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Introduction:		
There	is	a	recognized	need	for	accurate	and	available	prognostic	variables	to	determine	potential	for	recovery	
of	ambulation	after	a	person	has	a	sustained	a	spinal	cord	injury	(SCI).		A	number	of		variables	hold	predictive	
relationships	 with	 ambulation	 potential	 after	 SCI,	 including	 time	 required	 for	 surgical	 decompression,1	 sex	
assigned	at	birth,2	age,3-5	severity	of	injury,3,5-8	American	Spinal	Injury	Association	Impairment	Scale	(AIS),3,5,8,10,	
and	 lower	extremity	motor	return	as	assessed	by	 International	Standard	 for	 the	Classification	of	Spinal	Cord	
Injury	(ISNCSCI)	examination.7,11-14	Questions	remain	about	how	to	best	predict	functional	walking	recovery	after	
SCI	 in	 the	 clinical	 setting.	 Improving	 accurate	 prediction	 of	 ambulation	 would	 facilitate	 tailored	 and	
individualized	therapy	protocols	for	each	patient.	This	knowledge	can	also	aid	in	anticipating	equipment	needs,	
level	of	attendant	care,	and	potential	home	modifications	upon	discharge	from	rehabilitation	and	into	the	future.		
		
Studies	that	group	predictive	variables	 for	ambulation	post-SCI	have	been	published.5,15	 In	2011,	a	study	 from	
van	Middendorp,	et	al	(researchers	in	Europe)	created	a	clinical	prediction	rule	(CPR)	for	ambulation	prognosis	
in	SCI.16	This	study	not	only	combined	many	of	the	reported	variables	into	one	CPR,	but	also	used	an	established	
SCI	outcome	measure	(Spinal	Cord	Independence	Measure)	to	define	independent	ambulation.16	
		
For	the	past	decade,	much	of	the	research	on	ambulation	prognosis	after	SCI	has	been	focused	on	the	study	and	
refinement	of	the	van	Middendorp-based	CPR.17-22	It	is	valuable	to	evaluate	clinicians’	current	ability	to	predict	
functional	walking	by	assessing	data	from	the	last	10	years	since	the	CPR	has	been	available.	(2011	to	2021).		
		
The	purpose	of	 this	narrative	 review	 is	 to	 summarize	 the	 current	 state	of	 ambulation	prognosis	 after	 SCI	 to	
inform	physical	therapist	practice.			
	 
Objectives:	 



1. Describe	the	understanding	of	 the	potential	 to	predict	ambulation	potential	 following	SCI	prior	 to	
2011.			

2. Describe	the	current	state	of	the	research	within	the	past	10	years	(2011-2021)	in	the	prediction	of	
ambulation	potential	following	SCI.			

3. Describe	contributions	that	advanced	imaging	may	provide	in	understanding	ambulation	potential	
after	SCI.			

 
Target	Audience	 
The	primary	target	audience	for	this	Current	State	of	the	Research	paper	is	physical	therapists	and	other	clinicians	
working	with	individuals	who	have	sustained	spinal	cord	injury.		 
	 
Brief	Summary:		 
Determining	functional	ambulation	prognosis	following	SCI	is	a	difficult	task	for	clinicians.23	Previously	published	
literature	 focused	 on	 1-2	 variables	 to	 determine	 which	 patients	 may	 ambulate	 again,	 but	these	 studies	
did	not	exhaustively	capture	characteristics	that	would	make	a	return	to	walking	most	likely.3-9,11-15,24-30	In	2011,	a	
CPR	was	created	that	aimed	to	help	clinicians	determine	ambulation	prognosis.16	For	the	past	ten	years	this	CPR	
has	been	both	accepted	and	challenged.17-22	Recent	research	suggests	that	while	it	is	useful,	it	lacks	the	optimal	
capability	to	predict	return	to	ambulation	for	those	individuals	in	the	middle	of	the	injury	severity	spectrum	(i.e.	
AIS	B	and	C).20-21		In	our	opinion,	there	is	presently	no	best	single	measure	that	can	optimally	be	used	for	post-SCI	
ambulation	prognosis.	Physical	therapists	working	with	this	patient	population	will	need	to	continue	to	rely	on	
multiple	prognostic	tools	(old	and	new),	interdisciplinary	communication,	and	clinical	judgement	to	determine	
if	functional	walking	is	a	realistic	outcome.	
 
