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Abstract

Study design Retrospective cohort study.

Purpose to assess the efficacy and safety of Hi-PoAD technique in patients with a major thoracic curve >90°, <25% of
flexibility and deformity spread over more than five vertebral levels.

Methods retrospective review of AIS patients with a major thoracic curve (Lenke 1-2-3)>90°, with <25% of flexibility
and deformity spread over more than five vertebral levels. All were treated via the Hi-PoAD technique. Radiographic and
clinical score data were collected pre-operatively, operatively, at 1 year, 2 years and at last follow-up (2 years minimum).
Results 19 patients were enrolled. A 65.0% correction rate of the main curve was achieved, from 101.9° to 35.7° (p <0.001).
The AVR reduced from 3.3 to 1.3. The C7PL/CSVL reduced from 1.5 to 0.9 cm (p=0.013). Trunk Height increased from
31.1t037.0 cm (p <0.001). At the final follow-up no significant changes, except from an improvement in C7PL/CSVL (from
0.9 cm to 0.6 cm; p=0.017). SRS-22 increased in all patients, from 2.1 to 3.9 at 1 year of follow-up (p <0.001). 3 patients
had a transient drop of MEP and SEP during maneuver and were managed with temporary rods and a second surgery after
5 days. 2 of these 3 cases (66.7%) had a Total-Deformity Angular Ratio (T-DAR) > 25; conversely, among patients who had
a one-stage procedure, only 1 (6.2%) had a T-DAR > 25 (p =0.008).

Conclusions The Hi-PoAD technique proved to be a valid alternative for the treatment of severe, rigid AIS involving more
than 5 vertebral bodies.

Study design Retrospective comparative cohort study.

Level of evidence III.

Keywords Idiopathic adolescent scoliosis - Pedicle screw accuracy - Pedicle screw malpositioning - Pre-operative CT -
Scoliosis

Introduction

The surgical treatment of severe rigid adolescent idiopathic
scoliosis (AIS) is still highly debated [1-3]. One-stage Poste-
rior-only spinal fusion (PSF) has historically been the main-
stay of AIS treatment, however, achieving an adequate tri-
planar correction of this kind of curves may be challenging.
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Therefore, combined antero-posterior spinal fusions [1, 2],
have been proposed to gain a more powerful correction, but
the high rate of pulmonary complications remains cause of
concern [3]. Staged corrections have therefore gained wide
spread, using pre-operative halo traction, either standalone
[4], or after anterior [5—8] or posterior [9] releases. These
techniques, although effective, are really demanding for the
patients and lead to significant health-related costs, consid-
ering the prolonged period of hospitalization and the multi-
ple surgical procedures required. To offer a better tolerated
alternative to these patients, a temporary internal distrac-
tion with magnetically controlled growing rods (MCGR)
[10, 11] has been proposed; however, increased concerns
about its cost-effectiveness may arise due to the addition of
high hardware costs. One-staged correction using aggressive

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s43390-023-00663-4&domain=pdf
http://orcid.org/0000-0003-4348-0983

Spine Deformity

tricolumnar osteotomies (3COs) such as vertebral column
resection (VCR [12-14] represents an effective alternative,
but at a cost of high technical complexity, alongside an high
complications rate.

All the above-mentioned techniques proved to be pre-
cious and effective, but each particular procedure should
be applied according to the pathological anatomy of the
deformity. The Authors’ hypothesis is that severe and stiff
AIS with deformity spread over more than five vertebral
levels should be effectively treated by a technique named
Hi-PoAD (High Density Pedicle screws, Ponte Osteotomies,
Asymmetric Rods Contouring, Direct Vertebral Rotation),
already described for the management of rigid Adult AIS
[15]. The rationale is to perform a safe and effective one-
stage posterior procedure, exerting strong corrective forces
by a combination of different maneuvers, via an aggressive
release and high-density constructs. The aim of this article is
to present the results of Hi-PoAD technique for the treatment
of these curves, at minimum 2 years of follow-up, focusing
on its efficacy and safety.

Materials and methods
Study sample

A retrospective review of AIS patients with a major thoracic
curve (Lenke 1, 2, 3 patterns) above 90°, with a side bend-
ing (SB) reduction < 25% and with major curve spread over
more than 5 vertebral bodies, who underwent surgery with
Hi-PoAD technique, was undertaken. Non-idiopathic scolio-
sis, infantile or juvenile idiopathic scoliosis diagnosis were
considered exclusion criteria. Follow-up evaluations were
performed post-operatively, at 1 and 2 years and up to final
follow-up. All patients signed an informed consent on the use
of their clinical documentation for scientific purposes. The
local Ethics Committee approved this retrospective study.

