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Abstract.	 [Purpose]	Specific	exercises	and	brace	treatment	are	the	two	evidence-based	modes	of	treatment	for	
patients	with	scoliosis.	The	purpose	of	this	paper	is	to	present	the	first	end-results	from	a	prospective	cohort	that	
commenced	treatment	in	2011	with	a	CAD	based	Chêneau	derivate	and	is	then	compared	to	the	published	results	
achieved	with	the	Boston	Brace.	[Participants	and	Methods]	Inclusion	criteria	for	the	study,	refers	to	the	SRS	inclu-
sion	criteria	on	bracing,	except	the	range	of	Cobb	angles	which	was	extended	to	curvatures	of	up	to	45°.	Twenty-
eight	patients	were	weaned	from	their	CAD	Chêneau	style	brace.	The	results	of	this	cohort	have	been	compared	
with	the	BRAIST	study	by	Weinstein	et	al.	with	the	help	of	the	Z-test.	[Results]	A	success	rate	of	92.9%	has	been	
achieved.	This	was	compared	to	the	success	rate	of	72%	in	the	BRAIST	study.	The	differences	were	highly	sig-
nificant	in	the	Z-test.	[Conclusion]	The	results	achieved	with	the	GBW	are	significantly	and	better	than	the	results	
achieved	with	the	Boston	brace.	Therefore,	the	standards	for	bracing	should	be	reviewed	with	the	results	that	sym-
metric	compression	with	Boston	bracing	is	not	as	successful,	when	compared	to	asymmetric	high	correction	brac-
ing	results,	which	allow	a	standardized	classification-based	corrective	approach.
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INTRODUCTION

Scoliosis	is	a	3D	deformity	of	the	spine	and	trunk.	Numerous	causes	of	scoliosis	have	been	described;	the	most	common	
scoliosis	presentation	is	adolescent	idiopathic	scoliosis	(AIS)1–4).	AIS	is	defined	as	a	lateral	curve	of	the	spine	in	an	otherwise	
healthy	child4).	The	cause	of	AIS,	as	the	term	‘idiopathic’	indicates,	has	not	yet	been	found,	although	recent	papers	support	
the	hypothesis	that	the	origin	of	AIS	lies	in	a	functional	tethering	of	the	spinal	cord5,	6).

It	is	now	generally	accepted	that	scoliosis	is	a	3D	deformity	but	the	Cobb	angle	(measured	in	the	frontal	plane)7) continues 
to	be	the	most	important	parameter	used	by	researchers	in	the	medical	field	and	in	subsequent	guidelines.

Treatments	of	AIS	and	other	forms	of	scoliosis	in	the	main	consists	of;	exercise;	brace	treatment	and	spinal	fusion	surgery.	
While	there	is	high	quality	evidence	supporting	exercises8–10)	and	brace	treatment11)	during	growth,	no	high-quality	evidence	
exists	to	support	spinal	fusion	surgery12–17).	Because	evidence	for	spinal	fusion	is	still	lacking,	Ward	et	al.	suggest	including	
those	patients	with	curves	exceeding	40°	conservatively,	a	threshold	which	historically	was	seen	as	being	an	indication	for	
surgery17).

Today	there	are	numerous	studies	on	brace	treatment	of	patients	with	AIS18–24).	In	the	US,	UK,	Scandinavia	and	some	
countries	in	Asia,	the	Boston	brace	is	widely	used.	Boston	brace	treatment	is	supported	by	several	cohort	studies19),	a	multi-
center	controlled	prospective	study22)	as	well	as	by	a	randomized	study11)	and	a	Meta-analysis24).
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Part-time	bracing	is	not	supported	by	high	quality	evidence24).	We	now	know	that	in-brace	correction	and	brace	wearing	
time	(compliance)	directly	correlate	and	therefore	determine	the	end-result	of	bracing18).	This	fact	has	been	confirmed	in	a	
recent	review25).

The	Chêneau	brace	was	introduced	in	Muenster,	Germany	and	historically	is	the	most	important	evolution	in	brace	design	
in	central	Europe.	The	first	end-results	of	the	cast	based	Chêneau	brace	have	been	published	198526).	When	compared	to	the	
first	end-results	with	the	Milwaukee	brace27)	the	Chêneau	sample	was	shown	to	be	more	effective.	There	are	also	studies	
demonstrating	better	results	found	for	Chêneau	style	braces	than	found	in	the	studies	on	the	Boston	brace23, 28–31).