Objective	1:	Describe	understanding	of	ambulation	potential	following	SCI	up	to	2011.		 
	 
Findings	prior	to	2011:	 
	 
Prior	to	2011,	there	was	a	commonality	across	studies	regarding	variables	that	were	most	 likely	to	predict	a	
return	to	walking	post-SCI.	Below	is	a	review	of	those	variables.	 
	 
Age:		 
The	older	 an	 individual	 is	 at	 the	 time	of	 sustaining	 a	 spinal	 cord	 injury,	 the	 less	 likely	 they	 are	 to	 return	 to	
walking.3-5	Previous	 research	reported	that	increased	 age	 not	 only	 negatively	 impacted	 one’s	 chances	
of	functional	recovery,	but	also	long-term	survival	post-injury.25-26,28	When	compared	to	younger	people	who	have	
similar	 motor/sensory	presentation,	the	 older	 SCI	 population	tends	 to	 have	 less	functional	motor	
return.3,5,25,28	This	includes	the	likelihood	of	ambulation	recovery.3-5	
	 
While	 aging	 has	 consistently	 been	 found	 to	 be	 a	 barrier	 to	 optimal	 functional	 gains	 post-SCI,	 the	 cut-off	
age	for	decreased	 success	 is	 not	agreed	upon.	The	2011	CPR	used	65	years	 as	a	marker,16	 but	 earlier	 studies	
focused	on	50	years	as	the	point	where	age	became	a	negative	prognostic	factor	for	a	return	to	walking.3,5	This	
discrepancy,	along	with	the	knowledge	that	each	SCI	and	each	individual	is	different,	is	a	reminder	that	age	alone	
does	not	determine	ambulation	prognosis.	Future	research	in	this	area	is	certainly	warranted.		 
	 
Spared	Sensation	Type:	 
Of	the	5	variables	making	up	the	2011	CPR,	two	of	them	focus	on	the	sparing	of	light	touch	for	predicting	walking	
recovery	 (see	 Figure	 1).16	 Prior	 to	 2011,	 however,	the	sparing	 of	 pin-prick	 sensation	 was	 associated	 with	a	
greater	prognosis	for	functional	motor	return.9,14,30	This	is	theoretically	due	to	the	anatomical	proximity	of	the	
lateral	 spinothalamic	and	 corticospinal	tracts.9	 Research	 on	 individuals	 with	 motor	 complete/sensory	
incomplete	injuries	demonstrated	an	increased	likelihood	of	a	return	to	walking	within	a	year	if	sacral	and	lower	
extremity	 pinprick	 sensation	 was	 preserved	one-month	post-injury.9,14,30	Clinicians	 should	 be	 aware	 that	the	
absence	of	pinprick	sensation	could	be	an	indicator	for	limited	long-term	motor	return.		 
	 
Motor	Complete	vs	Motor	Incomplete:	 
This	 section	 is	 not	 simply	 an	 acknowledgment	 of	 the	chance	 of	 returning	to	 ambulation	 based	 on	 Frankel	
or	AIS	classification.3,5,8-10	It	also	includes	research	focusing	on	specific	characteristics	that	both	signal	a	greater	
chance	of	return	to	walking	and	place	an	individual	into	the	“motor	incomplete”	category.	The	most	prominent	
of	these	characteristics	is	lower	extremity	motor	return.	 
	 