Data collection

Operative time, blood loss [both as an absolute volume
(EBL) and as a percentage of total blood volume (%EBYV,
estimated as 75 ml multiplied by the body weight)], length
of stay, intra- and post-operative complications were
recorded. Coronal Cobb angle of each curve, coronal flex-
ibility index (difference in Cobb angle of the main curve
between the pre-operative full-length standing and lateral
supine side-bending X-rays, expressed as a percentage),
T5-T12 thoracic kyphosis (TK) and L1-S1 lumbar lordosis
(LL) were measured. Apical vertebral rotation (AVR) was
measured according to Nash-Moe. Total Deformity Angular
Ratio (T-DAR; the sum of Coronal and Sagittal DAR, which
are calculated as the Cobb angle divided by the number of
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vertebrae involved in the curve) was evaluated. C7 plumb
line (C7PL)/central sacral vertical line (CSVL) and sagittal
vertical axis (SVA) were used to assess coronal and sagittal
balance. Trunk Height (TH) was measured as the distance
between the midpoint of the upper endplate of T1 and the
midpoint of the lower endplate of the LIV, to evaluate the
spinal height. SRS-22 questionnaire was administered pre-
operatively and at 1 year of follow-up.

Surgical technique

All surgeries were performed by the first author, according
to the Hi-PoAD technique [15]. The fusion area was defined
according to the criteria by Lenke et al. [16]. All pedicle
screws were placed with the free-hand, power-assisted
technique [17]. To optimize the transmission of forces
from the tulip to the screw, and therefore to the vertebral
body, all-uniplanar-screws constructs were preferred in all
cases (Fig. 1). Differently from the original technique [15]
the first Ponte osteotomy (Fig. 2) was performed at the apex
of the main curve and at the four periapical levels (two above
and two below the apex) in all cases, to maximize the correc-
tive potential. In Lenke 3 cases, 5 Ponte or Smith-Petersen
osteotomies were performed at thoracolumbar-lumbar curve
apex if curve magnitude exceeded 90°. Two 5.5-mm cobalt-
chrome rods were asymmetrically molded, to achieve a syn-
ergic action on sagittal profile restoration, with a lifting effect
at the physiological apex of thoracic kyphosis and a pushing
effect in the lumbar spine to restore lumbar lordosis; at the
thoracic scoliosis apex, the concavity rod was higher (over-
bended) than the convexity rod, to obtain an indirect derota-
tional effect. The rods were passed through each anchor point
and simultaneously rotated with the curves consensually ori-
ented on the sagittal plane. Rotation tubes were applied at
apical screws and at the LIV to exert derotational forces and
counter-torque forces respectively, both in convexity and con-
cavity. Keeping derotational forces applied, the translation
maneuver was progressively performed. Before the definitive
engage of the rods in the tulips, selective compression and
distraction were performed at apical and periapical levels to
close gaps at the Ponte osteotomy sites. Final engagement of
the rods was then performed. In situ coronal or sagittal bend-
ing was then performed if needed. An extensive decortication
of the posterior elements of the instrumented vertebrae was
performed to obtain a solid fusion bed, followed by apposi-
tion of autologous and homologous bone. Subfascial drain
was placed, and the wound was closed in multiple layers,
with running intradermal suture for the skin. Exemplificative
cases are presented (Figs. 3,4, 5, 6, 7, 8).

Early mobilization started on post-operative day 1. For
the first 4 weeks after surgery, a thoracic lumbar sacral
orthosis (TLSO) to restrict spinal movements and facilitate
initial bone graft fusion was prescribed.
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Table 1 Patients' characteristics

Patients n

Average age (years)

Curve type

T-DAR

Average fused levels

Average pedicle screws implanted
Screw density

Average surgical time (minutes)
Average blood loss (ml)

Average blood loss (%EBV)

19 (16 females; 3 males)

13.7+ 1.6 (range 12-18)

I8 II: 4, 1II: 6; IV 1

18.6 +6.1 (range 14-33.7)

13.1+ 1.4 (range 10-15)
24.5+2.2 (range 20-29)

94.2% +5.5% (range 83.3—100%)
263.1+39.1 (range 226-364)
892.7+137.3 (range 546-1032)
21.8+3.7% (range 14.3-26.7%)

Average follow-up (months) 29.2+3.1 (range 28-37)

Average length of stay (days) 7.9+4.1 (range 5-19)

Patients characteristics

19 (16 females and 3 males) were included, with a follow-up
of 29.2+3.1 (range 28-37). The average age was 13.7+1.6
(range 12—18). Patient’s characteristics are summarized in
Table 1.