Like	the	Boston	braces,	Chêneau	braces	initially	have	been	made	by	casting	the	patient	and	by	using	the	plaster	positive	
as	 the	basis	 for	modelling	 the	final	brace	 form32).	This	 form	 is	 then	wrapped	with	a	heated	polyethylene	 sheet	which	 is	
vacuumed	to	the	form	and	finally	cut	from	the	mould32).	Some	studies	exist	to	support	cast	based	Chêneau	style	bracing33–38) 
including	one	prospective	controlled	paper23).

CAD/CAM	 technology	 (Computer	Aided	Design/Computer	Aided	Manufacturing)	 has	 been	 introduced	 since	 the	 end	
of	the	last	century	but	is	increasingly	used	in	the	last	10	to	15	years.	All	the	Chêneau	style	CAD	braces	in	use	today	were	
originally	developed	in	Germany	(Regnier	brace,	Rigo-Chêneau	brace,	Gensingen	brace	[GBW]).	The	advantage	of	these	
CAD	Chêneau	braces	is	that	bracing	can	be	standardized29).	All	the	existing	Chêneau	based	CAD	systems	use	certain	clas-
sifications	 and	provide	 a	 library	of	braces	 in	order	 to	 address	different	patterns	of	 curvature	 appropriately29).	The	GBW	
application31, 39)	as	used	in	 this	study,	 is	based	upon	the	patterns	of	 the	Augmented	Lehnert-Schroth	(ALS)	classification	
(Fig.	1).	This	brace	has	been	described	 in	 international	 literature	since	201039)	and	 the	CAD	approach	 to	assessment	 for	
bracing	has	been	described	in	more	depth	recently40).

The	purpose	of	this	paper	is	to	present	the	first	end-results	from	a	prospective	cohort	started	in	2011	treated	with	GBW	
and	to	compare	the	results	to	those	achieved	with	the	Boston	Brace	from	another	publication	with	a	prospective	design11).

PARTICIPANTS AND METHODS

The treatment group:	We	included	all	patients	into	our	prospective	database	complying	with	the	SRS	inclusion	criteria	for	
studies	on	bracing	(Girls	only,	Age	10−14	years,	Risser	0–2,	Cobb	angle	25−40°,	no	other	treatment	than	physiotherapy	prior	
to	bracing).	With	the	exception	of	the	range	of	Cobb	angles,	which	was	then	extended	to	curvatures	of	up	to	45°	in	order	to	
increase	the	number	of	patients	in	the	study.

One	hundred	five	patients	 treated	with	the	Gensingen	brace	(GBW),	complying	with	the	inclusion	criteria,	within	our	
prospective	database.	Fifty	five	of	these	have	a	minimum	follow-up	of	18	months	(a	preliminary	cohort).	End-results	have	
been	obtained	in	28	patients	from	this	cohort	as	of	December	2018	(end	result	cohort).

Fig. 1.	 	The	ALS	Classification	(With	kind	permission	Schroth	Best	Practice	Academy).
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Twenty	eight	patients	from	our	prospective	cohort	were	weaned	from	their	CAD	Chêneau	style	brace	initially	with	an	
average	age	of	12.5	years	(SD	0.96);	an	average	Risser	sign	of	0.8	(SD	0.9),	average	Cobb	angle	of	32.6°	(SD	6.24)	and	were	
one	to	24	months	without	brace	at	the	final	investigation.	Average	angle	of	trunk	rotation	(ATR)	in	the	thoracic	region	was	
8.5°	(SD	4.5)	and	lumbar	6.4	(SD	4.0).	There	were	12	primary	thoracic	(3CH,	3CN,	3CTL),	4	lumbar	(4CL),	3	thoracolumbar	
(4CTL)	and	9	double	major	curves	(4C,	3CL).	Patients	were	excluded	if	 they	received	previous	treatment	for	adolescent	
idiopathic	scoliosis	other	than	physiotherapy.

The	results	of	this	cohort	have	been	compared	to	the	BRAIST	(Bracing	in	Adolescent	Idiopathic	Scoliosis	Trial)	study	by	
Weinstein	et	al.11)	with	the	help	of	the	Z-test.	Failure	in	both	studies	was	defined	as	a	Cobb	angle	reaching	or	exceeding	50°	
Cobb.