Studies	vary	on	 the	 amount	 of	 motor	 return	 required	 to	 indicate	 a	positive	independent	walking	
prognosis.	Lower	extremity	motor	scores	(LEMS)	ranging	from	10-30,	(lower	scores	associated	with	return	to	
walking	 requiring	assistive	devices/orthotics	and	 higher	 scores	 associated	 with	 independent	 community	
ambulation)	were	 found	 to	 be	 impactful	 in	 determining	 who	is	going	 to	 walk	 again.7,13-14	Additional	 findings	
suggest	that	knee	extension	and/or	hip	flexor	strength	≥2/5	(one	study	3/5)	within	two	months	from	time	of	
injury	improve	chances	of	walking	within	a	year.7,11-12	
	 
While	 it	makes	 sense	 that	 increased	 lower	 extremity	motor	 return	 indicates	 a	 greater	 chance	 of	 	 return	 to	
walking,	 	 these	 early	 studies	differed	 on	 the	 optimal	timepoint	 for	predictive	 baseline	 testing.	Within	 these	
studies,	baseline	testing	used	to	predict	ambulation	potential	occurred	from	72	hours	to	6+	months	after	 the	
initial	SCI.7,11-14	
	 
Injury	Classification:	 
Both	 anatomical	 level	 of	 injury	and	injury	 severity	as	 ambulation	 predictors	were	 reported	prior	 to	 2011.3,5-
8	Studies	found	that	injury	 levels	above	 T9	 in	 individuals	with	 complete	 paraplegia	 are	a	 poor	 prognosis	 for	
return	to	walking.6	Complete	injuries	at	T12	and	below,	as	well	as	incomplete	cervical	injuries	improved	chances	
of	 ambulation.3,6-7	 Regarding	 injury	 severity,	several	retrospective	studies	showed	the	 less	 severe	
the	initial	injury	classification,	the	greater	the	chance	of	walking	1	year	post	SCI.3,5,8	 
	 
While	some	individuals’	injury	classifications	convert	from	motor	complete	to	motor	incomplete	status	(i.e.	AIS	
A/B	 to	 AIS	 C/D),	conversion-to-motor-incomplete	 as	 a	 sole	 variable	 is	 not	 a	 strong	predictor	 for	 a	return	
to	functional	ambulation.31-33	
		 
Highlighted	in	this	prior	research,	that	is	still	an	important	issue	today,	is	the	difficulty	in	predicting	ambulation	
recovery	 for	patients	 with	tetraplegia	classified	 with	an	AIS	C	injury.3,5	 These	 studies	 suggest	 that	 with	 this	
patient	subgroup,	one	should	not	only	consider	injury	severity,	but	include	other	predictive	factors	such	as	age	
and	rehabilitation	start	time.3,5	Indeed,	individuals	with	AIS	C	injuries	often	do	not	return	to	walking	by	discharge	
from	acute	inpatient	rehabilitation	with	same	success	rate	as	patients	with	AIS	D	injuries.5	
			 
In	summary,	prior	to	2011,	work	was	done	to	determine	building	blocks	for	predicting	a	return	to	walking	post-
SCI.	It	became	evident	that	key	variables	exist	to	determine	if	someone	is	going	to	walk	again.	In	2011,	the	van	
Middendorp	CPR	(Figure	1)	concluded	that	optimal	variables	for	prediction	included	age,	lower	extremity	motor	
scores	(L3	and	S1),	and	lower	extremity	light	touch	sensation	(L3	and	S1).16		 
	 
Figure 1: CPR variables for Ambulation Prognosis after traumatic SCI (adapted from Van Middendorp 2011)16  

  
  
Were	 these	 findings	 accurate?	Was	 the	 van	Middendorp	CPR	useful	in	improving	 clinicians’	 confidence	
with	ambulation	prognostication	post-SCI?		 
	 
Objective	 2:	Describe	 the	 current	 state	 of	 the	 research	 within	 the	 past	 10	 years	 (2011	 –	 2021)	 in	 ambulation	
potential	following	SCI.	 
	 