Statistical analysis

Parametric test was used to compare samples in case of
continuous variables, normal distribution and appropriate
numerousness. The Shapiro—Wilk test was used to verify
normal distribution. As parametric test, two-tailed student
t test was used to compare the average of the variables for
homoscedastic paired groups. Pearson's chi-squared test was
applied to compare categorical data. Continuity correction
was applied in case of discrete distribution. p values <0.05
were considered to be significant. Furthermore, Intraclass
Correlation Coefficient (ICC) and Cohen’s Kappa were used
to assess intra- and inter-observer agreement in the meas-
urement of pre-operative and last follow-up values of TK
and AVR, respectively. Jamovi statistical analysis software
(The jamovi project (2021), jamovi Version 1.6) was used
to perform statistical analysis.

Results

Average surgical time was 263.1 +39.1 min, and average
blood loss was 892.7+137.3 (21.8 £3.7% EBV) (Table 1).
Patients were discharged after an average length of stay of
7.9+4.1 (range 5-19).

An effective triplanar correction was achieved (Table 2):
the average post-operative Cobb angle decreased by 65.0%
(from 101.9°+14.2° to 35.7° £ 15.9°, p<0.001). On the
sagittal plane, both post-operative TK and LL remained
stable, passing from 24.7°+21.8° to 26.3°+15.3°

Table 2 Average values of the examined variables pre-operatively, post-operatively, at 1-year, 2-years and last follow-up

p value post-

% variation

p value pre-
op vs last

% variation p value 1-year FU 2-years FU Last FU % variation
FU

pre-op vs
post-op

Post-op

Pre-op

op vs last FU

post-op vs last

FU

pre-op vs last

FU

pre-op vs
post-op

0.114

1.9

+

35.9°+15.5° 36.1°+15.6° 364°+153 —643 <0.001*

<0.001%*

-65.0

35.7°+15.9°

—17%+5.7%
24.7°+21.8
51.9°+15.3
33+0.7

Main coronal curve 101.9°+14.2°

Coronal flexibility

TK
LL

0.143
0.184
0.330

+1.5
+1.4

0.362
0.931

+8.1

26.7°+14.4
51.7°+11.6

1.4+0.5

26.8°+15.1
51.6°+11.7

1.4+0.5

26.5°+14.5
51.3°+11.6

+6.5 0.454
1.4+0.5

26.3°+15.3
51.0°+11.6
1.3+0.5

0.4
-57.6
-60.0

369cm+34 368cm=35 369cm+3.3 +18.7

0.710

7.7
-333

+

<0.001*
<0.001°*
<0.001*

08cm=+04

<0.001*
0.013*

—60.6
—40.0
+19.0

09cm=+0.6

1.5cm+0.8

AVR

0.017*

0.6cm=+0.3

0.7cm=+0.3

31.1cm+3.5 37.0cm+3.4

C7PL/CSVL
TH

0.091

+3.4

<0.001*

<0.001%A

+85.7

2.1+0.5

SRS-22

FU follow-up, TK thoracic kyphosis, LL lumbar lordosis, C7PL/CSVL C7 plumb-line (C7PL)/central sacral vertical line (CSVL), AVR apical vertebral rotation according to Nash-Moe, TH trunk

height, SRS-22 Scoliosis Research Society 22-item questionnaire

*Statistically significant

ASRS-22 was administered pre-op and at the 1-year FU, so for SRS-22 “last FU” is considered the 1 year-FU
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Table 3 Intra and interobserver

agreement for AVR and TK TK pre-op Intra-rater ICC 1 0.978 (95% CI 0.943-0.987) Excellent
in the pre-operative and last Intra-rater ICC 2 0.982 (95% CI 0.956-0.992) Excellent
follow-up measurements Inter-rater ICC 0.970 (95% C10.929-0.983) Excellent
TK last FU Intra-rater ICC 1 0.979 (95% CI1 0.899-0.992) Excellent
Intra-rater ICC 2 0.971 (95% CI1 0.892-0.983) Excellent
Inter-rater ICC 0.935 (95% CI 0.766-0.966) Excellent

AVR pre-op Intra-rater Cohen’s kappa 1 0.796 (95% CI 0.534-1.000) Substantial

Intra-rater Cohen’s kappa 2 0.735 (95% CI 0.456-1.000) Substantial

Inter-rater Cohen’s kappa 0.635 (95% CI 0.320-0.949) Substantial

AVR last FU Intra-rater Cohen’s kappa 1 0.692 (95% CI 0.396-0.988) Substantial
Intra-rater Cohen’s kappa 2 0.553 (95% C10.176-0.930) Moderate
Inter-rater Cohen’s kappa 0.469 (95% CI 0.073-0.866) Moderate