When	the	clinical	parameters	were	met	at	the	last	consultation	and	compared	to	the	consultation	of	the	last	X-Ray	at	the	
end	of	the	weaning	phase,	this	X-Ray	was	used,	and	no	new	X-Ray	was	made.

The brace applied in this study:	The	 patients	 in	 the	 treatment	 group	 have	 received	 a	CAD	 (computer	 aided	 design)	
Chêneau	 style	 brace.	This	 brace	design	 is	 the	Gensingen	brace	 (GBW)	which	 today	 is	 the	most	 used	 asymmetric	CAD	
designed	Chêneau	style	brace	worldwide28,	29,	31,	39,	40).	A	brace	library	of	different	brace	forms	is	available	in	order	to	address	
different	 patterns	 of	 curvature29).	The	 choice	 of	 brace	 depends	 on	 the	Augmented	 Lehnert	 Schroth	 (ALS)	 classification	
system29–31).	With	this	approach	we	may	gain	a	consistent	quality	as	the	pathway	of	brace	choice	and	individual	CAD	adjust-
ment	relies	on	standardized	algorithms.	The	GBW	has	been	described	in	more	depth	as	early	as	201039),	however	this	brace	
has	been	largely	developed	over	the	last	ten	years,	therefore	some	of	these	early	braces	look	different	compared	to	the	more	
modern	examples31,	40).	As	the	GBW	has	been	developed	with	the	aim	to	address	different	patterns	of	curvature	specifically,	a	
series	of	different	brace	forms	has	been	established.	Examples	of	different	Gensingen	braces	for	different	curve	patterns	and	
some	of	the	results	achieved	can	be	found	in	the	Figs.	2–6.

The control group:	Since	it	has	been	found	that	brace	treatment	is	effective	in	prospective	controlled19–21)	and	randomized	
controlled11)	studies	it	would	have	been	unethical	to	establish	an	untreated	control	group	in	patient	samples	at	risk	for	being	
progressive.	Therefore,	it	seems	reasonable	to	use	a	published	group	from	a	study	with	similar	inclusion	criteria	as	a	control	
group.

The	BRAIST	study11)	contains	a	sample	of	patients	treated	with	a	Boston	style	brace	with	comparable	characteristics.	
Inclusion	criteria	for	the	BRAIST	study	were	as	follows:

Patients	with	AIS,	age	10−15	years,	Risser	0–2,	Cobb	angle	20−40°.	One	hundred	forty	six	patients	were	included	with	
an	average	age	of	12.7	years,	Cobb	angle	30.5	years	and	the	majority	of	curves	were	thoracic	or	combined	like	in	our	sample	
treated	with	the	GBW.	The	average	follow-up	time	was	24.2	months.	Rate	of	treatment	success	was	72%.	In-brace	correction	
in	the	control	cohort	has	not	been	reported11).

The brace applied within the control group:	The	only	information	about	the	braces	as	used	within	the	control	group	was	
the	following:	The majority of patients assigned to bracing (68%) were treated with a customized Boston-type thoracolum-
bosacral orthosis11).	No	picture	or	description	of	the	brace	was	provided	within	the	study,	which	would	have	provided	more	

Fig. 2.	 	Thirteen-years-old	girl	with	a	combined	curve	fully	corrected	 in	a	GBW.	On	the	 left	X-Ray	before	bracing,	middle	picture	
Patient	from	the	rear	in	the	brace	and	on	the	right	x-ray	in	the	brace.	The	drawings	on	the	brace	are	the	suggestions	made	by	the	
first	author	in	order	to	improve	brace	fit.	The	metal	markers	as	seen	on	the	in-brace	X-Ray	on	the	right	indicate	the	height	of	the	
peak	pressure	areas	of	the	brace.
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depth	of	understanding.	The	typical	Boston	brace	is	a	more	symmetric	brace	with	a	soft	padded	area	of	the	apical	areas	of	the	
curves.	As	there	are	no	voids	(spaces)	opposite	to	the	pressure	areas	like	in	the	Chêneau	style	braces,	the	Boston	braces	tend	
to	lead	to	compression,	which	may	cause	discomfort.

