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Abstract

Introduction While the effects of VBT on coronal parameters have been investigated in various studies, this has not yet been
the case for sagittal parameters. This is of particular relevance considering that VBT does not allow direct correction of the
sagittal profile. Thus, we investigated the effects of VBT on sagittal parameters in patients with adolescent idiopathic scoliosis.
Materials and methods Retrospective, 2-Center study. Patients who underwent VBT and presented a 2-years follow-up
were included. The differences in sagittal parameters were evaluated, along with modifications of sagittal profile following
Abelin-Genevois’ classification.

Results Data from 86 patients were obtained. Mean Cobb angle was 52.4 +13.9° at thoracic level and 47.6 + 14.3° at lumbar
level before surgery, and 28.5 +13.6 and 26.6 + 12.7° at the 2-year follow-up, respectively. Mean thoracic kyphosis increased
from 28.3 +13.8 to 33 + 13°, the lumbar lordosis (LL) was unvaried (from 47.5+ 13.1 to 48.4+13.5°), PT decreased from
9.4+8.5t0 7.4+6.1°, the sagittal vertical axis SVA decreased from 4.5 +31.4 to — 3.6 +27.9 mm. No kyphotic effect on LL
in patients who underwent lumbar instrumentation was observed. Before surgery, 39 patients had a type 1 sagittal profile, 18
were type 2a, 14 type 2b and 15 type 3. Postoperatively, 54 were type 1, 8 were 2a, 13 were 2b and 11 were type 3.
Conclusions VBT positively influences sagittal parameters and does not have a kyphotic effect on LL.

Keywords Vertebral body tethering - Sagittal profile - Adolescent idiopathic scoliosis - Fusionless scoliosis correction -
Non-fusion anterior scoliosis correction

Introduction

Vertebral Body Tethering (VBT) is currently being investi-
gated as a new option for the treatment of Adolescent Idi-
opathic Scoliosis (AIS): while published results are promis-
ing, the research aiming to identify the ideal candidate for
this technique is still ongoing [1-12]. Scoliosis is a three-
dimensional deformity caused by a lengthening of the anterior
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column in comparison to the posterior elements [13, 14]. The
deformity induced by scoliosis in the coronal plane has been
widely studied and classified, with the Lenke classification
representing the gold standard for both classification and sur-
gical planning in patients with AIS [15, 16]. The Lenke clas-
sification included modifiers to describe the sagittal profile of
scoliotic curves, but this description translated into only lim-
ited guidelines for surgical planning from a sagittal point of
view. It is acknowledged that sagittal balance has a strong cor-
relation with health-related quality of life (HRQoL) in adult
patients [17]. Even if less information is available regarding
the effect of sagittal alignment after AIS surgery on HRQoL
during the adult life, taking this aspect into consideration in
the surgical strategy when planning AIS correction seems
reasonable. As showed by Abelin-Genevois and colleagues,
only 44% of patients with AIS present a physiological sagittal
profile with three alternating curves (cervical lordosis, tho-
racic kyphosis and lumbar lordosis) and are defined as type
1 in their classification [18]. Of the remaining AIS patients,
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type 2 present hypokyphosis, sometimes in conjunction with
kyphosis of the thoracolumbar junction (2b) and type 3 show a
proximal cervicothoracic kyphosis with a long thoracolumbar
lordosis [18]. While it is established that posterior fusion and
the use of osteotomies allow reconstruction of the physiologi-
cal sagittal profile in these patients [18], there are only very
limited data regarding the effect of VBT on sagittal param-
eters [10]. In particular, the role of VBT on the overall sagittal
alignment has not yet been investigated. Furthermore, despite
offering promising advantages in comparison to fusion, as it
does not limit spine mobility [19], lumbar tethering is not per-
formed by many surgeons as an anterior instrumentation may
potentially have a kyphotic effect on the lumbar spine. To the
best of our knowledge, there is no published data regarding
the role of lumbar VBT in respect to sagittal parameters. The
authors of the present study retrospectively analyzed and com-
pared the sagittal profile of patients undergoing VBT before
surgery and at the 2-year follow-up. The aim of this study was
to investigate the effect of VBT on sagittal profile and to rule
out a negative effect of VBT on sagittal alignment.