ICC interpretation: below 0.50: poor, between 0.50 and 0.75: moderate, between 0.75 and 0.90: good,
above 0.90: excellent. Kappa interpretation: between 0.00 and 0.20: Slight agreement, between 0.21 and
0.40: Fair agreement, between 0.41 and 0.60: Moderate agreement, between 0.61 and 0.80: Substantial
agreement, between 0.81 and 1.00: Almost perfect agreement

Table 4 Relationship between T-DAR and surgical stages required
for correction

T-DAR 1-stage 2-stage TOTAL
>25 1(6.2%) 2 (66.7%) 3(23.1%)
<25 15 (93.8%) 1(33.3%) 16 (76.9%)
TOTAL 16 (100%) 3 (100%) 19 (100%)
p: 0.008*

*Stastically significant

(+6.5%; p=0.454) and from 51.9°+15.3°to 51.0°+ 11.6°
(—1.7%; p=0.710) respectively. The average AVR sig-
nificantly reduced from 3.3 +0.7 to 1.3+0.5 (- 60.6%;
p <0.001). The average C7PL/CSVL reduced with sta-
tistical significance from 1.5 cm+0.8 to 0.9 cm +0.6
(—40.0%; p=0.013). TH significantly increased from
31.1 cm+3.5 to 37.0 cm = 3.4 (+ 19.0%; p<0.001). At
the final follow-up no significant differences were noted in
the radiological results compared to post-operative values,
except from a significative improvement in C7PL/CSVL
(from 0.9 cm +0.6 to 0.6 cm+0.3; —33.3% p=0.017).
Intra- and inter-observer agreement showed good agree-
ment for TK both in pre-operative and last follow-up meas-
urements, while AVR did record substantial agreement in
the pre-operative measurements and only moderate agree-
ment in the last FU measurements (Table 3).

SRS-22 questionnaire score increased in all patients,
from a pre-operative value of 2.1 £0.5 to a mean of
3.9+0.4 at 1 year of follow-up (p <0.001).

3 patients had an intraoperative SEP and MEP reduction
during the corrective maneuver. In these cases, a counter-
maneuver was performed and the mean arterial pressure
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Fig.1  Exemplificative surgical image of a high-density pedicle
screw construct: T3-L2 fusion with screws placed at all pedicles,
except for left T10 pedicle

was raised, to enhance the recovery of the evoked poten-
tials. Once the recovery happened, a temporary rod was
placed in slight distraction on the concavity of the main
curve (and on the concavity of the lumbar curve in Lenke
3 cases) to stabilize the spine in a partial corrected posi-
tion and surgery was interrupted. The definitive surgery
was performed 5 days later, to allow the spinal cord to
get used to the new corrected spinal alignment (Figs. 9,
10). 2 of these 3 cases (66.7%) had a T-DAR > 25; con-
versely, among patients who had a one-stage procedure,
only 1 (6.2%) had a T-DAR > 25 (p =0.008) (Table 4). No
mechanical complications (screws pull-out, pedicle break-
age, necessity to extend the fusion area) were registered
intraoperatively.

At the last follow-up, no mechanical nor infective compli-
cations were registered; no cases of correction loss, adding
on or junctional pathology were observed.
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Fig.2 Ponte osteotomies: exemplificative drawing

Discussion

The described technique proved to be really efficient, allow-
ing a powerful coronal correction rate of 65.0%, which is
superior compared to the results reported by others all-pos-
terior one-stage correction studies without 3COS [18-20]
(50.9-55.9%). This difference can be explained by the com-
bination of corrective strategies that the described technique
provides. First, an extremely high screw density with screws
placed at every level permits to dissipate corrective forces,
thus limiting pull-out risks. Secondly, the aggressive release
based upon periapical Ponte Osteotomies enforces the trans-
lation and derotational maneuverers allowing in addition
segmental correction with convex compression and con-
cave distraction. Thirdly, the simultaneous application of the
asymmetrically molded CoCr rods allows to apply a trans-
lational and derotational force over both rods at the same
time, improving the overall corrective capacity. Finally, for
the coupling principle, DVR and translation maneuvers act
simultaneously: the DVR has a translation component that
acts in synchrony with the translation performed over the
rods; on the other side, the asymmetric shape of the rods
exerts an indirect derotational force that combines with
DVR. This combination of strategies, that come at the cost
of an increased technical complexity, allowed also a good
triplanar correction of the deformity, respecting a physi-
ological sagittal profile (no significant changes in TK and
LL), reducing the vertebral body rotation (significant AVR
reduction) and restoring a correct coronal balance (signifi-
cant C7PL-CSVL reduction). In particular, when looking at

Fig.3 Case 1, a 17 years old female with a Lenke 2 curve, treated by T4-L4 fusion; pre and post-operative X-rays
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Fig.5 Case 3, a 13 years old female with a Lenke 3 curve, treated with a T3-L5 fusion; pre- and post-operative X-rays

TK, our results are in line with a growing body of literature
that reports a better control of kyphosis when combining
pedicle screws and Ponte osteotomies [21, 22]. The addi-
tion of Asymmetric Rods Contouring to high-density screws
systems, may further make possible the respect of TK even

@ Springer

when large amounts of coronal and axial plane corrections
are needed.