Statistical Analysis:	A	Z-test	to	compare	cohorts	of	different	sizes	was	performed	as	proposed	by	Goldberg41),	to	compare	
the	success	rate	of	this	cohort,	to	the	success	rate	of	patients	from	the	BRAIST	cohort,	a	study	which	predominately	used	the	
Boston-type	brace11).	The	Z-test	is	to	compare	two	different	proportions	to	each	other,	when	the	raw	data	of	one	group	is	not	
available.	The	Z-test	within	this	paper	has	been	performed	by	the	last	author	(AK).

In	the	BRAIST	study11),	146	patients	were	braced	and	followed	through	skeletal	maturity.	In	this	sample	28	patients	have	
been	treated	and	followed	until	the	completion	of	the	treatment	at	skeletal	maturity.

The	success	rate	of	92.9%	from	this	study	has	been	compared	to	the	success	rate	of	the	BRAIST	study,	which	was	72%.	
Additionally,	also	the	success	rate	from	our	preliminary	cohort	(n=55;	94.5%)	has	been	compared	to	the	success	rate	of	the	
BRAIST	study	using	the	Z-test.	The	study	has	been	approved	by	the	ethics	committee	of	the	Ärztekammer	Rheinland-Pfalz	
(Chamber	of	physicians	of	Rhineland-Palatinate).	The	chair	has	stated	that	by	using	this	study	design	according	to	German	
laws	not	official	approval	is	necessary.

Written	informed	consent	has	been	obtained	from	all	patients	and	their	parents	to	be	included	in	this	study.

Fig. 3.	 In	small	single	curve	patterns	overcorrections	are	possible	with	the	GBW	in	case	the	patient	is	still	immature	(13	year-old	girl,	
one-year	postmenarchial).

Fig. 4.	 More	than	50%	correction	in	a	12	year-old	girl	with	AIS	of	single	lumbar	characteristics	treated	with	a	Gensingen	CAD/CAM	
brace	(GBW).	On	the	upper	right	the	ventral	aspect	of	the	brace	is	visible,	on	the	lower	right	the	CAD	scene	with	the	scan	of	the	
patient	and	the	final	brace	file	ready	for	being	carved.
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RESULTS

End-result (ER) cohort:	The	average	in	brace	correction	(GBW	brace	group)	was	51.4%.	Two	of	the	28	patients	(7.1%)	
from	this	group	reached	or	exceeded	50°	at	final	follow-up	making	a	success	rate	92.9%.	This	was	compared	to	the	success	
rate	of	72%	in	the	BRAIST	study.	The	differences	were	highly	significant	in	the	Z-test	(z=2,58,	t=−3.42,	p=0.01).	Final	Cobb	
angle	was	29.2°	(SD	10.4).	ATR	(angle	of	trunk	rotation	as	measured	with	the	Scoliometer™)	thoracic	was	reduced	from	8.5	
to	7.8°,	ATR	lumbar	from	6.4	to	3.9°.

Average	brace	wearing	time	as	reported	was	20.3	hrs	per	day	(SD	3.5),	average	clinical	follow-up	was	32.1	months	(SD	
10.9)	and	the	average	radiological	follow-up	time	25.3	months	(SD	13.9).

One	patient	with	a	curve	of	25°	dropped	out	of	this	study	for	other	serious	non-related	health	issues	and	left	the	study	after	
the	in-brace	results.	This	patient	returned	in	October	2018,	more	than	two	years	without	the	brace	with	a	final	Cobb	angle	
measuring	28°.

Preliminary (PR) cohort:	The	PR	cohort	(n=55)	contains	the	28	patients	from	the	end-results	cohort;	The	patients	had	
a	Cobb	angle	of	33.9°	(SD	6.6),	Risser	0.7	(SD	0.9),	age	12.4	years	(SD	0.97).	The	characteristics	were	comparable	to	the	
end-result	group	alone.

Twenty	three	patients	from	this	sample	of	55	patients	(41.8%)	improved	(>5°)	while	3	patients	(5.5%)	reached	or	exceeded	

Fig. 5. Left:	12	year-old	girl	with	a	30°	thoracolumbar	curve	corrected	to	6°	in	the	Gensingen	brace	(middle).	Right:	The	same	patient	at	
the	age	of	15.6	years	with	12°	one	year	without	the	brace.	The	pelvis	has	been	rebalanced.

