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Abstract

Purpose Instrumented	scoliosis	correction	to	T12/L1	can	be	a	full	correction	(FC)	of	a	single	thoracic	curve	or	a	selective	
thoracic	fusion	(STF)	where	there	is	a	significant	lumbar	curve.	This	study	aims	to	evaluate	the	utility	and	feasibility	of	
3-dimensional	(3D)	EOS	modelling	to	quantify	pre-	and	post-operative	axial	plane	changes	in	the	uninstrumented	lumbar	
spine.

Methods This	 study	 included	patients	 undergoing	primary	 surgery	 (2018–2021)	 for	AIS	Lenke	1	 or	 3,	with	 the	 lowest	
instrumented level at T12-L1 and reconstructable EOS bi-planar images available pre-op, post-op, and at 1-year follow-up. 

EOS 3D modelling gives the apical rotation and mean rotation form T1-L5 from a neutral pelvis.

Results Twenty	patients	(age	14.3;	7	Lenke	1	A	(FC),	13	Lenke	1B–3	C	(STF))	were	included.	Lumbar	Cobb	correction	
averaged	54%	(1	A),	41%	(1B),	and	21%	(1	C/3	C).	Neither	the	STF	nor	FC	achieved	notable	correction	of	apical	lumbar	
rotation	(1	A:	−5%,	p > 0.05, 1B; +0°, p > 0.05, 1 C/3 C; +2.5°, p	>	0.05).	Uninstrumented	average	L1-L5	rotation	showed	no	
significant	change	at	1	year	for	any	curves.	A	significant	correlation	was	observed	between	lateral	bending	Cobb	angles	and	
L1-L5 average rotation at one year (p	<	0.05).	Notably,	EOS	imaging	measured	greater	axial	rotation	than	PA	x-rays,	with	
differences	normalising	after	accounting	for	pelvic	parameters.
Conclusion EOS	3D	modelling	is	valuable	for	visualising	the	mobile	lumbar	spine.	Our	models	showed	no	significant	cor-
rection	of	lumbar	rotation,	and	a	large	impact	from	pelvic	rotation	on	radiographic	measurements.	Increased	curve	flexibility	
may	improve	axial	correction.	The	apparent	reduction	in	lumbar	rotation	on	plain	radiographs	is	more	likely	attributable	to	
pelvic rotation.

Keywords	 EOS	imaging	·	3-dimensional	reconstruction	·	Selective	thoracic	fusion	·	Axial	plane	·	Lumbar	spine	
rotation · Pelvic rotation
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Abbreviations

3D  3-dimensional

2D  2-dimensional

STF	 	Selective	thoracic	fusion
AVR  Apical vertebral rotation

ALR  Average lumbar rotation

PA  Posteroanterior

LIV  Lowest instrumented vertebra

CT  Computed tomography

MRI  Magnetic resonance imaging

L1-L5  Lumbar 1 to lumbar 5 vertebra

CSVL  Central sacral vertical line

Introduction

Instrumented scoliosis correction of just the structural tho-

racic curve in the presence of a compensatory lumbar curve 

(Lenke	 1B,	 2B,	 2C,	 3C)	 is	 termed	 a	 ‘selective	 thoracic	
fusion’	(STF)	[1].	STF	aims	to	minimise	the	vertebral	levels	
of	 the	 fusion	 surgery	 to	maintain	flexibility	 in	 the	 lumbar	
spine,	important	for	patients	to	remain	active	[1].	However,	
if only the main thoracic curve is instrumented, the lumbar 

curve	 can	 fail	 to	 correct	 spontaneously,	 and	 extension	 of	
fusion	may	be	required	[2].	The	Lenke	classification	uses	a	
Cobb	angle	of	25	degrees	or	more	on	side	bending	x-rays	to	
determine	if	the	curve	is	structural	or	not	[3]. If the lumbar 

curve	is	structural	(>	25	degrees),	 the	Lenke	classification	
suggests that the curve should be included in the instrumen-

tation	and	fusion	[3].	However,	since	the	classification	was	
produced, it has been shown that patients with Lenke 3C 

curves can be treated successfully by only instrumenting the 

main	thoracic	curve	[3].

