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DORSAL	ROOT	GANGLIA	METRICS	IN	PATIENTS	WITH	LUMBAR	RADICULOPATHY	

Chase	Fitch	

ABSTRACT	

Purpose:	We	compared	injected,	assumed	to	be	symptomatic,	and	non-injected,	assumed	to	be	

asymptomatic,	dorsal	root	ganglia	(DRG)	in	patients	receiving	lumbar	facet	and/or	nerve	injections	

using	DTI	MRI	data	and	foraminal	stenosis	(FS)	and	canal	stenosis	(CS)	grades.	

Materials	and	Methods:	Healthy	volunteers	(HVs)	and	patients	receiving	lumbar	facet	and/or	

nerve	block	injections	for	pain	underwent	lumbar	MRIs	including	axial	T2-weighted	fat-water	

separated	FLEX	3D	FSE	and	axial	DTI.		Patients	were	imaged	up	to	a	month	prior	to	injection	and	up	

to	six	months	after	injection.		Processing	included:	DRG	segmentation	(MD.ai),	3D	volume	

(MorphACE),	DTI	(spherical	harmonic	and	Constant	Solid	Angle).	ADC,	FA	and	volume	were	

compared	between	HVs,	asymptomatic	and	symptomatic	DRG	and	correlated	with	stenosis	grades	

using	paired	t-tests.	

Results:	25	patients	and	5	HVs	DTI	scans	were	analyzed	(34	patients	and	10	HVs	for	

volume).		There	was	a	sequential	increase	in	DRG	volume	from	cranial-caudal	L1-S1	in	the	HVs	

(p<0.001).		Symptomatic	DRG	had	higher	FA	than	asymptomatic	DRG	before	injection	(p<0.01)	and	

symptomatic	DRG	FA	decreased	after	injection	(p<0.05)	while	asymptomatic	DRG	FA	slightly	

increased.		Severe	CS	was	associated	with	lower	ADC	than	no	or	mild	CS	(p<0.001).	

Conclusion:	Cranial-caudal	sequential	increase	in	DRG	volume	from	L1-S1,	consistent	with	cadaver	

data,	may	reflect	degree	of	cutaneous	and	muscle	area/volume	innervation.		Symptomatic	DRG	

have	higher	FA	than	asymptomatic	DRG	that	return	to	asymptomatic	levels	after	injection.		This	

could	be	due	to	phospholipase	A2	(PLA2)	inhibition	by	corticoid-steroid	suppressing	nerve	cell	

growth	and	thus	organized	diffusion	alternatively	receptor	inhibition.		Severe	CS	could	cause	

arterial	flow	constriction	leading	to	ischemic	DRG	and	reduced	ADC.	
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BACKGROUND	AND	INTRODUCTION	

Background	

Lumbar	radiculopathy	(LR)	is	defined	as	pain	radiating	down	the	legs	caused	by	

compression	of	nerve	roots	originating	from	the	lumbar	spine	levels	(L1-L5)	causing	

radiating	pain,	shooting	pain,	and	paranesthesia.		This	affects	an	estimated	17	million	

Americans	and	costs	over	100	billion	dollars	per	year	(Mokad,	et	al.	2015).		Nerve	

compression	often	caused	by	both	foraminal	stenosis	(FS)	and	canal	stenosis	(CS)	is	most	

often	caused	by	degenerative	disease	of	the	spine	osteophytic	spurring,	disc	herniation,	

tumor,	infection	or	congenital	scoliosis.		The	lies	in	the	center	of	the	vertebra	and	houses	

the	nerves	of	the	spinal	cord.		The	foramen	are	the	lateral	tunnels	where	nerves	exit	from	

the	canal.		If	either	of	these	spaces	are	constricted,	nerves	may	become	compressed	and	

cause	pain	or	other	symptoms.	

