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Abstract

Purpose Thoracic adolescent idiopathic scoliosis (AIS)
curves (Lenke 1-4) are often characterized by hypoky-
phosis. Sagittal alignment remains challenging to correct,
even with recent posterior segmental instrumentation.
Some authors recommend anterior endoscopic release
(AER) to reduce anterior column height, and facilitate
thoracic kyphosis correction. The aim of this study was to
assess the contribution of AER to sagittal correction in
hypokyphotic AIS.

Methods Fifty-six hypokyphotic (T4T12<20°) AIS
patients were included. In group 1 (28 patients), patients
first underwent AER, followed by posterior instrumenta-
tion and correction 5-7 days later. In group 2 (28 patients),
patients underwent the same posterior procedure without
AER. Posterior correction was performed in all cases using
posteromedial translation and hybrid constructs consisting
of lumbar pedicle screws and thoracic sublaminar bands.
From radiological measurements performed using low-
dose EOS radiographs, the correction of thoracic kyphosis
was compared between the two groups.

Results Groups 1 and 2 were comparable regarding
demographic data and preoperative thoracic kyphosis
(group 1: 11.7° £6.9° vs group 2: 12.1° %+ 6.3°,
p = 0.89). Postoperative thoracic kyphosis increase aver-
aged 18.3° £ 13.6° in group 1 and 15.2° £ 9.0° in group
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2. The benefit of anterior release was not statistically sig-
nificant (p = 0.35).

Conclusion Although previous studies have suggested
that thoracoscopic release improved correction compared
to posterior surgery alone, the current study did not confirm
this finding. Moreover, results of the current series showed
that no significant benefit can be expected from AER in
terms of sagittal plane improvement when the posterome-
dial translation technique is used, even in challenging
hypokyphotic patients.

Keywords Adolescent idiopathic - Scoliosis -
Hypokyphosis - Posteromedial translation -
Sagittal alignment

Introduction

Adolescent idiopathic scoliosis (AIS) is a progressive
three-dimensional deformity, often responsible for flatten-
ing of sagittal curves. Lenke 1-4 AIS patients often present
with thoracic hypokyphosis, which has been associated
with pulmonary function impairment [1, 2]. The aim of
surgery is to restore a physiological trunk shape through
three-dimensional correction of the deformity [2—4].
Correction of AIS can be achieved using various tech-
niques. Practically all posterior surgical techniques for
treatment of Lenke 1-4 AIS include use of pedicle screws.
In early reports, these pedicle screws were combined with
hooks, wiring or cables in the proximal, thoracic portion of
the constructs. In 1995, Suk et al. [5] proposed the use of
pedicle screws throughout the posterior construct including
the thoracic portion. Although all-screw constructs are still
widely used, these have some limitations, such as the
sagittal correction of the thoracic spine, that have been
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recently emphasized in Lenke 1 AIS [6, 7]. In addition, the
smaller pedicle size and the vertebral dystrophy frequently
observed in the concavity of the deformity increase the risk
of potential pedicle screw-related complications, such as
neurologic and vascular injuries or pleural tears [8]. On the
other hand, some surgeons now prefer hybrid constructs
with sublaminar bands not only for the low complication
rate, but also because posteromedial translation mediated
by periapical sublaminar bands provides better sagittal
correction than all-screw instrumentation, while the coro-
nal correction is equivalent [7, 9].

Nonetheless, in hypokyphotic AIS, correcting sagittal
malalignment remains challenging. Some authors have
proposed a preliminary anterior endoscopic release (AER),
to reduce the anterior column height and, therefore, facil-
itate improvement of thoracic kyphosis [10, 11]. Origi-
nally, the indication for combining AER to posterior
correction in the treatment of spinal deformity was severe
or stiff curves (Cobb > 6(3, reducibility < 50 %). Subse-
quently, some authors proposed AER to optimize the
postoperative sagittal alignment [12, 13, 16]. Recent
studies have reported promising sagittal results with hybrid
constructs using thoracic sublaminar bands [7, 9]. In this
series, however, indications for and rate of anterior release
varied. Consequently, it was difficult to assess the relative
contributions of posteromedial translation and anterior
release to the observed improvement of thoracic kyphosis.