Findings	after	2011:	 



Some	studies	post-2011	continued	to	look	at	specific	predictive	variables	such	as	age	or	pin-prick	sensation.33-34	
Many	studies,	however,	focused	solely	on	prognostic	variables	for	a	return	to	ambulation	centered	around	either	
validating	or	simplifying	the	2011	CPR.17-22	 
	 
Validation:	 
Between	2013	 and	 2020,	 multiple	 studies	 looked	 to	 validate	 the	 2011	 CPR.		Researchers	in	 the	 United	
States,	Canada,	and	Australia	attempted	to	assess	the	predictive	success	of	the	van	Middendorp	European	study	
by	 applying	 it	 to	 their	 own	 cohorts.17-21	While	 some	 researchers	 found	the	 CPR	 to	 be	 generalizable	 in	 North	
America,	others	found	discrepancies.17-21 
	 
In	 2016,	an	 Australian	 research	 group	found	 similarities	 between	 their	data	and	 the	findings	from	 the	
European	team	in	2011.18	They	also	found	other	variables	of	significance,	including	severity	of	injury	and	length	
of	 stay	 in	 the	 ICU.	Notably,	when	 removing	 the	 data	 from	individuals	 who	died	 before	 discharge,	 this	
team	found	that	older	patients	were	able	to	walk	again	at	an	even	higher	rate	than	younger	individuals.	These	
authors	suggested	further	investigation	of	the	2011	CPR	model.18	 
	 
In	2019,	the	van	Middendorp	CPR	was	used	to	predict	walking	in	individuals	with	non-traumatic	SCI.19	Studies	
from	2001	suggested	 that	 those	with	non-traumatic	 injuries	 recover	 function	similar	 to,	but	not	as	 robust	as	
those	individuals	with	traumatic	SCI.35	When	using	the	CPR	as	a	prognostic	tool,	this	group	concluded	that	the	
CPR	succeeded	in	predicting	who	would	not	walk			following	non-traumatic	SCI	but	showed	limited	accuracy	in	
predicting	 those	who	would	walk,	 particularly	 those	with	motor	 incomplete	 injury.19	These	 findings	 indicate	
potential	problems	in	applying	the	van	Middendorp	CPR	across	injury	etiologies.	 
	 
Interesting	findings	came	from	two	studies	in	2019	and	2020	that	demonstrated	limited	predictive	accuracy	of	
the	van	Middendorp	CPR	 when	considering	the	 middle	 AIS	 classifications.20-21	Specifically,	 the	 van	
Middendorp	CPR	demonstrated	reduced	ability	to	predict	walking	for	 individuals	with	AIS	B	or	C	severities	 in	
comparison	 to	 those	 with	 AIS	 A	 or	 D.	 This	 can	 be	 viewed	 as	 disappointing,	 given	 the	 idea	 that	 an	 optimal	
prognostic	tool	should	have	the	greatest	clinical	utility	predicting	future	ambulation	status	for	AIS	B	and	C	levels	
of	severity,	as	it	is	in	this	mid-severity	group	that	outcome	is	most	unclear.	One	of	these	studies	also	reported	
reduced	accuracy	with	prognosis	prediction	for	older	individuals	and	suggested	dropping	the	age	from	65	to	50	
years	old.21	 
	 
Simplification:		 
In	2017,	amidst	other	validation	studies,17-21	Hicks,	et	al	attempted	to	simplify	the	5	variable	CPR	by	consolidating	
into	3	 variables	 (Age,	 L3	 motor,	 and	 S1	 light	 touch).22	Statistical	 analyses	 revealed	 that	 this	 model	
demonstrated	similar	psychometric	 properties	to	the	 2011	 study,	 despite	 using	 a	 different	 outcome	measure	
(Functional	Independence	Measure	vs	SCIM).	Nevertheless,	while	creating	a	more	simplified	tool	for	clinicians,	
the	paring	down	of	the	2011	CPR	did	not	address	its	limited	predictive	ability	with	AIS	B	and	C	injuries.	
	