While	STF	 improves	coronal	curve	parameters,	 studies	
often	 overlook	 other	 planes	 [4]. Previous work demon-

strated	that	although	STF	achieved	50%	Cobb	correction	in	
30	patients,	their	lumbar	translation	and	axial	rotation	was	
unchanged	or	deteriorated	[5].	Furthermore,	 these	rotation	
measurements used plain radiographs rather than contem-

porary	3D	modelling	[6].

In 2018, Jankowski et al. used the EOS imaging system 

to review 55 AIS cases with major thoracic or thoracolum-

bar/lumbar	 curves.	By	measuring	 axial	 rotations	 from	3D	
models, they found that lumbar rotation improved from 22 

(+/-	7)	degrees	to	11	(+/-	5	degrees).	However,	these	results	
represented full posterior corrections, and no sub-analysis 

was performed for selective fusion patients with an unin-

strumented,	mobile	 lumbar	spine	 [7]. Pasha et al. isolated 

curve	 types	 for	 selective	 fusion	 by	 examining	 21	 Lenke	
1B	or	1	C	cases	undergoing	“true”	STF.	Although	not	 the	
primary outcome, their analysis of EOS scans revealed no 

significant	 difference	 in	 pre-operative	 versus	 2-year	 post-
operative	lumbar	axial	rotation	[8] .

Alongside coronal Cobb correction, de-rotation is impor-

tant for surgical success, as it reduces the rib and lumbar 

prominences	that	may	contribute	to	cosmetic	deformity	[9]. 

Due to the linked nature of the thoracic and lumbar spine 

deformity, changes to the thoracic spine will likely be trans-

lated	 into	 the	 lumbar	 spine	 [3]. While previous literature 

demonstrates	effective	coronal	Cobb	correction	in	both	the	
thoracic	and	lumbar	spine,	axial	plane	results	remain	rare,	
as	 traditional	 measurement	 methods	 are	 frequently	 inac-
curate	 and	 time-consuming	 [10]. Computed tomography 

(CT)	 scans	 have	 been	 utilised	 to	 assess	 the	 spontaneous	
correction	 of	 the	 axial	 plane	 after	 STF,	 showing	 promis-
ing	early	results	[11].	However,	CT	scans	are	taken	supine	
which changes the 3D spinal deformity compared to weight 

bearing	 images	 [12]. The 3D EOS modelling enables 

weight-bearing assessment of post-operative correction in 

uninstrumented	 lumbar	 vertebrae,	 quantifying	 axial	 plane	
changes	[6].	Furthermore,	EOS	imaging	takes	its	reference	
from a neutral pelvis, showing normalised and standardised 

axial	rotation	[6] .

This pilot study evaluated the utility and feasibility of 3D 

EOS	modelling	for	assessing	pre-	and	post-operative	axial	
alignment,	 specifically	 quantifying	 changes	 in	 the	mobile	
lumbar spine and pelvis following selective thoracic fusion.

Methods

This retrospective cohort study included all patients with 

a diagnosis of adolescent idiopathic scoliosis, instrumen-

tation ending no more caudal than L1 and bi-planar EOS 

imaging pre-operatively, post-operatively and at a mini-

mum	of	one	year	follow	up	(Fig.	1).	Exclusion	criteria	were	
patients with non-idiopathic aetiology, only posteroanterior 

EOS images, EOS images without the acetabulum or pelvic 

parameters visible or patients with less than one year follow 

up. The development and implementation of this study was 

approved	by	the	NHS	Health.
Research	Authority	and	by	the	Sheffield	Children’s	Hos-

pital	 Research	 &	 Development	 department	 (HRA:4632).	
The 3D spinal measurements were measured on the ste-

rEOS software, accessed through EOS imaging.