Fig. 6. Left:	27°	single	thoracic	curve	with	an	ATR	(angle	of	trunk	rotation)	of	10°	at	the	start	of	treatment	at	the	age	of	13.0	years.	
Middle:	Result	5	months	without	brace	at	the	age	of	15.0	years	and	with	20°	Cobb	and	ATR	3°.	Right:	Final	result	>2	years	with-
out	brace	22°	Cobb	and	ATR	4°.	Rib	hump	has	been	reduced	significantly	after	treatment	with	the	GBW.	The	initial	ATR	was	
10°,	the	final	value	was	4°.	Trunk	symmetry	is	also	improved	when	focusing	on	the	initial	pelvic	prominence	after	treatment	
being	rebalanced.	Both	clinical	parameters	seem	relatively	stable	more	than	two	years	after	brace	weaning	as	is	the	Cobb	angle	
improvement.
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50°.	The	Cobb	angle	was	reduced	to	30.6°	after	the	follow-up	period,	the	ATR	had	also	reduced.	Thoracic	ATR	reduced	from	
9.1°	(SD	4.83)	to	7°	(SD	4.3)	while	the	lumbar	ATR	was	reduced	from	5.9°	(SD	4.2)	to	3.2°	(SD	3.1).	Average	brace	wearing	
time	as	reported	was	20.9	hrs/day	(SD	2.8).

In-brace	correction	within	this	cohort	was	from	33.9	to	15.9°	which	makes	an	average	correction	of	52.7%	(p<0.001).	The	
results	of	both	groups	are	summarized	in	Tables	1	and	2.

DISCUSSION

Chêneau	style	braces	seem	to	be	effective	in	several	cohorts,	however,	the	results	seem	to	vary	significantly28–38).	The	first	
end-results	study	on	Chêneau	style	bracing26)	seems	more	effective	than	a	later	study	from	Germany33)	and	a	more	recent	
study	from	Poland35),	the	latter	with	a	success	rate	of	only	56%.	This	indicates	that	plaster	based	Chêneau	braces	vary	in	
quality,	possibly	depending	upon	the	skills	of	the	present	orthotist.

Differentiation	in	inclusion	criteria	may	lead	to	variable	results.	In	a	study	from	Italy	using	the	plaster	based	Chêneau	
brace	a	success	rate	of	100%	has	been	reported20).	In	this	study	the	average	Cobb	angle	was	less	than	25°	and	only	single	
curve	patterns	have	been	included,	correcting	much	easier	than	combined	curvatures	(Lenke	B	and	C	type	patterns)42).

A	prospective	controlled	study	with	a	homogenous	patient	group	(Girls	only,	first	signs	of	maturation,	Risser	0,	premen-
archial)	has	been	published	comparing	plaster	based	Chêneau	braces	with	a	soft	brace23).	In	this	study	the	success	rate	of	the	
Chêneau	brace	was	80%.

In	a	retrospective	paper	including	more	recent	Chêneau	developments	(Chêneau	light,	Gensingen	brace),	a	success	rate	of	
95%	was	reported28)	while	in	another	recent	publication	on	the	CAD/CAM	Gensingen	brace	with	a	prospective	design	the	
success	rate	was	around	90%31).	When	comparing	the	more	recent	results	of	Chêneau	style	braces	with	the	Boston	success	
rates,	(72/70%)11, 22)	 the	Chêneau	style	braces	report	better	results	than	Boston	braces.	This	fact	has	been	confirmed	in	a	
recent	study	directly	comparing	both	designs	(Rigo-Chêneau)30).

In-brace	 correction	 and	brace	wearing	 time	 (compliance)	 directly	determine	 the	 end-result18,	 25).	Historically	 in-brace	
correction	has	always	been	lower	in	the	Boston	braces	than	the	correction	as	described	for	Chêneau	derivates43).	In	a	recent	
paper	comparing	a	CAD	Boston	bracing	with	a	CAD	Chêneau	design	bracing,	 the	 in-brace	correction	using	 the	Boston	
derivate	was	lower29).

Studies	with	low	to	moderate	in-brace	corrections	show	that	at	average,	there	might	be	a	progression	after	weaning	from	
the	brace38),	whilst	in	studies	with	higher	in-brace	corrections	there	may	be	improvements	after	brace	weaning18,	44).