Defining	“independent	ambulation”:	
The	 Hicks	 CPR	 also	 highlights	 another	 concern	 regarding	 walking	 prognosis.	 The	 use	 of	 the	 Functional	
Independence	measure	 (FIM)	as	opposed	 to	 the	SCIM,	while	valid,	 creates	obscurity	 in	defining	 independent	
ambulation.	The	simplified	Hicks	CPR	focused	on	level	of	assistance	(e.g.	Modified	Independence	and	Complete	
Independence)	 to	define	successful	ambulation	recovery,	but	also	 included	 those	 that	use	a	wheelchair	part-
time.22	The	van	Middendorp	study	focused	primarily	on	independence	with	indoor	ambulation	but	one	major	
critique	is	that	they	included	a	4/8	on	the	indoor	mobility	portion	of	the	SCIM	in	their	definition	of	independent	
walking,	which	is	arguably	not	functional	in	the	community	(Walks	with	a	walking	frame	or	crutches	(swing)).16	
Perhaps	the	most	ideal	way	to	define	independent	ambulation	is	found	in	a	paper	published	in	2021	where	the	
authors	chose	item	14	on	the	SCIM	(outdoor	mobility	>	100	meters)	at	one-year	after	SCI.36	This	group	used	a	
cutoff	score	of	6	or	greater	(walking	with	one	cane,	leg	orthosis	only,	or	walking	without	assistive	devices)	and	
found	L3	and	L5	motor	+	S1	light	touch	as	optimal	predictors.36	Indeed,	the	lack	of	clarity	in	a	consistent	definition	
of		independent	ambulation	highlights	potential	issues	in	clinical	implementation	of	these	CPR	tools.		
	
Naturally,	research	has	led	to	more	questions	when	it	comes	to	SCI	walking	prognosis.	While	having	tools	at	a	
clinicians’	exposure	may	assist	in	the	process	of	predicting	future	walking,	clinicians	must	also	use	their	clinical	
judgement.23	This	 is	especially	 true	for	those	 individuals	with	sensory	complete	 injuries	 that	likely	have	more	
potential	 than	these	original	 and	modified	 CPRs	suggest,	 as	well	 as	 those	 individuals	with	motor	 incomplete	
injuries	who	have	other	factors	impeding	their	ability	to	return	to	walking	despite	substantially	recovered	lower	
extremity	 motor	 function.	It	 is	 also	 worthwhile	 exploring	other	 avenues	that	 might	 help	the	 healthcare	



team	identify	 the	 potential	 for	spinal	 cord	 injury	walking	 recovery.	Thus,	 this	 paper	 also	 aims	 to	 summarize	
imaging	findings	that	may	be	useful	for	prognosis.	 
	 
Objective	3:	Describe	contributions	that	imaging	may	provide	in	understanding	ambulation	potential	after	SCI.	 
	 
Findings	prior	to	2011:	 
Throughout	 the	 1990s	 and	2000s,	 analysis	 of	MR	(magnetic	 resonance)	imaging	was	 (and	 continues	 to	 be)	a	
promising	means	for	assessing	extent	of	SCI	and	predicting	who	might	walk	again	after	SCI.37-41	Qualitatively,	the	
presence	of	hemorrhage	and	edema	involved	with	 the	SCI	are	observed	using	MRI.39	Spinal	 stenosis	and	cord	
compression	were	established	as	quantitative	measures	of	the	extent	of	spinal	cord	injury.40	Hemorrhage,	length	
of	 edema,	 stenosis	 and	 canal	 compromise	 were	indicated	as	 predictive	 of	 worse	 recovery	 outcomes	 and	
decreased	chance	of	ISNCSCI	conversion.37-41	Most	importantly,	while	few	studies	used	these	variables	to	predict	
who	might	walk	after	SCI,	they	established	these	measures	as	reliable,	and	set	the	stage	for	future	research.	 
  