Apical vertebral rotation was treated as an absolute value 

with	lowest	instrumented	vertebra	(LIV)	to	LIV	+	4	rotations	
including	negative	values.	Further	 data	 gathered	 from	 the	
2D	radiographs	included:	Lenke	classification,	stable	verte-
bra	(CSVL	bisected	vertebra),	lowest	instrumented	vertebra	
(LIV),	apical	vertebra	rotation	(AVR,	measured	using	Cerny	
et	 al.	method	 [13])	 and	 the	 thoracic	Cobb	 angle.	 Lumbar	
Cobb angle on bending was also measured. EOS bi-planar 
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imaging was taken in a weightbearing position (full or micro 

dose).	The	full	spine	protocol	was	set	to	model	from	the	LIV	
to L5 with no blinding. Radiographs included the femoral 

heads and acetabulum to allow for rotational measurements. 

Only EOS images containing bi-planar, pelvic measure-

ments	were	deemed	‘reconstructable’,	as	these	are	required	
to calculate full rotational values from T1 through L5.

All cases were reviewed by four spinal surgeons during 

a monthly planning meeting. When a full correction was 

planned, the LIV was always positioned at the last touch-

ing stable vertebra. In cases where an under correction was 

planned, the LIV was selected to bisect the stable vertebra. 

During surgery, under corrections involved reduced implant 

density,	more	flexible	rods,	and	deliberate	under-rotation	of	
the thoracic curves. Additionally, the LIV was left slightly 

tilted in the coronal plane to accommodate the planned 

under correction.

Statistical analysis was performed on SPSS v28.0 (IBM, 

2023).	 Statistical	 significance	 was	 accepted	 at	 a	 p	 value	
less than 0.05. Statistical analysis was conducted across the 

whole	population	and	across	different	Lenke	classifications.	
This created 3 distinct groups: Lenke 1A, 1B and 1C/3 clas-

sifications.	Lenke	1C	and	3C	classifications	were	grouped	
as they both have large lumbar curves with large apical 

translation and associated rotation.

Spearman’s	 rank	 was	 used	 to	 measure	 non-parametric	
correlations. Mann-Whitney U tests were used for paired 

variables.	Wilcoxon	Rank	analysis	was	used	 to	determine	
the association between non-parametric paired variables. 

Normality	 was	 checked	 with	 a	 Shapiro-Wilk	 test	 with	 a	
p-value of < 0.05 indicating non-parametric data.

Results

Twenty	patients	met	the	inclusion	criteria	(Fig.	2).	Average	
age of the patients at the time of surgery was 14.3 years. 

Average 1-year post-operative follow up with bi-planar 

EOS	x-ray	was	15.1	months.	The	distribution	of	curve	types	
showed that 7, 9 and 4 patients had Lenke 1 A, 1B and 1 C/3 

curves respectively (Table 1).	Surgical	technique	variation	
meant	that	12	patients	underwent	convex	correction,	and	8	
patients had concave corrections.

Curve correction

The thoracic Cobb angle measured on 2-dimensional 

(2D)	PA	x-ray	was	significantly	corrected	by	27.7	degrees	
(48.8%; SD: 9.7; p	<	0.001)	across	the	whole	cohort.	Lum-

bar Cobb angle measured on 3D EOS was corrected by 16.9 

degrees (41.6%; SD: 10.5; p	<	0.001).	The	L1-L5	and	L1-S1	
lordosis	was	not	significantly	changed	with	a	difference	of	
1.2 degrees (SD: 8.6; p	=	0.555)	and	1.3	degrees	(SD:	9.0;	
p	=	0.528)	 respectively.	There	were	 no	 significant	 changes	
across any other pelvic parameters (p	>	0.05).