The	most	common	imaging	diagnostic	tests	for	LR	are	X-ray,	CT	scan	and	MRI.	X-ray	

and	CT	scan	can	be	used	to	see	bony	abnormalities	such	as	fractures,	osteoarthritis,	tumor	

or	infection	destruction;	MRI	can	additionally	view	soft	tissue	structures	such	as	disc	

herniation	and	nerve	root	compression.		In	the	typical	clinical	MRI	for	LR,	intravenous	

contrast	is	not	used	and	T1w	SE,	T2w	SE	and	T2w	fat-saturated	SE	are	standard,	however	

limited	to	only	assessing	morphological	degeneration.		Diffusion	tensor	imaging	(DTI)	can	

track	water	proton	diffusion	motion	within	tissue	using	tensors	to	calculate	the	level	and	

direction	of	anisotropy.		Historically,	DTI	has	been	rarely	used	in	the	spine	as	the	small	
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axial	area	of	the	spine	requires	higher	resolution	and	SNR.		However,	increases	in	the	

availability	of	higher	field	magnets,	more	advanced	scanners	and	coils	and	improvement	in	

pulse	sequence	designs	and	image	processing	have	allowed	DTI	of	the	spine.		Two	common	

DTI	metrics	include	fractional	anisotropy	(FA),	measuring	the	degree	of	anisotropy,	and	

apparent	diffusion	coefficient	(ADC),	measuring	the	total	diffusion.	

Certain	metrics	have	been	evaluated	for	lumbar	spine	nerve	DTI.		First,	ADC	and	FA	

values	have	not	been	found	to	depend	on	sex	and	age	(Pierpaoli,	et	al.	1996).		Nerve	FA	

values	were	lower,	and	ADC	values	were	found	higher	in	those	patients	with	disk	

herniation,	edema,	and	scar	reduction	(Eguchi,	et	al.	2016)	while	compressed	lumbosacral	

nerves	were	found	to	have	lower	ADC	and	FA	(Li,	et	al	2016).		Lower	ADC	is	also	found	in	

ischemic	areas	in	nerves	and	areas	of	axonal	loss	and	demyelination.		Another	study	(Li,	et	

al	2019),	found	lumbar	disc	herniation	could	be	diagnosed	with	DTI	in	lateral	nerve	roots	

and	DTI	could	be	used	to	evaluate	the	spine	post-surgery.		FA	and	ADC	have	been	found	to	

correlate	with	the	patient’s	neurological	symptoms	and	ADC	has	additionally	been	found	to	

correlate	with	functional	status;	for	example,	higher	ADC	generally	results	from	more	

edema	in	the	nerve	indicating	more	severe	injury	(Li,	et	al	2019,	Balbi,	et	al.	2011,	Singh,	et	

al.	2022).	

		The	dorsal	root	ganglia	(DRG)	reside	within	the	posterior	spinal	nerve	root	and	

house	the	cell	bodies	of	sensory	neurons.	Situated	within	the	intervertebral	neural	

foramina,	they	serve	as	a	crucial	link	between	peripheral	nerves	and	the	central	nervous	

system,	comprising	the	brain	and	spinal	cord.	DRG	play	a	pivotal	role	in	processing	pain	

signals	and	are	increasingly	targeted	for	interventional	pain	management	including	nerve	

blocks	utilizing	local	anesthetic	injections	to	decrease	propagation	of	pain	signals	in	
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overstimulated	nerves.		In	lumbar	disc	herniation	and/or	stenosis,	the	DRG	of	the	

compressed	nerve	root	can	undergo	edematous	changes	resulting	in	higher	ADC.		Patients	

exhibiting	decreased	ADC,	possibly	indicating	ischemia,	often	experience	limited	

improvement	in	leg	symptoms	following	surgery,	suggesting	a	potential	correlation	

between	DRG	ADC	and	neuronal	plasticity	in	the	lumbar	spine.	