It may be underlined that despite the complexity of the
technique average surgical time and blood loss resulted
in line with the majority of the case series dealing with
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Fig.7 Case 4, a 18 years old female with a Lenke 2 curve, treated with a T3-L3 fusion; pre- and post-operative X-rays

all posterior techniques without 3COS (263.1 min vs
180.5-300 min and 892.7 ml vs 850-1752 ml respectively
[18-20]).

Some authors [23, 24] reported a correction rate as high
as 77% for severe scoliosis curves, adopting a staged tech-
nique based upon anterior release. In fact, anterior release
allows to achieve a direct control over the anterior disk

restraint to DVR. On the contrary, the presented technique,
as it is based on an all-posterior approach, allows to exert
powerful corrective forces which may overcome the anterior
disk restraints only indirectly and/or partially. Despite that,
the morbidity related to the anterior approach may outweigh
the benefit of the additional correction.

@ Springer
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Fig.8 Case 4, a 18 years old
female with a Lenke 2 curve,
treated with a T3-L3 fusion;
pre- and post-operative clinical
appearance

The correction rate achieved via the Hi-PoAD technique
was comparable to that of staged procedures based on trac-
tion (both internal and external) (65.0% vs 51.3-67.4% [4-8,
10, 11]), but without the need of prolonged challenging
traction periods, multiple procedures and high health- and
hardware-related costs. The rationale of staged procedures
is to obtain a gradual distraction resulting in adequate cor-
rection minimizing stresses over the spinal cord. Looking
in detail at the safety profile of the techniques, Hi-PoAD
reported a 15.8% rate of transient intraoperative MEP/SEPs
deterioration, without any sequalae at the wakening. How-
ever, it must be acknowledged that even staged procedures
are not exempt from neurologic risks, with a reported rate
of 0-14.2% % [4-8, 10, 11], ranging from transient MEPs
reduction [10], to transient [4, 6, 7] and permanent [5] motor
deficit. This seem to imply that the spinal cord risks during
correction may be dependent upon other factors besides the
correction techniques, such as curve intrinsic characteristics.
In our cohort, a T-DAR > 25 significantly correlated with the
need to perform a 2-stage procedure due to SCM changes
during the first correction attempt. On one hand, this seems
to support the higher risks of SCM events reported by Wang
et al. [25] for patients with a T-DAR >25. On the other
hand, there are certainly other factors acting that still need
to be identified, since the patient with the most severe DAR
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(33.7) of our series still had a one-stage procedure, while
one patient with a 22.3 DAR had a two-stage procedure.
So, given the unpredictability and the generally transitory
nature of SCM events during a cautious and progressive cor-
rective manouver, in addition to the relatively high success
rate of the procedure (84.2%), in our experience a one-stage
Hi-PoAD procedure may still be suitable for these curves.
Moreover, this strategy remained cost-effective even in the
3 cases where a staged procedure was required, given the
fact that relatively economic hardware was used (simple
titanium temporary rod vs MCGR) and that hospital stay
was relatively short (13-19 days) in these 3 cases; certainly
shorter compared to internal or external traction techniques
[4, 6-11].

The correction rate of the presented technique was similar
to that achieved by VCR studies (65.0% vs 61-67% [12—-14]).
However, the Hi-PoAD technique allowed significantly
lower mean EBL (892.7 ml vs 1610-7034 ml [12-14]), gen-
eral complications rate (0% vs 25-59% [12—14]) and neu-
rological complications rate (15.8%, all transient, vs 0-27%
[12-14]), compared to VCR. Moreover, an often-neglected
issue with these patients is that they usually have a mismatch
between trunk height and leg length due to the severity of
the spinal deformity. The use of VCR, which is a shorten-
ing procedure, may therefore result in failure to restore a
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Fig.9 Case 2, a 15 years old female with a Lenke 3 curve, treated by »
T3-L4 fusion. The patient had a transient SEP and MEP drop dur-
ing corrective maneuver, so the patient was temporarily stabilized
with two titanium rods and managed with a second stage surgery after
5 days. Pre-operative and post-operative (first and second stage sur-
gery) X-rays

proper trunk height/leg length ratio compared the increase
of TH achieved by the presented technique. For all these
reasons, in the Authors’ opinion, VCR remains a fundamen-
tal weapon, but with limited indications such as: extremely
sharp deformities, often with a kyphotic component and
associated myelopathy. In these situations, the powerful
translation between the proximal and distal vertebral sec-
tions, and the circumferential spinal cord decompression that
it offers, are still unmatched by any other technique while it
may be too aggressive for severe AIS curves involving more
than 5 vertebral bodies.