In the transverse plane, the lowest instrumented vertebra 

(3.7 degrees; p	=	0.007),	 lowest	 instrumented	 vertebra	+	1	
level (4.2 degrees; p	=	0.037)	 and	 lowest	 instrumented	

Fig. 1 3D reconstructions of the 

lumbar spine in all 3 planes at dif-

fering clinical timepoints
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Apical and average lumbar rotation analysed by 
Lenke classifications

Lenke 1 A patients had a lower starting lumbar apical rota-

tion than both Lenke 1Bs and Lenke 1Cs & 3s. The api-

cal vertebral rotation was corrected by 38.5% in Lenke 1A 

patients, 0% in Lenke 1B patients and worsened by 14.7% 

in Lenke 1C/3 patients (Table 2).	Across	 Lenke	 1A,	 1B,	
and	 1C/3	 classifications,	 the	 average	 L1-L5	 lumbar	 rota-
tion decreased between the post-operative and 1-year time-

points.	Lenke	1	A	patients	experienced	the	greatest	average	
rotational correction, despite having the smallest initial rota-

tion magnitude (Table 2).

vertebra + 4 levels (4.0 degrees; p	=	0.014)	were	all	signifi-

cantly changed on 3D EOS from the pre-operative to the 1 

year follow up. The rotation in the apical vertebra and the 

rotation	averaged	across	 the	 lumbar	curve	did	not	 signifi-

cantly change from pre-operatively to 1 year when analysed 

across	the	whole	cohort.	For	Lenke	1	A	curves,	a	maximal	
correction of the thoracic curve was performed in surgery 

with	 attempted	 segmental	 derotation.	 For	 Lenke	 1B	 and	
C curves, a more limited frontal plane correction was per-

formed	by	using	a	6	mm	titanium	rod	(more	flexible	 than	
cobalt	chrome)	and	allowed	the	rod	to	rotate	slightly	into	the	
coronal plane to retain more thoracic scoliosis and with no 

formal derotation manoeuvre.

Fig. 2 Patient inclusion criteria 

flow	diagram
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taken	from	2D	x-ray	are	more	likely	to	be	smaller	than	the	
rotations	 measured	 by	 EOS	 3D	 models.	 When	 the	 axial	
rotation measured at the pelvis is subtracted from the api-

cal rotation derived from EOS imaging, the resulting val-

ues demonstrate greater agreement in magnitude with the 

axial	 rotation	measured	on	2D	x-ray.	Figure	3 shows that 

accounting for pelvic rotation at the postoperative assess-

ment	 significantly	 normalises	 the	 discrepancy	 observed	
between	the	2D	x-ray	and	EOS	measurements	of	apical	ver-
tebral rotation.

Lenke classification, curve flexibility and apical 
correction

The	most	significant	difference	between	Lenke	groups	that	
achieved a good lumbar rotational correction and those that 

did not was the preoperative bending angle. The Lenke 1A 

group demonstrated the largest bending correction, which 

can	be	attributed	to	its	inherent	flexibility	compared	to	the	
stiffer	Lenke	3	group.	The	group	that	corrected	their	lumbar	

Comparison of 3D EOS and 2D X-ray pelvic 
measurements

Pelvic	rotation	on	EOS	was	assessed	by	differences	between	
the	acetabula	on	the	lateral	EOS	x-ray.	Table	3 demonstrates 

that the rotational measurements of lumbar apical vertebra 

Table 1	 Demographic	summary	table	of	the	whole	cohort	and	Lenke	classifications
All Cases 1A 1B 1C/3

N = 20 N = 7 N = 9 N = 4

Age	at	fusion	surgery	(years)* 14.3	(1.2) 14.7	(0.7) 14.1	(1.0) 14.3	(2.1)
Follow	up	time	(months)	* 15.1	(5.3) 14.6	(4.9) 16.9	(6.2) 11.9	(1.2)
Concave correction § 8	(40.0) 4	(57.1) 4	(44.4) 4	(100)
Convex	correction	§ 12	(60) 3	(42.9) 5	(55.6) 0

Lowest instrumented vertebrae §

 T11 1	(5) 0 0 1

 T12 7	(35) 2 4 2

 L1 12	(60) 5 5 1

Type of correction §

	Full 17	(85) 7	(100) 8	(89) 2	(50)
 Under 3	(15) 0 0 2	(50)
 Thoracic Cobb

pre-operatively	(2D	x-ray)
56.6 60.4 55.5 52.5

 Thoracic Cobb

1-Year	(2D	x-ray)
28.9 29.8 28.1 29.5

	Lumbar	Cobb	pre-operatively	(EOS)* 40.6	(6.1) 39	(8.1) 41.1	(4.0) 42.3	(7.1)
 Lumbar Cobb bending