Findings	after	2011:	 
  
Researchers	advocate	for	using	MR	imaging	as	a	first-line	due	to	its	high	sensitivity	in	providing	canal	dimensions	
as	 well	 as	 visualization	 of	 soft-tissue	 components	 within	 the	 spinal	 canal.42	 Developments	 in	 MRI-
based	prognostication	of	walking	between	2011	and	2021	confirm	 this	 conclusion.	Studies	assessed	 ligament	
damage,	gray	matter	atrophy,	and	examined	implications	of	midsagittal	tissue	bridges	(thought	to	be	a	proxy	for	
axonal	 sparing).43-47	 Ligamentum	 Flavum	 damage	 and	 intramedullary	 edema	 correlated	 to	 poor	 recovery	 at	
follow	 up,45	and	 midsagittal	 tissue	 bridge	 width	 was	 predictive	 of	 walking	 ability	 one-year	 after	
injury.48	Researchers	calculated	spinal	cord	damage	ratios	to	measure	extent	of	damage	and	reported	on	Diffusion	
Tensor	Imaging	(DTI)	to	assess	the	microstructural	neurodegeneration	within	cord	tissue.49-54	Smaller	damage	
ratios	correlated	with	greater	walking	ability	and	DTI	was	a	strong	predictor	of	AIS	classification	and	walking	
ability.49-54	Additionally,	a	new	SCI	rating	system	(specific	to	MRI)	called	the	BASIC	score	was	developed	and	found	
to	be	correlated	with	walking	ability	after	SCI.48,55	Open-source	software,	the	Spinal	Cord	Toolbox,	was	developed	
to	help	standardize	spinal	cord	imaging	and	this	program	allows	for	template-based	analyses.56,57		This	approach	
can	provide	estimates	of	specific	areas	of	spinal	cord	damage,	and	damage	to	the	lateral	corticospinal	tract	has	
shown	promise	in	predicting	future	motor	deficits.50,58	 
  
There	have	been	significant	advancements	in	MR	imaging	and	its	application	specific	to	ambulation	prediction.	
Clinicians	can	use	these	quantitative	and	qualitative	MRI	measurements	along	with	their	published	reference	
values	 to	 guide	 their	 clinical	 judgment	 and	 provide	 additional	 evidence	 to	 support	 their	clinical	 decisions.	
Clinicians	should	be	aware,	however,	that	MRI	will	likely	not	add	much	more	prognostic	value	as	compared	to	
the	strongest	predictors	such	as	baseline	lower	extremity	motor	scores.48	 
  
Conclusion	 
Over	the	past	ten	years,	progress	has	been	made	on	various	fronts	to	help	clinicians	better	predict	who	will	walk	
again	after	sustaining	a	spinal	cord	injury.	This	work	continues	to	revolve	around	the	development	of	predictive	
algorithms.31,33-34,59-60	However,	limitations	within	studies	and	 lack	 of	 consensus	 continue	 to	result	in	 clinicians	
relying	on	an	incomplete	picture	when	considering	ambulation	prognosis.			 
	 
The	difficulty	 with	 the	CPRs	 above	 are	 their	 limited	ability	 to	 successfully	 predict	 ambulation	 for	 those	
individuals	with	SCI	who	are	not	on	 the	outer	boundaries	of	 the	severity	spectrum.	For	example,	ambulation	
prognosis	continues	to	be	a	challenge	for	an	individual	with	an	acute	AIS	B	who	has	pinprick	sensation	below	the	
level	of	injury,	or	a	patient	with	an	acute	AIS	C	injury	who	has	limited	lower	extremity	motor	return.		Further,		a	
gap	in	the	literature	exists	on	the	role	that	intervention	plays	in	facilitating	the	potential	for	return	to	ambulation	
in	the	acute/subacute	phase	of	SCI	(i.e.	locomotor	training	timing,	type,	dosage,	duration),	especially	for	this	mid-
severity	group.		
	
Hopefully,	ongoing	and	future	research	will	continue	to	improve	our	ability	to	predict	walking	recovery	after	
spinal	 cord	 injury.	However,	in	 our	 opinion,	 there	 is	 presently	no	 best	 single	 measure	 that	 can	 optimally	
be	used	for	post-SCI	ambulation	prognosis.	Physical	therapists	working	with	this	patient	population	will	need	to	
continue	 to	 rely	 on	 multiple	 prognostic	 tools	 (old	 and	 new),	interdisciplinary	 communication,	 and	 clinical	
judgement	to	determine	if	functional	walking	is	a	realistic	outcome. 
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