Materials and methods
Patient recruitment

The present study was conducted according to the Strength-
ening the Reporting of Observational Studies in Epidemiol-
ogy: the STROBE Statement [20]. A retrospective analy-
sis was performed, of all consecutive, skeletally immature
patients (Risser <4 and/or Sanders <7) who underwent
single or bilateral VBT for AIS at two different institutions
(Eifelklinik St. Brigida in Simmerath, Germany and Gre-
noble Alps Scoliosis Center in Grenoble, France) between
June 2017 and July 2019, and for whom a 2-year follow-up
was available. All X-rays were obtained following a stand-
ard protocol to allow comparison of the films. While curve
magnitude is not considered an exclusion criterion for VBT,
the authors perform this technique only in flexible curves
correcting to <30° on bending X-rays. Patients reporting
radiculopathy or neurological deficit at clinical examina-
tion are also not eligible for VBT. Exclusion criteria for the
present study were previous spine surgery, incomplete perio-
perative documentation and incomplete X-rays at follow-
up (e.g., isolated thoracic or lumbar X-ray, missing lateral
projection, low quality of imaging). The ethics committee of
the University of Aachen approved this study (EK 130/19).

Surgical technique
After general anesthesia performed with a double-lumen

tube, patients were positioned in strict lateral decubitus with
the convex side of the curve facing upwards. Thoracic curves
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down to L1 were approached with a video-assisted thoracic
surgery (VATS), with one or two intercostal incisions, about
6 cm each, and one or two thoracoscopic portals. Lumbar
instrumentations were performed via a mini-retroperitoneal
approach. Bilateral surgeries were performed in one stage,
with the lumbar curve instrumented first as, in the authors’
opinion, this step is the more physically and mentally
demanding one [21].

Outcomes of interest

In order to analyze the influence of VBT on sagittal align-
ment, the following parameters were measured on stand-
ing X-rays before surgery and at the 2-year follow-up: tho-
racic kyphosis (TK, T1-T12), lumbar lordosis (LL, L1-S1),
pelvic tilt (PT), pelvic incidence (PI), and sagittal vertical
axis (SVA). The type of sagittal profile (1, 2a, 2b or 3) was
assessed for every subject before surgery and at the last fol-
low-up, following the classification of sagittal profile for AIS
patient developed by Abelin-Genevois and colleagues [18].

Statistical analysis

For the statistical analysis, we referred to IBM SPSS soft-
ware. A two-tailed, paired T Test was performed to compare
the observed sagittal parameters before surgery and at the
last follow-up (TK, LL, PT and SVA). The parameters were
expressed as mean =+ standard deviation and the confidence
interval was set at 95% for all comparisons. Patients were
divided into four subgroups according to the sagittal profile
and comparisons between the subgroups before and after
surgery were performed as percentages. Sub-analysis of LL
in patients who underwent lumbar instrumentation was also
performed.

Results

During the observation period, unilateral or bilateral VBT
was performed on 97 consecutive, skeletally immature
patients. Eleven patients were excluded because of incom-
plete series of X-rays at the last follow-up. Thus, the data
from 86 patients were available for this analysis.

Demographic and perioperative data

Of the 86 considered patients, 72 (84%) were female
and 14 (16%) were male. The mean age at surgery was
13.2 +2.4 years. Thirty-six patients were Risser 0 (42%),
seven were Risser 1 (8%), four were Risser 2 (5%), 19 were
Risser 3 (22%) and 20 were Risser 4 (23%).

Fifty-four patients underwent unilateral VBT (45 tho-
racic and nine lumbar instrumentations) and 32 underwent
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bilateral VBT. On average, 8.5 + 1.8 levels were instru-
mented. The mean estimated blood loss was 318.3 +163.4 ml
(Estimated blood volume 7%, range 2.5-25%), with only one
patient receiving a cell salvage transfusion. The mean length
of surgery was 258.3 +67.8 min; the mean inpatient stay was
8.0+ 1.3 days.

Six postoperative complications were observed: five
recurrent pleural effusion after bilateral VBT and one case of
psoas irritation through the head of the L4 screw. The latter
patient underwent revision surgery to remove the screw in
L4, after which symptoms resolved without affecting curve
correction.