Local	injections,	consisting	of	an	anesthetic	(commonly	bupivacaine)	and	

corticosteroid,	are	given	at	the	expected	radiculopathy	level	to	reduce	inflammation	

through	a	biochemical	process	involving	the	inhibition	of	prostaglandins,	thromboxanes	

and	leukotrienes	production	(Coutinho,	et	al.	2011).		These	injections	result	in	various	

levels	of	pain	reduction	with	some	patients	having	long-term	pain	reducing	effects,	while	

others	show	little	to	no	immediate	effects.		On	average,	patients	have	moderate	immediate	

pain	relief	that	lasts	two	weeks	to	three	months	(Chou,	et	al.	2015).		These	injections	have	

very	low	complication	risk	and	show	no	significant	differing	effects	in	demographics	such	

as	sex,	race,	age,	etc.	(Chou,	et	al.	2015).	

We	predict	that	patient’s	symptomatic	DRG	undergoing	spinal	injection	

interventions	for	lumbar	nerve	compression-related	pain	will	demonstrate	lower	ADC	

diffusion	values	compared	to	healthy	volunteers	(HVs)	and	asymptomatic,	non-injected	

DRG.	This	investigation	aims	to	enhance	our	understanding	of	DTI	metrics	in	DRG	in	

patients	with	lumbar	spine	pain.	

	

Goals	

1. Evaluate	inherent	differences	in	DRGs	-	establish	normal	values	and	variations	
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In	the	HV	group,	find	and	compare	ADC	averages	for	each	DRG’s	level	and	side	(L	vs	R).		Use	

this	data,	if	significance	is	found,	to	make	normative	comparisons	to	compare	different.			

2. Confirm	the	difference	in	DRG	metrics	between	HV	and	patients.	

Most	of	the	literature	supports	that	ADC	and	FA	is	lower	in	compressed	nerves,	but	not	

universally.		The	second	aim	will	compare	HVs’	DRG	to	the	symptomatic	DRG.		In	addition	

to	ADC	and	FA	values,	DRG	volume	will	be	compared.	

3. Compare	the	DRG	metrics	between	symptomatic	DRG	to	asymptomatic	DRG	

regarding	degree	of	FS	and	CS	diagnosis.	

Compression	does	not	always	equate	pain.		We	will	determine	if	diffusion	values	differ	

between	nerves	causing	and	not	causing	radiculopathy	within	individuals	reporting	of	

LR.		This	provides	a	basis	within	individuals	as	ADC,	FA	and	DRG	volume	values	differ	from	

individual	to	individual.		We	will	then	look	at	how	stenosis	impacts	these	values.	

4. Evaluate	the	impact	of	injection	on	diffusion	metrics.	

For	the	patients	with	pre	and	post	injection	images,	compare	metrics	between	the	two	

scans	to	discover	impacts	on	injection	in	injected	vs	non-injected	nerves.	
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METHODS	AND	MATERIALS	

Patients	

Patients	were	recruited	from	individuals	receiving	lumbar	anesthetic/steroid	

injections	at	University	of	California,	San	Francisco	(UCSF)	for	lumbar	spine	

pain.		Injections	were	given	by	UCSF	physicians	and	consisted	of	bupivacaine	and	

corticosteroid.		Patients	were	excluded	if	they	had	tumor,	infection,	congenital	deformity	or	

hardware	resulting	in	extensive	artifact	obscuring	the	lumbar	vertebrae.		Patients	were	

also	excluded	if	they	were	pregnant,	claustrophobic	or	their	scans	could	not	be	

completed.		In	addition	to	imaging,	patients	were	physically	examined	by	UCSF	

neurologists,	surgeons	or	their	physician	assistants	(PAs)	to	determine	potential	lumbar	

levels	causing	LR.		Some	patients	also	underwent	electromyography	(EMG)	studies.		Pain	

scores	were	reported	by	the	patient	prior	immediately	before	and	after	the	injection	from	0	

to	10.		Pain	difference	was	calculated	from	before	minus	after	pain	score.		Mild	pain	

difference	was	considered	1	to	3	and	severe	pain	difference	was	considered	4-10.	