The results of the present study must be seen in light of
some important limitations. First, the definition of severe
scoliosis is still unclear, with studies using as cutoff a Cobb
angle>80° [1, 5, 12], others >90° [2, 11, 14, 23] and oth-
ers > 100° [10, 24]. The definition of rigid curve is even
more confusing, both in terms of cutoff (flexibility <20%
[14], 25% [12], 30% [2, 5, 19, 23], 40% [1]) and of method
of assessment (standing SB [5], supine SB [5, 14, 19, 23,
24]). Moreover, traction radiographs under general anesthe-
sia may redefine some of the included curves as non-stiff or
partially stiff [26]. In this uncertain context, building solid
evidence is challenging. Secondly, the retrospective design
and the small sample of this study must be acknowledged.
Finally, the AVR measurement according to Nash-Moe
method has several limitations, especially in post-operative
radiographs, in which the presence of pedicle screws can
make the measurement difficult and sometimes inconsistent.
In fact, while TK measurements showed good intra- and
interobserver agreement (probably partially due to software
aid in its measurement), the AVR measurement according
to Nash-Moe did record only moderate agreement in the last
follow-up X-rays. Moreover, if one considers the wide 95%
CI, the intra- and interobserver agreement further decreases.
The possible strengths of this study, especially consider-
ing the rarity of these cases, are the homogeneity of curves
in terms of etiology (all adolescent idiopathic), topography
(all main thoracic) and characteristics (number of vertebral
levels involved). The present study may represent an attempt
to discriminate between different severe AIS curves with the
focus of developing a treatment algorithm able to highlight
the indication for each corrective technique available, basing
on the pathological anatomy of the deformity.

@ Springer



Spine Deformity

Fig. 10 Case 2, a 15 years old female with a Lenke 3 curve, treated by T3-L4 fusion; pre and Postoperative clinical appearance

Conclusions

The Hi-PoAD technique proved to be a valid alternative for
the treatment of rigid AIS curves exceeding 90° of mag-
nitude, with less than 25% reduction on side bending, and
involving more than 5 vertebral bodies.

Author contributions CF: conception, data interpretation and revision.
GV: conception, data interpretation and writing. FB: data collection
and writing. MM: data collection and writing. MI: data Collection.
MT: writing. Fabio Vita: data collection. AR: supervision and data
interpretation.

Funding Open access funding provided by Alma Mater Studiorum
- Universita di Bologna within the CRUI-CARE Agreement. The
research did not receive any specific grant from funding agencies in
the public, commercial, o not-for-profit sectors.

Availability of data and material The data that support the findings of
this study are available from the corresponding author upon request.

Declarations

Conflict of interest The authors have no conflict of interest to declare.
Ethical approval The Ethics Committee of Area Vasta Emilia Centro
-Regione Emilia-Romagna (CE-AVEC) approved this retrospective
study on 17thFebruary 2022 (protocol n.: n° 129/2022/Oss/IOR).

Consent to participate All patients signed an informed consent on the
use of their hospitalization data for scientific purposes.

@ Springer

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Bullmann V, Halm HFH, Schulte T, Lerner T, Weber TP, Liljen-
qvist UR (2006) Combined anterior and posterior instrumentation
in severe and rigid idiopathic scoliosis. Eur Spine J 15(4):440-
448. https://doi.org/10.1007/s00586-005-1016-1

2. Shen J, Qiu G, Wang Y, Zhang Z, Zhao Y (2006) Comparison
of 1-stage versus 2-stage anterior and posterior spinal fusion for
severe and rigid idiopathic scoliosis—a randomized prospective
study. Spine (Phila Pa 1976) 31(22):2525-2528. https://doi.org/
10.1097/01.brs.0000240704.42264.c4

3. Lonner BS, Auerbach JD, Estreicher MB et al (2009) Pulmo-
nary function changes after various anterior approaches in the
treatment of adolescent idiopathic scoliosis. J Spinal Disord
Tech 22(8):551-558. https://doi.org/10.1097/BSD.0b013e3181
92d8ad

4. Hwang CJ, Kim DG, Lee CS et al (2020) Preoperative halo trac-
tion for severe scoliosis. Spine (Phila Pa 1976) 45:E1158-E1165.
https://doi.org/10.1097/BRS.0000000000003530


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1007/s00586-005-1016-1
https://doi.org/10.1097/01.brs.0000240704.42264.c4
https://doi.org/10.1097/01.brs.0000240704.42264.c4
https://doi.org/10.1097/BSD.0b013e318192d8ad
https://doi.org/10.1097/BSD.0b013e318192d8ad
https://doi.org/10.1097/BRS.0000000000003530

Spine Deformity

10.