(2D	x-ray)	*
14.5	(11.5) 11.8	(11.8) 12.6	(7.2) 23.25	(17.2)

	Lumbar	Cobb	angle	at	1	year	(EOS)	* 23.7	(10.8) 17.9	(7.2) 24	(11.1) 33.3	(10.3)
*	Mean	(Standard	Deviation)
§	Number	(%)	of	Patients

Table 2	 3D	 EOS	 (relative	 to	 the	 pelvis)	 measured	 axial	 rotation	
changes	across	differing	Lenke	classifications
Lenke 

classification
Pre-operative 

lumbar AVR

1 Year 

lumbar 

AVR

Median 

change

% 

Change

1A 13.0 8.0 −5.0 −38.5
1B 17.0 17.0 0 0

1C/3 17.0 19.5 2.5 + 14.7

Lenke 

classification
Pre-operative 

ALR

1 Year 

ALR

Median 

change

% 

Change

1A 9.0 7.0 −2.0 −22.2
1B 12.5 11.5 −1.0 −8.0
1C/3 15.0 14.3 −0.7 −5.0
AVR, Apical vertebral rotation; ALR, Average lumbar rotation

Table 3	 EOS	imaging	and	PA	2D	x-ray	measured	axial	rotation	values	with	and	without	the	pelvic	rotation	included	in	EOS	values
Mean EOS rotation Mean	2D	x-ray	rotation Mean	difference SD Significance

Pre-op	apical	rotation* 15.5 7 −8.5 3.5 < 0.001

Pre-op	apical	rotation	(no	pelvic	rotation) 9.8 7 −2.8 9.4 0.196

Post-op	apical	rotation* 14.4 5.7 −8.7 5.6 < 0.001

Post-op	apical	rotation	(no	pelvic	rotation) 9.1 5.7 −3.4 9.4 0.126

1	year	apical	rotation* 14.5 8.2 −6.3 5.9 < 0.001

1	year	apical	rotation	(no	pelvic	rotation) 11.5 8.2 −3.3 10.3 0.172

*Relative	to	pelvic	rotation
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after these surgeries have often been isolated to the coronal 

plane. More recent publications have started to demonstrate 

the	importance	of	axial	and	sagittal	plane	parameters	in	the	
success	of	these	operations	[8–15].

This	study	shows	no	significant	change	to	the	apical	or	
average lumbar rotation across the whole cohort. This is dif-

ferent to what a 2017 CT based study found in their cohort 

of 30 patients who reported a mean correction of 32% across 

the	apical	rotation	[11]. Sub-analysis of our patient cohort 

by	Lenke	 classification	 revealed	 significant	 differences	 in	
apical vertebral rotation. Lenke 1A patients demonstrated 

nearly 40% correction, whereas Lenke 1B patients showed 

no	 change.	 In	 contrast,	 Lenke	 1C/3	 patients	 experienced	
a worsening of nearly 15%. This discrepancy may be due 

to	the	increased	stiffness	of	the	large	secondary	curve	dis-
tal to the surgical instrumentation. A correlation was also 

observed between the preoperative Cobb angle on bending 

and	 the	 average	 L1-L5	 rotation	 at	 one	 year.	 Specifically,	
a larger preoperative bending Cobb angle was associated 

with a greater L1-L5 rotation. The Lenke 1C/3 group had a 

apical rotation had an average Cobb angle on bending of 

7 degrees, while the worsening group had a Cobb angle 

on	bending	of	21	degrees	(Fig.	4).	Spearman’s	correlation	
shows	a	significant	correlation	between	bending	angle	and	
L1-L5 average rotation at 1 year (P	<	0.05)	(Fig.	5).

Complications

There were no surgical complications or cases of coronal 

imbalance in thispatient cohort. Additionally, no patients 

required	revision	surgery	at	the	one-year	follow-up.