FS	and	CS	were	diagnosed	by	the	injecting	physician	or	by	Cynthia	Chin	MD.		The	FS	

grade	was	marked	as	affecting	the	level	and	side	it	was	diagnosed	at;	however,	the	CS	grade	

was	marked	as	affecting	the	DRG	bilaterally,	one	level	below	(ex:	L4	CS	affects	the	right	and	

left	L5	DRG).		DRG	were	labeled	symptomatic	if	they	received	an	injection	at	that	side	and	

level	and	other	DRG	were	labeled	asymptomatic.			For	facet	injections,	only	the	more	

cranial	DRG	was	considered	injected.	
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MRI	Scan	Parameters	

MRIs	were	acquired	with	various	parameters	and	locations.		All	images	were	

acquired	on	the	General	Electric	3T	scanner	at	the	China	Basin	clinic.		A	coronal	T2-

weighted	Cube	FLEX	and	an	axial	DTI	of	the	lumbar	spine	(from	T12	through	the	sacral	

spine)	were	acquired.		The	lumbar	DTIs	utilized	16	diffusion	directions.		For	patients,	

images	were	acquired	up	to	3	months	before	injection	and	between	1	and	3	months	after	

injection.	

The	axial	Cube	Flex	(3D	fast	spin	echo	with	Dixon-based	fat	water	separation)	was	

prescribed	with	1.2	mm	isotropic	resolution,	36	x	25.2	cm2	in-plane	FOV,	and	300	slices	in	

the	axial	orientation,	with	other	imaging	parameters	of	2500	ms	TR,	70-80	ms	TE,	±166.7	

kHz	readout	bandwidth,	and	100	echo	train	length.	These	images	were	reformatted	to	

allow	for	coronal	slice	view	and	segmentation.	

The	DTI	sequence	used	2D	fat-suppressed	single-shot	spin-echo	echo-planar	

imaging	with	32	x25.6	cm2	field	of	view,	64x80	matrix	size,	3	cm	slice	thickness,	118	slices,	

9000	ms	TR,	45	ms	TE,	b-value	of	600	s/m2,	and	16	diffusion	directions.	

	

Image	Segmentation	

DRG	were	manually	annotated	by	me	and	other	trained	researchers	on	Cube	FLEX	

and	DTI	images	respectively	on	MD.ai;	the	annotations	reviewed	by	Cynthia	Chin	MD.		DRG	

DTI	images	were	annotated	bilaterally	from	the	L1-L5	levels	and	Cube	FLEX	were	

annotated	at	every	visible	DRG	from	L1-S1.	
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Figure	1.	MD.ai	Segmentation	
MD.ai	segmentation	view	of	a	healthy	volunteer	(HV).	
	

DRG	Volume	

	 A	seed	ROI	on	2D	DRG	segmentations	were	taken	from	MD.ai	on	a	single	reformat	

coronal	T2	FLEX	slice	and	morphological	snake	region	growing	was	used	to	extract	a	3D	

volume	using	Morphological	Active	Contours	without	Edges	(MorphACE	from	scikit-image)	

(Chan	&	Vese,	2001).		This	program	is	a	fast,	reliable	semi-automated	morphological	snake	

region	growing	algorithm	using	relative	differences	thresholds	(Figure	1).	
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Figure	2.	Semi-Automated	Segmentation	
Developed	semi-automatic	DRG	segmentation	incorporating	morphological	snake	
techniques	in	the	coronal	plane.		Figure	courtesy	Misung	Han	and	Felix	Liu	ISMRM	2024.	

	

DTI	Metrics	

	 MD.ai	data	was	downloaded	with	annotations	in	JSON	format	and	images	in	DICOM	

format	and	processed	in	python,	dcm2niix	and	DIPY.		DICOMs	were	converted	into	NIFTI	

files	and	JSON	annotations	were	converted	to	binary	mask	volumes	and	applied	to	NIFTI	

images.		Using	spherical	harmonics	and	Constant	Solid	Angle	(CAS),	a	Q-ball	modeling	

method,	DTI	volumes	were	constructed	into	diffusion	maps	in	a	methodology	modeled	

after	Aganji,	et	al.	(2010).		FA	and	ADC	values	were	calculated	from	the	masked	areas	by	

using	DIPY	to	probabilistically	determine	fiber	tracts	and	extracting	DTI	values	from	even	

spatial	intervals	along	fiber	tracts.		If	present	in	the	DRG	volume,	these	values	were	

included	and	averaged.	
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Statistics	

