologies	for	this	utilise	biological	thermocouple	sensory	scans	and	infrared	photo	
imagery.	Both	are	reliant	on	those	temperature	differentials	which	may	also	be	based	on	
somatovascular	reIlexes	through	the	effect	on	smooth	muscle.	Paraspinal	temperature	
differentials	may	also	be	monitored	as	a	means	of	assessing	autonomic	tone	at	a	segmental	level.	
(69,	224,	245,	246,	247,	248,	249,	250)	
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	 The	intention	of	this	discourse	in	particular	is	to	explore	potential	inIluence	of	neurogenic	
lowering	of	vascular	blood	Ilow	on	tissue	at	a	focal	level.	That	is,	the	possibility	of	vascular	
constrictions	associated	with	sympathetic	somatosensory	reIlex	activation.	Sato	et	al	suggest	
vascular	function	may	be	inIluenced	by	an	axonal	reIlex	following	noxious	somatic	afferent	
stimulation.	(50,	85,	116,	117,	122,	127,	136,	141,	145	193,	194,	195,	235,	251)	
	 The	signiIicance	of	perceived	smooth	muscle	innervation	takes	on	further	importance	when	
one	considers	that	virtually	all	biological	structures	have	dual	innervation	-	a	direct	
parasympathetic	and	sympathetic	autonomic	supply,	but	also	a	somewhat	indirect	one	through	
the	vasa	nervorum.	(115,	116,	118,	120,2	52)	
	 A	case-controlled	study	of	cases	with	peripheral	artery	disease	found	that	the	affected	region	
experienced	signiIicantly	improved	circulation	following	osteopathic	manipulation.	While	
Lombardini	et	al	found	that	osteopathic	manipulation	improved	endothelial	function	and	other	
vascular	symptoms.	(193)	
	 Vaňásková	and	colleagues	note	a	somato-autonomic	smooth	muscle	association	with	viscera.	
They	stated	‘It	would	seem	justiFiable	to	assume	that	lesion	in	a	motion	segment	of	the	spinal	
column	may	impair	function	in	the	corresponding	internal	organs.	This	is	borne	out	by	the	
vasomotor	response	in	the	whole	segment	to	which	pain	is	referred.	In	such	cases	we	can	see	the	
disorder	clearing	up	as	soon	as	we	treat	the	motion	segment.’	(141)	
	 A	further	study	by	Karason	and	Drysdale	found	that	a	high	velocity	low	amplitude	(HVLA	)	
osteopathic	lumbosacral	manipulation	produced	a	‘signiFicant	increase	in	cutaneous	blood	Flow	
over	the	L5	dermatome’	bilaterally	in	non-smokers.	Interestingly,	smokers	responded	with	a	
decrease	in	blood	Ilow	bilaterally.	They	also	note	a	visceral	response	is	associated	with	this	
procedure.	(192)	
	 In	further	recognition	of	a	spinal	somatovascular	association,	a	number	of	European	medical	
authors	have	reported	a	vertebrogenic	and	somato-autonomic	association	with	circulation	
including	vasomotor	disorders,	and	plethysmographic	studies.	(31,	32,	33,	34,	35,	36)	

Conclusion	
	 Smooth	muscle	dissemination	is	extensive	throughout	the	body	and	is	subject	to	the	inIluence	
of	the	ANS.	Further,	the	ANS	responds	to	somatosensory	activation.	It	is	then	reasonable	to	
conclude	that	segmental	noxious	somato-autonomic	reIlex	activity	would	have	the	potential	to	
inIluence	ischemic	sites	involving	particular	organs	or	parts	of	organs.	As	such,	addressing	the	
aberrant	SAV	reIlexes	may	play	a	role	in	alleviating	some	internal	dysfunctions	and	symptoms	by	
stabilising	neural	control,	and	subsequently	normalising	or	modifying	the	altered	blood	supply.	
	 The	autonomic	nervous	system	can	inIluence	the	circulatory	dilation	and	constriction	through	
its	effect	on	the	smooth	muscle	layer	in	the	walls	of	blood	vessels.	Input	from	somatosensory/
somatovascular	reIlexes	may	inIluence	those	vascular	properties.	Thus	the	normalising	of	noxious	
sensory	input	may	positively	inIluence	circulatory	changes	and	the	function	of	the	associated	
organs	supplied	by	the	involved	vascular	subdivision(s)	or	angiosome.	
	 The	evidence	suggests	that	somatovascular	interaction	of	smooth	muscle	with	somato-
autonomic	reIlexes	may	be	positively	inIluenced	by	corrective	vertebral	adjustments	of	segmental	
subluxations.	This	intervention	would	be	directed	towards	ameliorating	noxious	somatic	reIlexes	
affecting	pathophysiological	functional	disorders	and	related	symptoms	of	this	somatovascular	
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association.	The	existence	of	angiosomes	may	also	indicate	the	necessity	for	speciIicity	of	such	
vertebral	adjustments.	
	 It	is	hypothesised	that	under	chronic	vasoconstriction,	further	research	may	ultimately	
demonstrate	a	tendency	for	some	predisposed	tissues	to	be	subject	to	developing	symptoms	and	
possibly	visceral	dysfunction.	
	 The	chiropractic,	osteopathic	and	medical	evidence	produced	in	this	review	tends	to	support	
the	chiropractic	subluxation	model	as	a	factor	in	some	dysfunctional	visceral	conditions.	It	is	
noted	that	there	is	a	dearth	of	evidence	to	the	contrary,	yet	anecdotally	these	changes	have	been	
observed	by	practitioners	over	many	years.	It	is	hoped	that	this	paper	will	demonstrate	the	link	
between	these	observations	and	the	possible	source	of	the	changes	noted,	and	that	it	will	serve	to	
establish	that	SMT	is	not	merely	a	musculoskeletal	therapy	but	has	a	far	greater	inIluence	with	
regards	to	the	restoration	of	function	on	many	levels.	
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