Discussion

EOS 3D model provides meaningful and helpful clinical 

data to monitor the mobile uninstrumented lumbar spine 

after selective thoracic fusion. Visualisation of all three 

planes of the spine from a rotationally neutral pelvis has pre-

viously not been possible without supine CT or MRI scans. 

Because of this, traditional methods of reporting success 

Fig. 3	 Box-plot	showing	the	differ-
ence	between	mean	axial	rotations	
measured on EOS imaging and 

PA	x-ray	(top)	and	EOS	imaging	
without pelvic rotation and PA 

x-ray	(bottom)
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outcomes in all three planes of the spine is a novel approach 

with the potential to predict which patients will respond 

favourably	to	STF.
Comparing these results to a recent study using 3D EOS 

models to assess the timing of changes in the lumbar spine 

after	 selective	 thoracic	 fusion,	 we	 see	 similar	 results	 [8]. 

In their results they found a 56% reduction in their lumbar 

Cobb, a 17% reduction in lumbar lordosis and a 30% wors-

ening of the apical vertebral rotation at 1 year reducing to 

20%	at	2	years	[8]. A 1996 study found similar results to the 

one	conducted	20	years	later.	Although	curves	with	a	King	
classification	2,	3	or	4	had	an	average	Cobb	correction	on	
53.1%, 46.9% and 58.3% respectively, worsening rotation 

baseline bending Cobb of around 24 degrees, compared to 

the	12	degrees	for	the	more	flexible	1A	group.
The	increased	stiffness	in	the	Lenke	1C/3	group	is	also	

reflected	 in	 the	 difference	 between	 their	 one-year	 postop-

erative Cobb angle and their preoperative bending Cobb 

angle.	The	average	one-year	Cobb	angle	for	the	more	flex-

ible Lenke 1A group was only 6 degrees greater than their 

bending Cobb, while the Lenke 1C/3 group had a one-year 

Cobb angle that was, on average, over 10 degrees greater 

than their preoperative bending Cobb. The use of pre-oper-

ative	bending	x-rays	and	the	link	between	apical	vertebral	
rotation	is	gaining	importance	in	modern	literature	[16]. The 

use of 3D EOS models to evaluate postoperative patient 

Fig. 5 Correlation between the 

Cobb angle achieved on bending 

and the average lumbar rotation at 

1 year post-operatively

 

Fig. 4	 The	difference	in	Cobb	angle	
correction on bending between 

Lenke 1 curves and Lenke 3 curves
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There are limitations that are important to mention in this 

study. Due to the recent introduction of EOS imaging to our 

department, we could only include patients with a one-year 

follow-up.	Furthermore,	only	a	small	subset	of	this	popula-
tion	had	scans	that	extended	sufficiently	to	include	the	pel-
vis to measure rotation which may introduce selection bias. 

This study also relies on anatomical landmark mapping 

using	bi-planar	x-rays	 to	create	3D	models.	The	3D	mod-

els that are produced are prone to larger measurement error 

unlike 3D models created from CT scanning. We also have a 

relatively small sample size due to the necessity to have both 

PA	and	lateral	views	alongside	imaging	extending	down	to	
the pelvis. The heterogeneous nature of the curve patterns 

and lack of control group potentially dilute the conclusions 

of	the	study.	Although	patient	posture	on	image	acquisition	
has standard guidelines in our centre, EOS imaging is prone 

to large variations in standing position for patients with sco-

liosis. This change in positioning could lead to variations in 

pelvic and vertebral rotation alignment. We did not assess 

shoulder	balance	either	in	the	frontal	or	axial	planes	and	the	
effect	that	this	might	have	on	the	correction	of	the	lumbar	
curve. This is needed in future research.