We	ran	a	two-tailed	t-test	to	calculate	Pearson’s	correlations	between	different	

groups	to	check	for	significance	difference	between	volume,	ADC	or	FA	comparisons.		To	

test	the	correspondence	between	FS	and	CS,	a	chi-squared	analysis	was	used	with	expected	

values	being	calculated	by	multiplying	the	number	of	FS	by	the	number	of	CS	for	the	

respective	diagnosis	level	and	dividing	the	product	by	the	total	number	of	DRG	diagnosed.		

All	error	bars	used	standard	error	(STE)	for	graphs.		No	standardization	was	needed	for	

side	or	lumbar	level.	
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RESULTS	

Patients	

34	patients	and	10	HVs	controls	imaged	and	processed	for	volume	data;	25	patients	

and	5	HV	had	DTI	scans	(Figure	3).		6	patients	had	before	and	after	injection	scans.		68%	of	

patients	were	female;	the	average	age	was	64.1	and	the	range	was	21-91.		49	patients	were	

originally	recruited.		7	withdrew	from	the	study,	8	were	scanned	on	a	different	scanner	that	

couldn’t	be	processed	and	9	had	issues	in	DTI	processing.		Of	the	25	patients,	13	had	facet	

injections,	9	had	nerve	blocks,	and	3	had	both.		80%	of	patients	had	either	L4	or	L5	treated	

and	was	the	most	common	level;	every	level	was	treated	at	least	once.			

	

Image	Segmentation	

Certain	DRG	were	not	visible	due	to	hardware	artifacts,	or	not	included	in	the	

imaging	volume.		Additionally,	the	L1	and	L2	levels	occasionally	were	at	the	periphery	of	

the	window	and	did	not	have	enough	contrast	from	background	to	find	the	DRG.		This	was	

not	the	case	when	L1	or	L2	radiculopathy	was	expected	respectively.	

	

DRG	Volume	

	 HV	volume	significantly	increased	as	the	lumbar	level	became	more	caudal	from	L1	

to	S1;	HV	volume	did	not	significantly	differ	between	left	and	right	DRG	(Figure	4).		

Absolute	DRG	volume	did	not	differ	significantly.		Using	DRG	volume	as	a	fraction	of	the	S1	

volume	to	correct	for	patient	size,	every	level	was	significant	from	the	next	at	the	p<0.0001	

level.		There	were	no	significant	differences	between	patient	and	HV	volume.	
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Figure	3.	Recruitment	flowchart.	
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Figure	4.	Volunteer	Volume	
HV	volume	(n=10	people)	for	vertebral	level	and	side.		Each	vertebral	level	volume	was	
significant	at	the	p<0.0001	level	compared	to	any	other	(when	calculated	as	a	ratio	to	
account	for	subject	size)	while	the	side	differences	had	no	significant	difference.	
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DTI	Metrics	

Establishing	Normative	Values	

	 DTI	metrics	were	acquired	(HV	n=5	people	and	patient	n=25	people).		Comparing	

vertebral	levels	in	the	HVs,	DRG	had	no	significant	ADC	or	FA	differences,	however	ADC	

values	were	found	to	decrease	cranially	to	caudally	(Figure	5).		There	were	no	significance	

differences	comparing	left	and	right	in	ADC	or	FA.		

	

Figure	5.	ADC/FA	by	Vertebral	Level	
ADC	and	FA	differences	between	vertebral	levels	(L1-L5)	in	healthy	volunteers	(HVs).		
There	were	no	significant	differences.	
	