A summary of demographic and perioperative data is
presented in Table 1.

Radiographic data

Before surgery, the mean Cobb angle measured 52.4 +13.9°
at thoracic level and 47.6 + 14.3° at lumbar level. At the
2-year follow-up, the mean thoracic Cobb angle measured
28.5+13.6° (P <0.0001) and the mean lumbar Cobb angle
measured 26.6 +12.7° (P <0.0001). No overcorrections
were observed in this cohort, but 5 patients required revision
(re-tethering) for loss of correction and/or add on scoliosis
after tether rupture.

Regarding sagittal parameters, the mean PI measured
49.8 +11.3°. The mean TK increased from 28.3 +13.8 to
33+ 13° at the last follow-up (P <0.0001). LL remained
stable from 47.5+13.1 to 48.4+13.5° (P=0.3). Also in
the cohort of patients who underwent lumbar instrumen-
tation (41 patients, nine lumbar and 32 bilateral instru-
mentations), LL remained stable from 48.9 +13.9 to
49.1 £16.3° (P=0.8). SVA decreased from 4.5 +31.4 to
—3.6+£27.9 mm (P=0.2). PT decreased from 9.4 +8.5 to
7.4+6.1° (P=0.06).

Performing a sub-analysis of sagittal parameters of
patients who maintained a non-physiological sagittal pro-
file after VBT (postoperative type 2a, 2b and 3), also in
this restricted cohort an increase in TK (from 22 +14.1 to
26.8 +14.6°, P=0.03) was observed, while LL remained
stable (from 45.3+10.8 to 47+ 12.1°, P=0.3).

Table 1 Summary of demographic baseline and intraoperative data

Demographic baseline and intraoperative data

Age (years) 132423

Gender 72 (84%) F; 14 (16%) M
Instrumented level 85+1.8

Surgical duration (min) 258.3+67.8

Estimated blood loss (ml) 318.3+163.4

Hospital stay (days) 8.0+1.3

Results of the radiological parameters are summarized in
Table 2. No kyphotic effect on LL in patients who underwent
lumbar instrumentation was observed.

According to the classification proposed by Abelin-
Genevois [18], before surgery 39 patients were type 1 (45%),
18 were type 2a (21%), 14 were type 2b (17%) and 15 were
type 3 (17%). At the last available follow-up, all patients that
before surgery were type 1 retained the same, physiologic
sagittal profile. Fifteen patients who did not have a physi-
ologic profile before surgery were type 1 after VBT (overall
54 patients, 63%). Most type 2b and 3 patients maintained
the preoperative profile after VBT, while type 2a patients
had a more variable behavior. A summary of the sagittal
profile before and after VBT is shown in Table 3. A clinical
example is presented in Fig. 1.

Discussion

The main finding of this study is that, despite not allow-
ing direct correction on the sagittal plane, VBT positively
influences sagittal parameters. Thoracic kyphosis was sig-
nificantly increased and lumbar lordosis was maintained for
the curves treated. The overall sagittal alignment was very
predictable for type 1, 2b and 3 patients, while 2a patients
showed a more variable behavior. Of note, the majority of
patients had a physiologic profile after VBT, while less than
a half of the subjects had a type 1 profile prior to VBT. A
significant increase in TK was observed both in the entire

Table2 Summary of radiological parameters before surgery and at
the 2-year follow-up, expressed as Mean + Standard Deviation

Before surgery 2-years follow-up P values
Cobb T 52.4+£13.9° 28.5+13.6° P <0.0001
Cobb L 47.6+14.3° 26.6+12.7° P <0.0001
PI 49.8+11.3° - -
TK 28.3+13.8° 33+13° P <0.0001
LL 475+13.1° 48.4+13.5° P=03
SVA 4.5+31.4 mm -3.6+27.9 mm P=0.2
PT 9.4+8.5° 74+6.1° P=0.25

Table 3 Overview of the
sagittal alignment before and
2 years after VBT according
to the Abelin-Genevois
classification

Sagittal alignment

Postoperative
profile

1 2a 2b 3

Preop- 1 39 - - -
erative 2, 8§ 7 2 1
profile 5y 4~ 10 -

3 3 1 1 10
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Fig. 1 Clinical example of an Abelin-Genevois type 1 patient before surgery and at the 2-year follow-up. A type 1, physiologic sagittal profile

was maintained after VBT

cohort and in the patients who presented a non-physiologic
sagittal alignment after surgery (type 2a, 2b and 3). Further-
more, the sub-analysis of patients who underwent lumbar
instrumentation showed that LL did not decrease after VBT,
ruling out a hypothetical kyphotic effect of this technique on
the lumbar spine.