11.

12.

13.

14.

15.

16.

17.

Yamin S, Li L, Xing W, Tianjun G, Yupeng Z (2008) Staged sur-
gical treatment for severe and rigid scoliosis. J Orthop Surg Res
3(1):1-9. https://doi.org/10.1186/1749-799X-3-26

Koptan W, EIMiligui Y (2012) Three-staged correction of severe
rigid idiopathic scoliosis using limited halo-gravity traction. Eur
Spine J. https://doi.org/10.1007/s00586-011-2111-0

Sponseller PD, Takenaga RK, Newton P et al (2008) The use of
traction in the treatment of severe spinal deformity. Spine (Phila
Pa 1976) 33(21):2305-2309. https://doi.org/10.1097/BRS.0b013
e318184et79

Watanabe K, Lenke LG, Bridwell KH, Kim YJ, Hensley M,
Koester L (2010) Efficacy of perioperative halo-gravity traction
for treatment of severe scoliosis (>100°). J Orthop Sci. https://doi.
org/10.1007/s00776-010-1523-8

Mehlman CT, Al-Sayyad MJ, Crawford AH (2004) Effectiveness
of spinal release and halo-femoral traction in the management of
severe spinal deformity. J Pediatr Orthop 24(6):667-673. https://
doi.org/10.1097/01241398-200411000-00014

Koller H, Mayer M, Koller J et al (2021) Temporary treatment
with magnetically controlled growing rod for surgical correction
of severe adolescent idiopathic thoracic scoliosis greater than
100°. Eur Spine J. https://doi.org/10.1007/s00586-020-06709-9
Di Silvestre M, Zanirato A, Greggi T et al (2020) Severe adoles-
cent idiopathic scoliosis: posterior staged correction using a tem-
porary magnetically-controlled growing rod. Eur Spine J. https://
doi.org/10.1007/s00586-020-06483-8

Suk S II, Chung ER, Kim JH, Kim SS, Lee JS, Choi WK (2005)
Posterior vertebral column resection for severe rigid scoliosis.
Spine (Phila Pa 1976) 30:1682-1687. https://doi.org/10.1097/01.
brs.0000170590.21071.c1

Lenke LG, Newton PO, Sucato DJ et al (2013) Complications after
147 consecutive vertebral column resections for severe pediatric
spinal deformity: a multicenter analysis. Spine (Phila Pa 1976).
https://doi.org/10.1097/BRS.0b013e318269fab1

Zhou C, Liu L, Song Y et al (2011) Anterior and posterior
vertebral column resection for severe and rigid idiopathic sco-
liosis. Eur Spine J 20(10):1728-1734. https://doi.org/10.1007/
s00586-011-1861-z

Faldini C, Barile F, Perna F et al (2021) Hi-PoAD technique for
adolescent idiopathic scoliosis in adult: personal case series. Eur
Spine J. https://doi.org/10.1007/s00586-021-06897-y

Lenke LG, Betz RR, Harms J et al (2001) Adolescent idiopathic
scoliosis. A new classification to determine extent of spinal
arthrodesis. J Bone Jt Surg Ser A. 83(8):1169-1181. https://doi.
org/10.2106/00004623-200108000-00006

Faldini C, Viroli G, Fiore M et al (2021) Power-assisted pedi-
cle screws placement: Is it as safe and as effective as manual
technique? Narrative review of the literature and our technique.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Musculoskelet Surg 0123456789:3-9. https://doi.org/10.1007/
$12306-021-00714-x

Mihara Y, Chung WH, Chiu CK et al (2020) perioperative out-
come of severe idiopathic scoliosis (Cobb angle > 90°): is there
any difference between “daytime” versus “after-hours” surgeries?
Spine (Phila Pa 1976) 45(6):381-389. https://doi.org/10.1097/
BRS.0000000000003274

Chan CYW, Chung WH, Mihara Y et al (2020) Perioperative out-
come of severe rigid idiopathic scoliosis: single-staged posterior
spinal fusion utilizing a dual attending surgeon strategy. A report
of 41 patients. J Orthop Surg 28(3):1-12. https://doi.org/10.1177/
2309499020936005