Comparing	Different	Cohorts	

	 There	were	no	significant	differences	between	HV	and	patients	in	the	aggregate	ADC	

or	FA.		The	pre-scan	asymptomatic	DRG	were	found	to	have	significantly	lower	FA	than	the	

HV	DRG	(p<0.05),	the	post-scan	symptomatic	DRG	(p<0.01),	and	the	pre-scan	symptomatic	

DRG	(p<0.05)	(Figure	6).	
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Figure	6.	ADC/FA	by	Injection	Status	
ADC	and	FA	comparisons	between	DRG	cohort	before	and	after	injection.		Asymptomatic	
FA	was	significantly	lower	than	the	HV	(p<0.05),	asymptomatic	post-injection	(p<0.01)	and	
symptomatic	pre-injection	(p<0.05).	
	

Pre	vs	Post	Injection	

	 There	were	no	significant	differences	in	ADC	between	symptomatic	and	

asymptomatic	DRG	before	and	after	injection.		The	symptomatic	DRG	were	found	to	have	

significantly	higher	FA	before	injection	compared	to	the	asymptomatic	DRG	before	

injection	(p<0.01)	and	the	symptomatic	DRG	after	injection	(p<0.05)	(Figure	7).		There	

were	no	significant	differences	between	injection	type	or	pain	score	difference.	
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Figure	7.	ADC/FA	Pre	vs	Post	Injection	
ADC	and	FA	values	of	patients	with	both	pre	and	post	injection.		FA	of	pre-injection	
symptomatic	DRG	was	significantly	higher	than	pre-injection	asymptomatic	DRG	(p<0.01)	
and	post-injection	symptomatic	DRG	(p<0.05).		There	were	no	significant	ADC	differences.	
	

Stenosis	

	 Stenosis	grades	were	recorded	centrally	for	CS	and	bilaterally	for	FS	(Table	1).		

44%	of	patients	had	severe	FS	(median:	2	severe	foramen)	and	32%	had	severe	CS	

(median:	1	severe	canal).		A	chi-squared	analysis	showed	FS	and	CS	were	positively	

correlated	at	the	p<0.001	level.		In	DRG	with	severe	CS,	ADC	was	significantly	lower	than	no	

(normal)	and	mild	CS	(p<0.001);	there	were	no	significant	trends	found	for	FA	by	FS	or	CS	

grade	or	ADC	by	FS	grade	(Figure	8).	
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Table	1.	Foraminal	and	Canal	Stenosis	Count	

	

	

	

Figure	8.	ADC/FA	by	Stenosis	Grade	
ADC	and	FA	averages	by	FS	and	CS	grade.		Severe	CS	ADC	was	significantly	lower	than	
normal	and	mild	CS	ADC	(p<0.001).	

Foraminal Stenosis →
Canal Stenosis ↓ mild moderate normal severe Grand Total
mild 32 10 8 6 56
moderate 13 4 5 4 26
normal 39 5 90 10 144
severe 7 6 6 5 24
Grand Total 91 25 109 25 250
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DISCUSSION	

DRG	volume	trends	are	consistent	with	cadaver	data	(Haberburger,	et	al.	2019);	

DRG	volume	increased,	cranially	to	caudally,	from	L1	to	S1.		It	is	unclear	how	the	size	of	the	

DRG	impacts	diffusion	as	we	did	not	find	any	trends.		This	could	be	due	to	our	small	HV	

group	size.		I	would	imagine	if	there	were	any	trends,	they	would	have	little	impact	that	

would	not	be	explained	by	other	variables.		In	future	studies,	we	plan	to	improve	

processing	efficiency	and	apply	to	more	patient	data	sets	to	increase	sample	size.	