The aim of the present study was to assess the influence
of anterior endoscopic release on sagittal correction in
hypokyphotic AIS patients treated using posteromedial
translation.

Methods
Patients

Following institutional review board approval, 56 consec-
utive patients were included between 2008 and 2011 in this
retrospective study involving two different centers. Inclu-
sion criteria were thoracic AIS patients treated surgically
and presenting a thoracic hypokyphosis, corresponding to a
sagittal T4T12 Cobb angle <20° and who had reducibility
of the main coronal curve below 50 % on bending films. A
minimum 2-year follow-up was required. All patients were
evaluated before surgery, in the early postoperative period,
at 6 months and 1 year after surgery, and at last follow-up.
None of the patients have had prior spinal surgery.

Radiographic measurements

All patients underwent biplanar radiographs in a standing
position using the EOS system (EOS imaging, Paris, France)
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following a previously described acquisition protocol [14,
15]. The EOS system is used instead of conventional X-rays
in these units for routine clinical workups. Patients main-
tained their arms folded at 45° to avoid superposition with
the spine. All images included the base of the skull and the
upper third of the femurs. Parameters assessed in the sagittal
plane were lumbar lordosis, measured from the upper end-
plate of L1 to the upper endplate of S1; thoracic kyphosis
(TK), measured from the upper endplate of T4 to the lower
endplate of T12; and cervical lordosis, measured from the
lower endplate of C2 to the lower endplate of C7 (the values
were negative in cases of lordosis and positive in cases of
kyphosis). Pelvic parameters included pelvic incidence (PI),
pelvic tilt (PT) and sacral slope (SS) [16]. Radiographic
analysis in the coronal plane included Cobb angle mea-
surements and frontal C7 tilt.

Operative procedures

Patients were divided into two groups based on the type of
surgical approach. In the first institution (group 1, 28
patients), patients underwent AER followed by posterior
correction 5-7 days later. In this center, the indication for
thoracoscopy was a stiff main curve with reducibility
below 50 % on bending films and only hypokyphotic
patients were included as described above. In the second
center (28 patients), patients were treated during a single
posterior procedure and AER was never performed. Three
experienced senior surgeons were involved: two in the
first center and one in the second center. In both centers,
the posterior correction technique was exactly the same,
in all cases: posteromedial translation using hybrid con-
structs combining lumbar pedicle screws, thoracic subla-
minar bands (Universal Clamps, Zimmer Spine,
Bordeaux, France), and 5.5 titanium alloy rods. Fusion
levels were selected following the same criteria in the two
groups during the study period [17, 18]. During the pos-
terior procedures, spinal cord function was monitored by
means of somatosensory/motor-evoked potentials. AER
was performed as previously described: patients were
operated in the lateral position, with two endoscopic ports
on the convex side of the deformity [22]. The release
included the apex of the deformity as well as two discs
above and two discs below the apical vertebra [19]
(Fig. 1). No bone graft or instrumentation was applied
during the thoracoscopy procedure. As recommended by
Suk et al. [20], thoracoplasty was performed in patients
with a rib hump greater than 15°.

Statistical analysis

Paired ¢ tests were used to analyze differences between
preoperative and postoperative curves within each group.
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Fig. 1 Preoperative and latest follow-up lateral and AP radiographs of a 14-year-old girl with thoracic AIS

All variables were normally distributed and comparisons
between the two groups were performed using unpaired
t tests. Statistical significance was defined as p < 0.05.
Statistical analysis was performed using SPSS version 20.0
(SPSS Inc., Chicago, IL, USA).

Results
Patients’ presentation and surgical procedure

Demographic data of the two groups are summarized in
Table 1. According to the AIS classification described by
Lenke et al. [21], there were 29 patients with type 1 AIS
(51 %), 19 with type 2 (34 %), 8 with type 3 (15 %) and
none with type 4. Patients from center 1 and 2 were
comparable in terms of preoperative T4-T12 kyphosis,
cervical alignment (which was kyphotic) and pelvic
parameters, the values of which are provided in Table 2.
However, the preoperative main Cobb angle was signifi-
cantly greater in group 1 (p = 0.01). The average number
of instrumented levels was 12.7 (£1.1) with an average of
4.6 (£1.7) screws and 7.2 (£1.8) sublaminar bands. No
difference was found between groups in terms of level
fused and number of implants used for correction. The
anterior release included a mean of 4.5 (£0.9) discs.