Aulisa	and	coworkers	concluded43):	Scoliotic curves did not deteriorate beyond their original curve size after bracing in 
both groups at the 15 year follow-up. These results are in contrast with the history of this pathology that normally shows a 
progressive and lowly increment of the curve at skeletal maturity. Bracing is an effective treatment method characterized by 
positive long-term outcomes, including for patients demonstrating moderate curves.

The	in-brace	correction	in	the	preliminary,	as	well	as	in	the	end-result	cohort,	from	this	study	using	the	GBW	at	average	
was	>50%,	while	 in	the	recent	study	with	the	Rigo-Chêneau	brace	correction	was	31.5%,	which	was	not	different	 to	the	
in-brace	correction	 in	 the	Boston	brace	sample	 from	 the	same	paper30).	Despite	 this,	 the	Rigo-Chêneau	brace	had	better	
end-results.	This	fact	might	indicate	that	not	only	in-brace	correction,	but	also	other	factors	may	influence	the	final	result.

The	success	rate	in	the	PR	as	well	as	in	the	ER	cohort	from	this	paper	is	exceeding	90%	(Table	1).	As	the	preliminary	
results	are	similar	to	end-results	we	can	assume	that	at	the	end	of	growth	there	is	no	longer	a	great	risk	for	progression,	while	
patients	are	at	reduced	brace	wearing	times.	This	fact	might	influence	the	bracing	strategy	in	a	way	that	mild	to	moderate	

Table 2.	The	success	rate	of	the	end-result	cohort	(ER)	and	the	preliminary	cohort	(PR)	compared	to	the	controls	 
(BRAIST)11)	with	the	help	of	the	z-test.	The	differences	were	significant	on	p=0.01	level.

Success rate BRAIST	(n=146) t Z p
ER	(n=28) 92.9	% 72% −3.42 2.58 0.01
PR	(n=55) 94.5% 72% −4.67 2.58 0.01

Table 1.	Distribution	of	the	results	of	the	end-result	cohort	(ER)	and	the	preliminary	cohort	(PR)	with	the	success	rate	
compared	to	the	controls	(BRAIST)11).	As	can	be	seen	the	result	distribution	of	ER	and	PR	are	quite	similar,	as	
are	the	characteristics	of	the	materials	of	both	groups.

Improved	>5° Stabilized Progressed	>5° Reaching	50° Success rate
ER	(n=28) 11 13 4 2 92.9	%
PR	(n=55) 23 25 7 3 94.5%
BRAIST 72%
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curves,	the	patient	might	not	need	to	even	be	braced	until	their	full	skeletal	maturity.
Interestingly,	 the	results	 from	a	prospective	cohort	with	curves	of	40°	and	more	was	also	significantly	better	 than	 the	

results	as	achieved	within	the	BRAIST	trial31).	Considering	that	there	is	little	advantage	of	surgery	over	conservative	treat-
ment17)	and	in	view	of	the	lack	of	evidence	for	spinal	fusion	surgery12–17),	the	GBW	offers	a	real	advantage	for	those	patients	
with	curves	beyond	the	historical	surgical	threshold31),	who	wish	to	avoid	surgery.

Within	the	clinic	of	the	first	author,	the	location	of	the	present	study,	between	200	and	250	patients	have	been	provided	
braces	every	year.	So,	one	might	assume	that	there	must	be	more	than	the	relatively	small	number	of	patients	in	our	study	
meeting	the	inclusion	criteria.	However,	we	have	had	many	patients	presenting	after	being	braced	elsewhere	before,	patients	
coming	with	curves	exceeding	50°,	patients	with	Risser	stages	>2,	early	onset	scoliosis	and	patients	with	scoliosis	of	other	
cause.	The	third	author	was	in	charge	to	submit	all	patients	complying	with	the	inclusion	criteria	and	eligible	for	the	study	
to	our	prospective	database.	No	patient	or	parent	declined	inclusion	to	the	study.	This	shows	that	it	is	not	easy	to	obtain	big	
numbers	of	patients	complying	with	the	inclusion	criteria	as	described.