Conclusion

3D models from EOS imaging have the potential to provide 

useful clinical information from all 3 spinal planes both pre 

and post operatively. The rotational measurements in the 

lumbar	 spine	 differ	 significantly	 when	measured	 on	 EOS	
3D	models	compared	to	2D	x-ray	due	the	addition	of	pelvic	
rotation in EOS models. At 1-year postoperatively, coronal 

correction	in	the	thoracic	and	lumbar	spine	is	significantly	
decreased with small changes to the sagittal and pelvic 

parameters.	 In	 Lenke	 1A	 curves	 (full	 correction)	 the	 api-
cal vertebrae de-rotates by 37.5%. In Lenke 1B curves there 

is no change in rotation while Lenke 1C/3 curves have a 

14.7% increase in apical rotation despite surgical under-cor-

rection of the instrumented thoracic curve. A lower lumbar 

Cobb	 angle	 on	 pre-operative	 bending	 x-ray	 and	 therefore	
more	flexible	 lumbar	spine	is	more	likely	to	have	a	better	
rotational correction at 1 year.
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was	 seen	 in	 the	 lumbar	 spine	 of	 both	King	 type	 2	 and	 3	
curves	[17]. Spinal rotation is often reversed in the lumbar 

spine	 compared	 to	 the	 thoracic	 and	 with	 large,	 inflexible	
curves	 the	residual	“stiffness”	 in	 the	system	may	translate	
the de-rotation of the thoracic spine into the lumbar curve 

[4].

EOS imaging has the advantage of providing a fast, global 

axial	 view	of	 essential	 spinal	 imaging	which	 can	be	used	
for monitoring and the prediction of progression in patients 

after	STF	[18]. Recent studies are highlighting the need to 

account for pelvic rotation before surgery to understand the 

full	 extent	 of	 spinal	 imbalance	 [19]. Measurements taken 

from the radio-plane without accounting for pelvic rotation 

can	mean	 the	sagittal	profile	as	well	as	 the	axial	 rotations	
are	 significantly	 different	 to	 those	 taken	with	 pelvic	 axial	
rotation	accounted	for	[19].	We	found	that	traditional	x-ray	
methods	often	underrepresent	 the	 true	extent	of	 the	spinal	
rotation	[20]. This is likely due to the principal that EOS 3D 

spinal	models	will	measure	rotation	from	an	axially	neutral	
pelvis. This will often add more rotation onto the rotation 

visible	on	plain	x-ray	 as	 the	pelvis	 is	 often	 rotated	 in	 the	
opposing direction to the lumbar vertebra. This study high-

lights the necessity to consider pelvic parameters in assess-

ing lumbar correction after selective thoracic fusion. EOS 

imaging provides these automated global clinical param-

eters	as	standard	with	3D	model	from	an	axially	balanced	
patient	 plane	 [6].	The	 clinical	 significance	 of	 pelvic	 rota-
tion is unknown, but because it often mirrors the rotation 

of the unfused lumbar spine, it can underrepresent spinal 

deformity on PA radiographs. Using 3D reconstructions 

overcomes this by showing the true lumbar rotation against 

a neutral pelvic baseline.

The increased rotation in Lenke 1/3C curves means that 

the surgeon must consider the merits of a selective thoracic 

fusion over a fusion of both curves. To maintain a mobile 

lumbar	curve	there	may	need	to	be	sacrifices	at	surgery	in	
potentially limiting or possibly increasing the rotation in the 

instrumented thoracic spine to prevent transmission to the 

lumbar	spine.	Further	work	 is	 required	 to	see	whether	 the	
post-operative pelvic rotation in the same direction as the 

thoracic spine and opposite direction of the lumbar spine 

may represent a compensatory mechanism to maintain 

‘rotational	balance’.
EOS imaging with 3D reformatting adds additional rota-

tional	 information	 in	 STF	 when	 the	 lumbar	 curve	 has	 a	
Lenke	C	modifier,	and	possibly	Lenke	B.	This	feedback	to	
surgeons	is	needed	to	refine	and	improve	selective	thoracic	
fusion surgery in these young patients and potentially the 

limits of surgery beyond which we should be fusing both 

curves.	For	Lenke	1A	thoracic	curves,	PA	and	lateral	radio-

graphs	 seem	 adequate	 for	 post-operative	 assessment,	 par-
ticularly considering cost and accessibility of EOS imaging.
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