Table 1 Demographic and operative data of the two groups

Group 1: Group 2: Significance
AER + posterior  posterior
correction correction only
(n = 28) (n =28)
Age at 154 £ 15 151 £ 1.5 NS
operation
Gender 23 Females 20 Females NS
5 Males 8 Males NS
Instrumented 12.8 £ 0.9 13.0 £ 1.2 NS
levels

Curve correction

Results obtained in the frontal and sagittal plane are
reported in Tables 3 and 4. In the sagittal plane, TK sig-
nificantly increased postoperatively in both groups
(p < 0.001). At last follow-up, 75 % of the patients had a
TK greater than 20° in group 1 and 85 % in group 2.
Comparative analysis revealed that the benefit of anterior
release was not statistically significant in terms of hy-
pokyphosis correction. The mean thoracic kyphosis gain in
the thoracoscopy group was 18.3° (£13.6) compared to
15.2° (£9.1) in the group without AER (p = 0.33). Cer-
vical lordosis was increased in both groups (change in
group 1: —9.7° (£13.1), p = 0.005, change in group 2:
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Table 2 Preoperative

_ h Group 1: AER + Group 2: posterior Significance

radiographic data of the two posterior correction correction only

groups
Main curve 68.7 £ 15.2 58.1 £16.3 0.02
Thoracic kyphosis T4T12 11.7 £ 6.9 12.1 £ 6.1 NS

T1 sagittal OﬁCF? is a Lumbar lordosis L1S1 —52.4 + 10.1 —40.7 £ 13.6 0.001

measurement of the global Cervical lordosis C2C7 48 £ 106 52+ 116 NS

spino-pelvic alignment,

— denotes that T1 is posterior to Pelvic incidence 53.5 £ 10.2 47.1 £ 14.8 NS

the posterosuperior corner of S1 Pelvic tilt 8.7+ 6.5 7.6 £6.3 NS

and + denotes that T1 is T1 sagittal offset 09 £ 46 15422 NS

anterior to this point

Table 3 Improvement in Preoperative ~ Postoperative ~ Follow-up Correction  Significance

coronal and sagittal plane ©) ©) ©) ©)

achieved in group 1 (patients

with AER and posterior Main curve 687+ 152 321 +£150 288+174 386+ 146 001

correction) Thoracic kyphosis TAT12 117 £69 264+ 122 3234119 183+ 13.6 <0.001
Lumbar lordosis L1S1 —524 +10.1 —-603 £12.1 -5954+129 —-42+21.7 0.04
Cervical lordosis C2C7 48 +10.6 —-108£132 —-67+150 —-9.7+13.1 0.005
Pelvic tilt 87+65 - 91 %55 - NS
T1 sagittal offset —-09+46 - —0.8 £3.9 - NS

Table 4 Improvement in Preoperative ~ Postoperative  Follow-up Correction Significance

coronal and sagittal plane ©) ©) ©) ©)

achieved in group 2 (patients

with posterior correction alone)  Main curve 58.1 £163 187 £9.7 198 £70 382£142 <0.001
Thoracic kyphosis T4T12 121 £ 6.1 242478 2725 +93 152 +9.1 <0.001
Lumbar lordosis L1S1 —40.7 £ 13.6 —449 £ 11.1 —-4554+92 —48+123 NS
Cervical lordosis C2C7 524+ 116 —-38+112 —41+123 -89+ 145 0.006
Pelvic tilt 76 +63 - 7.4 £+ 6.6 - NS
T1 sagittal offset -15+22 - -17+£22 - NS

—8.9° (£14.5), p = 0.006). In the coronal plane, the main
Cobb angle corrections were significant in both groups
(change in group 1: 38.6° (+14.6), p = 0.01 and change in
group 2: 38.2° (£14.2), p < 0.001). The contribution of
anterior release was not statistically significant in terms of
main Cobb angle correction, with a mean coronal correc-
tion of 38.6° (+14.6) in group 1 and 38.3° (+14.2) in group
2 (p = 0.94) (Table 5). At last follow-up, the main curve
correction was 56.4 % in group 1 and 63.4 % in group 2
without significant difference between groups (p = 0.10).