When	we	look	at	outcomes	of	brace	treatment	the	success	mainly	relies	on	the	Cobb	angle,	which	is	a	measure	for	the	de-
viation	of	the	spine	in	frontal	plane,	only.	However,	the	Cobb	angle	alone	in	patients	with	AIS	does	not	determine	any	severe	
health	problems2–4,	45).	This	also	has	been	confirmed	in	a	more	recent	review46).	Therefore,	in	modern	brace	treatment	we	
should	focus	more	on	the	cosmetic	aspects	of	the	deformity	than	on	the	Cobb	angle.	There	is	some	evidence	that	even	without	
a	significant	improvement	of	the	Cobb	angle,	cosmetic	changes	are	possible	with	modern	Chêneau	derivates31,	43,	47,	48).	In	
a	review	focusing	on	clinical	outcome	parameters	few	papers	have	been	found	addressing	cosmetic	aspects48).	In	that	paper	
it	has	been	shown	that	trunk	symmetry	can	be	improved	significantly48).	In	order	to	demonstrate	the	impact	of	bracing	on	
clinical	or	cosmetic	signs	and	symptoms	of	a	scoliosis	we	would	recommend	an	area	of	future	research	would	be	observing	
the	ATR	alongside	the	Cobb	angle	results	(Figs.	5	and	6)	as	the	radiologic	development	is	not	always	the	automatically	most	
important	clinical	outcome	for	patients48,	49).	It	has	been	shown	that	even	with	an	increase	of	the	Cobb	angle,	an	improvement	
of	trunk	symmetry	has	been	achieved	with	an	asymmetric	Chêneau	derivate49).

Within	GBW	cohorts	there	is	a	good	compliance	rate	in	patients	initially	with	an	average	brace	wearing	time	exceeding	
20	hours	per	day,	as	reported	by	 the	patients	and	parents.	Although	the	average	brace	wearing	 time	in	 the	control	group	
(BRAIST	study11))	has	not	been	reported,	it	appears	that	brace	wearing	time	was	less	in	the	controls	than	in	GBW	cohorts.	
As	the	compliance	has	been	detected	electronically	in	the	BRAIST	study11)	this	might	be	more	precise	than	the	reports	of	
patients	and	parents	in	our	groups.	It	is	therefore	possible	that	the	brace	wearing	time	is	lower	than	reported	in	the	present	
study.	Nevertheless,	the	reduced	brace	wearing	time	when	using	the	Boston	brace	may	also	be	due	to	the	lack	of	comfort.	
Also,	the	individual	approach	of	the	managing	physician	or	orthotist	may	influence	the	brace	compliance	of	the	patient50).

The	number	of	patients	within	our	ER	cohort	(n=28)	seems	low	which	might	be	a	shortcoming	of	the	study.	However,	
when	adding	the	patients	with	a	minimum	follow-up	of	18	months,	a	group	of	55	patients	remained,	with	similar	results	to	
the	ER	cohort	alone.	The	PR	cohort	contains	the	ER	cohort,	but	even	though	both	groups	are	not	significantly	different,	with	
respect	to	the	success	rate.	This	may	strengthen	the	value	of	the	results	achieved	to	some	extent,	however	a	further	larger	
number	of	patients	with	end-results	would	be	required	to	determine	this.

As	the	prospective	cohort	is	followed	up	for	a	longer	period,	we	would	hope	to	explore	this.
A	shortcoming	of	this	study	is	the	relatively	small	cohort	of	patients	with	end-results	and	the	study	design	(retrospective	

chart	review	of	a	prospective	cohort).	However,	the	promising	results	as	obtained	with	this	study	suggest	that	the	implemen-
tation	of	future	studies	with	a	higher	level	of	evidence	are	indicated.

In	conclusion:	Preliminary	and	end-results	as	achieved	with	the	GBW	are	significantly	better	than	the	results	as	achieved	
with	the	Boston	brace.	Other	determinants;	such	as	the	quality	and	experience	of	the	orthotist	and	the	outcome	of	Cobb	angle	
may	also	affect	compliance	and	success	of	 reported	 treatment.	As	outcomes	are	more	successful	with	 the	GBW,	general	
standards	of	bracing	should	be	reviewed,	to	move	from	using	symmetric	compression,	to	asymmetric	high	correction	braces	
allowing	a	standardized	classification	based	corrective	movement	for	most	of	the	possible	curve	patterns.
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