We	found	no	significant	differences	comparing	HV,	symptomatic	and	asymptomatic	

DRG.		Symptomatic	nerves	were	found	to	have	higher	FA	than	asymptomatic	nerves	before	

injection.		The	FA	of	the	symptomatic	nerves	was	found	to	drop	after	injection.		This	finding	

goes	against	prior	literature.		It	is	presumed	that	increased	damage	leads	pain	and	this	pain	

is	associated	with	axonal	loss	and	demyelination	which	would	have	less	FA.		Higher	FA	of	

asymptomatic	nerves	is	odd	and	not	trivial	to	explain.		A	small	component	of	this	is	due	less	

total	diffusion	(seen	in	ADC	graph	in	Figure	7)	that	likely	has	an	ischemic	origin,	but	this	

does	not	explain	all	the	variance.		Injections	have	also	been	found	to	decrease	FA	in	the	

injected	nerves	while	not	affecting	the	non-injected	nerves.		Again,	part	but	not	all	the	

variance	is	explained	by	total	diffusion	(seen	in	ADC	graph	in	Figure	7),	but	more	

explanation	is	needed.			The	post	scans	were	around	three	months	after	injection	where	

only	the	corticosteroid	should	have	impact.			Corticosteroid	can	decrease	surrounding	non-

nerve	tissue	edema,	which	is	often	reversely	correlated	with	nerve	edema	(McKay	&	

Cidlowski).		The	corticosteroid	could	impact	the	receptors	between	neurons	impacting	

fluid	flow	or	down	regulates	PLA2	activity	(Carassiti	et	al	2021)	causing	less	cell	growth	

(Sun,	et	al.	2021).		Fewer	cells	may	have	less	organized	fluid	flow	between	them.		An	
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alternative	theory	is	there	is	over-healing.		In	an	animal	model	of	injured	nerves,	nuclear	

clefting,	nuclear	pores,	mitochondrial	volumes	and	lysosomal	volumes	were	increased	

compared	to	controls.		This	results	in	an	increase	in	the	number	of	pores	that	protons	can	

travel	through	in	the	neuron,	thus	increasing	FA	(Kobayshi	S,	et	al.	2004).		It	is	possible	that	

this	is	occurring	in	human	patients.	

Supported	by	previous	literature	(Kanematsu	R,	et	al.	2021),	L4	and	L5	were	the	

most	injected	levels	and	the	levels	with	the	most	FS	and	CS.		FS	and	CS	were	also	found	to	

correlate	with	injected	level.		It	is	likely	that	any	kind	of	damage,	FS	or	CS,	causes	worse	

stenosis	in	the	canal	and	foramina.		Alternatively,	any	type	of	injury	or	degeneration	causes	

damage	to	both	the	foramina	and	canal.		CS	grade	was	found	to	negatively	correlate	with	

ADC.		In	a	canine	study,	CS	was	shown	to	compress	arterial	blood	supply	while	FS	was	

shown	to	congest	the	venous	blood	supply	(Kobayashi	S,	et	al.	2008).		It	is	possible	that	the	

ADC	in	patients	with	CS	resulted	from	the	compression	of	the	arterial	blood	supply	causing	

ischemia.		In	future	studies,	we	plan	to	use	a	numeric	CS	parameter,	the	quotient	of	the	

canal	diameter	over	the	disc	diameter	plus	canal	diameter,	to	provide	a	quantitative	metric.		

Along	with	increased	sample	size,	this	trend	can	be	better	investigated	and	potentially	

related	CS	and	FS	to	FA	as	well	as	ADC	for	FS.	

In	the	future,	we	would	also	like	to	see	how	pain	score	changes	relate	to	the	changes	

in	ADC	and	FA	post	injection	in	a	larger	pre	vs	post	injection	data	set.		We	would	also	like	to	

get	the	weight,	height,	age,	sex	and	race	data	for	controls	to	evaluate	these	parameters.		

Size	of	DRG	may	influence	ADC	as	more	caudal	DRG	were	larger	and	had	less	ADC,	thus	

body	size,	relating	to	weight,	height	and	sex,	could	be	different	and	require	standardization	

to	accurately	compare	different	DRG	between	and	within	individuals.		Finally,	we	would	
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like	to	investigate	the	brain	PET-MRI	data	associated	with	many	of	these	patients.		These	

scans	are	already	acquired	and	could	relate	to	the	pain	scores	of	the	individuals.	
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