Hospital stay and complications

The mean length of hospital stay was 5 days longer in
group 1, due to the treatment protocol, with an average of
5.4 + 3.4 days between the AER and the posterior cor-
rection. No intraoperative complication related to the
posterior correction was reported in either group. In
particular, no significant change in the monitored
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somatosensory/motor-evoked potential was observed. After
surgery, there was no transient or permanent dysesthesia,
paresthesia or paraplegia. After 2 years, there was no loss
of sagittal correction in either group and none of the
patients had a severe loss of the major curve correction.

Four complications related to the thoracoscopic release
were observed, including severe pneumothorax requiring
evacuation in two patients and pleural effusion treated with
physiotherapy in two other patients. Two infections in
group 1 and one in group 2 were treated by surgical
debridement (p > 0.05).

Discussion
Sagittal plane improvement

In spinal deformity surgery, recent literature has high-
lighted the importance of sagittal plane analysis and the
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Table 5 2 years follow-up,

comparison between the two
groups in terms of coronal and
sagittal improvements

Group 1 Group 2 Significance

Main curve (°) 28.8 + 174 19.8 +£ 7.0 0.001
Main curve correction (°) 38.6 £ 14.6 382 £+ 14.2 NS
Main curve correction (%) 56.4 + 15.5 63.4 £+ 10.6 NS
Thoracic kyphosis T4T12 (°) 323 £ 119 2725 £93 NS
Thoracic kyphosis T4T12 correction (°) 18.3 £ 13.6 152 £9.1 NS
Lumbar lordosis L1S1 (°) —59.5 £ 129 —455+9.2 <0.001
Lumbar lordosis L1S1 correction (°) —4.2 + 21.7 —4.8 £ 12.3 NS
Cervical lordosis C2C7 (°) —6.7 £ 15.0 —4.1 £ 123 NS
Cervical lordosis C2C7 correction (°) —8.9 £ 145 —8.9 £ 145 NS
Pelvic tilt (°) 9.1 £55 74 + 6.6 NS

T1 sagittal offset (°) —-0.8 £ 3.9 —1.7+£22 NS

potential impact of spino-pelvic alignment on pain and
disability later in life [22-24].

As suggested by Winter et al. [4] and Kim et al. [3],
restoring physiologic TK should reduce the risk of pro-
gressive junctional kyphosis at the extremities of the fused
spine. In 2013, Clément et al. [25] found a significant
correlation between thoracic kyphosis and proximal lor-
dosis in AIS suggesting that sagittal improvement might
better ensure long-term results and decrease the rate of
long-term decompensation by proximal kyphosis.

Nonetheless, correcting hypokyphosis in AIS remains
challenging. Some authors previously reported that pedi-
cle screw constructs provided a better correction of the
sagittal kyphosis associated with coronal deformity [26].
However, Vora et al. [7] recently concluded from a
multicenter retrospective study that pedicle screw con-
structs tend to lordose the thoracic spine. Others have also
reported the difficulty of restoring physiologic TK in AIS
patients treated by selective posterior thoracic fusion with
all-screw constructs [27, 28]. Moreover, Senaran et al. and
Upendra et al. [29, 30] reported a 10 and 18 % rate of
unacceptable pedicle screws placement, respectively. In
the present study, hypokyphosis was effectively corrected
in each group with a mean increase of 15° in one group
and 18° in the other, similar to the best results of previous
studies, and no proximal junctional kyphosis was
observed at final follow-up [6, 7, 27, 28, 31] (Tables 3, 4)
Fig. 1.

Hypokyphosis and pulmonary function

Recent studies showed that thoracic volume is positively
correlated with TK (r = 0.31, p = 0.006) and that forced
vital capacity and forced expiratory volume in 1 s are
significantly lower in hypokyphotic patients (p = 0.04 and
p = 0.03, respectively) and correlated with thoracic vol-
ume and T4-T12 kyphosis [2]. Johnston et al. [1] previ-
ously reported that preoperative pulmonary tests were

clinically impaired in 19 % of AIS patients and correlated
significantly with the main thoracic curve and sagittal plane
deformity severity. These findings reinforce the importance
of sagittal alignment improvement.