Crostelli M, Mazza O, Mariani M, Mascello D (2013) Treatment
of severe scoliosis with posterior-only approach arthrodesis and
all-pedicle screw instrumentation. Eur Spine J. https://doi.org/10.
1007/500586-013-3027-7

Samdani AF, Bennett JT, Singla AR et al (2015) Do ponte oste-
otomies enhance correction in adolescent idiopathic scoliosis? an
analysis of 191 Lenke 1A and 1B curves. Spine Deform. https://
doi.org/10.1016/j.jspd.2015.03.002

Shah SA, Dhawale AA, Oda JE et al (2013) Ponte osteotomies
with pedicle screw instrumentation in the treatment of adolescent
idiopathic scoliosis. Spine Deform. https://doi.org/10.1016/].jspd.
2013.03.002

Zhou C, Liu L, Song Y et al (2013) Anterior release internal dis-
traction and posterior spinal fusion for severe and rigid scoliosis.
Spine (Phila Pa 1976) 38(22):1411-1417. https://doi.org/10.1097/
BRS.0b013e3182a3c¢d90

Kandwal P, Goswami A, Vijayaraghavan G et al (2016) Staged
anterior release and posterior instrumentation in correction of
severe rigid scoliosis (Cobb angle >100 degrees). Spine Deform
4(4):296-303. https://doi.org/10.1016/j.jspd.2015.12.005

Wang XB, Lenke LG, Thuet E, Blanke K, Koester LA, Roth M
(2016) Deformity angular ratio describes the severity of spinal
deformity and predicts the risk of neurologic deficit in posterior
vertebral column resection surgery. Spine (Phila Pa 1976). https://
doi.org/10.1097/BRS.0000000000001547

Davis BJ, Gadgil A, Trivedi J, Ahmed ENB (2004) Traction radi-
ography performed under general anesthetic: a new technique
for assessing idiopathic scoliosis curves. Spine (Phila Pa 1976)
29(21):2466-2470. https://doi.org/10.1097/01.BRS.0000143109.
45744.12

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1186/1749-799X-3-26
https://doi.org/10.1007/s00586-011-2111-0
https://doi.org/10.1097/BRS.0b013e318184ef79
https://doi.org/10.1097/BRS.0b013e318184ef79
https://doi.org/10.1007/s00776-010-1523-8
https://doi.org/10.1007/s00776-010-1523-8
https://doi.org/10.1097/01241398-200411000-00014
https://doi.org/10.1097/01241398-200411000-00014
https://doi.org/10.1007/s00586-020-06709-9
https://doi.org/10.1007/s00586-020-06483-8
https://doi.org/10.1007/s00586-020-06483-8
https://doi.org/10.1097/01.brs.0000170590.21071.c1
https://doi.org/10.1097/01.brs.0000170590.21071.c1
https://doi.org/10.1097/BRS.0b013e318269fab1
https://doi.org/10.1007/s00586-011-1861-z
https://doi.org/10.1007/s00586-011-1861-z
https://doi.org/10.1007/s00586-021-06897-y
https://doi.org/10.2106/00004623-200108000-00006
https://doi.org/10.2106/00004623-200108000-00006
https://doi.org/10.1007/s12306-021-00714-x
https://doi.org/10.1007/s12306-021-00714-x
https://doi.org/10.1097/BRS.0000000000003274
https://doi.org/10.1097/BRS.0000000000003274
https://doi.org/10.1177/2309499020936005
https://doi.org/10.1177/2309499020936005
https://doi.org/10.1007/s00586-013-3027-7
https://doi.org/10.1007/s00586-013-3027-7
https://doi.org/10.1016/j.jspd.2015.03.002
https://doi.org/10.1016/j.jspd.2015.03.002
https://doi.org/10.1016/j.jspd.2013.03.002
https://doi.org/10.1016/j.jspd.2013.03.002
https://doi.org/10.1097/BRS.0b013e3182a3cd90
https://doi.org/10.1097/BRS.0b013e3182a3cd90
https://doi.org/10.1016/j.jspd.2015.12.005
https://doi.org/10.1097/BRS.0000000000001547
https://doi.org/10.1097/BRS.0000000000001547
https://doi.org/10.1097/01.BRS.0000143109.45744.12
https://doi.org/10.1097/01.BRS.0000143109.45744.12

	One stage correction via the Hi-PoAD technique for the management of severe, stiff, adolescent idiopathic scoliosis curves > 90°
	Abstract
	Study design 
	Purpose 
	Methods 
	Results 
	Conclusions 
	Study design 
	Level of evidence 

	Introduction
	Materials and methods
	Study sample
	Data collection
	Surgical technique
	Patients characteristics
	Statistical analysis

	Results
	Discussion
	Conclusions
	References