Posteromedial translation technique

The posteromedial translation technique using sublaminar
bands has been widely described, with successful results in
both AIS and neurological scoliosis [18, 32]. Previously,
Mazda [33] demonstrated that posteromedial translation
could reduce cervical and thoracic flattening in AIS. A
similar improvement in cervical lordosis was found in the
present study with a mean gain of 9°. Sales de Gauzy et al.
[34] and Ilharreborde et al. [18] have also confirmed that
hybrid constructs including sublaminar bands improved
both sagittal and coronal correction compared to hook
hybrid constructs. Their results confirmed that there was no
significant loss of either immediate postoperative sagittal
improvement or coronal correction achieved by sublaminar
band hybrid constructs, consistent with the results of the
current study at 2-year follow-up. The current study
revealed an effective correction of hypokyphosis in AIS
patients: 56.4 and 63.4 % of the patients had a postopera-
tive kyphosis greater than 20° postoperatively, respec-
tively, in the group with and without AER. This suggests
that AER does not provide additional sagittal correction
when posteromedial translation with sublaminar bands is
used for AIS correction. These findings could be explained
by the deformity correction technique mediated by subla-
minar bands, which progressively translate the spine
toward the rods present in the sagittal plane [14]. A similar
successful correction was achieved in the coronal plane by
the two techniques (Fig. 1). In the group without AER,
mean coronal correction of 63.4 % was similar to that
obtained in previous series [27, 35]. In the group with
AER, mean coronal correction was 56.4 %. In the latter
group, the preoperative Cobb angle was significantly
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greater. The larger Cobb angle in group 1 could be asso-
ciated with stiffer main curve which probably contributed
to the greater residual Cobb angle observed in group 1
despite the AER.

Anterior endoscopic release

The first reports of AER were published in the 1990s [36].
Previously, the primary indications for performing anterior
release in addition to posterior instrumentation and fusion
were the treatment of severe stiff curves or to prevent the
crankshaft phenomenon [37, 38]. Some authors reported
that thoracoscopic release improves correction compared to
posterior surgery alone, and reduces morbidity compared to
thoracotomy [39, 40]. Nevertheless, AER is a surgeon-
dependent procedure with a learning curve that contributes
to morbidity [12, 41]. Moreover, most studies on AER for
scoliosis have focused only on coronal correction [39, 42,
43]. Although previous studies have shown that thoraco-
scopic release improved correction compared to posterior
surgery alone, results of the current study did not find a
significantly better improvement in Cobb correction with
AER. It might be due to use of new posterior implants and
techniques such as posteromedial translation [14, 18, 31].
Recently, Longis et al. [44] and Burton et al. [45] studied
rigid scoliosis correction with or without anterior release
and also reported no differences in frontal correction either
postoperatively or at final follow-up. However, to date no
study compared AER and posteromedial translation tech-
nique in stiff scoliosis curves correction. Moreover, in the
current study, 4 (14 %) thoracoscopy-related complications
were observed and the length of stay was longer in this
group due to the treatment protocol. If indicated, however,
thoracoplasty was performed during the same anesthesia as
the AER [46].

Limitations of the study

There are several limitations in this study. This is a retro-
spective study with no functional assessment, but at the
time of these surgeries, the SRS 22 questionnaire had not
yet been validated in French [47]. The flexibility in the
sagittal plane was not routinely assessed preoperatively.
However, it could be interesting to analyze the relationship
between the preoperative sagittal flexibility and the post-
operative kyphosis improvement using a formula similar to
the Cincinnati Index [7]. Although the follow-up period
was short (a minimum of 2-year follow-up), it is now
accepted that almost all loss of coronal correction after
fusion in AIS occurs during the first two postoperative
years, while the immediate postoperative value of TK tends
to improve during follow-up regardless of the posterior
construct used [48].
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Conclusion

Although previous studies have suggested that thoraco-
scopic release improved correction compared to posterior
surgery alone, the current study did not confirm this find-
ing. Moreover, results of the current series show that no
additional significant benefit can be expected in the sagittal
plane from AER when the posteromedial translation tech-
nique with sublaminar bands is used, even in challenging
hypokyphotic patients. The posteromedial translation
technique with sublaminar bands is an efficacious and
reliable treatment for hypokyphotic AIS, both in the frontal
and sagittal planes. Moreover, in patients who underwent
AER, more complications occurred with a longer average
hospital stay.

Conflict of interest None.
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