The observed correction on the coronal plane, despite
being statistically significant, cannot be considered repre-
sentative of the clinical findings. The Cobb angles before
and after surgery were measured as average value on the
entire cohort, which comprehended a heterogeneous array
of curves, both instrumented and non-instrumented. This
leads to an underestimation of the size of the treated curves.
A sub-analysis of the different curves and instrumentations
was not performed, as an evaluation of the correction on
the coronal plane was not the aim of this study. While VBT
was originally developed for growth modulation in patients
with a considerable residual growth, this technique is being
increasingly applied in patients approaching skeletal matu-
rity (Risser 4 and/or Sanders 7) [1], relying on the tissue
remodeling process induced by Wolff’s law.

Since the authors included all consecutive patients who
underwent VBT and who fulfilled the inclusion criteria, the

@ Springer

values of blood loss and surgical time in the whole cohort
had not yet the benefit of the right side of the learning curve.
With increasing experience, blood loss reached a plateau of
80-100 ml per treated curve and surgical time was reduced
to about 20 min per screw, even if a plateau has not yet been
reached [22]. These values are coherent with other published
data on VBT [6].

Regarding the analysis of sagittal parameters, we
observed a statistically significant improvement of TK both
in the entire cohort and in patients who had a non-physio-
logic profile after VBT. This finding is of particular clinical
significance, as it is established that scoliosis typically leads
to hypokyphosis and that maintenance of TK is required in
order to preserve LL and consequently sagittal balance [23].

LL remained stable after VBT, also in case of lumbar
instrumentation. The authors believe this could be con-
nected to remodeling of intervertebral disks after surgery,
but further studies are required to support this hypothesis.
As the patients did not present a PI-LL mismatch before sur-
gery (average PI-LL =11°), and the amount of preoperative
LL was similar to that of the healthy pediatric population
[24], an increase in LL was not required nor expected. More
relevant in this setting, is the observation that LL did not
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decrease after surgery, thus ruling out a possible kyphotic
effect of VBT even in case of lumbar instrumentation.

While patients had good global balance before surgery
(as shown by low values of SVA and PT), these values were
further decreased at last follow-up. Increased values of SVA
and PT cause increased muscle effort in standing patients
[17] and its reduction suggest an improvement in the ergo-
nomics of the erect position. Interestingly, the decrease in
both values has been observed despite the increase in tho-
racic kyphosis (which actually acts in the opposite direc-
tion). This phenomenon might be explained by a change in
the architecture of the spinal shape, which provided a more
balanced distribution of body mass over the hip joints.

Given the consistency in the results obtained regard-
ing sagittal profile, the classification proposed by Abelin-
Genevois may represent a powerful tool for the prediction
of sagittal profile after VBT. The type of profile observed
for each patient in the first standing x-ray after surgery
was maintained over time through all follow-ups (data not
shown). Notably, all patients that had a physiologic sagit-
tal alignment before surgery (type 1) maintained it after
VBT, while most type 2b and 3 maintained the preoperative
profile. Many type 2a patients gained a physiologic type 1
profile after VBT. As suggested by Abelin-Genevois and
colleagues, type 2 patients necessitate a restoration of TK,
which can be obtained with Ponte osteotomies at the apex
of the curve in posterior fusion [18]. As VBT allows for
an increase in TK, this may explain the behavior of the 2a
type subjects who gained a physiologic profile after surgery.
However, this mechanism may be not powerful enough to
restore the shape and location of the thoracolumbar junction,
leading to patients type 2b and 3 to maintain the original
sagittal profile.

Being VBT an anterior, non-fusion technique, doubt can
arise regarding its a-priori ability to modify the sagittal pro-
file. Our data show that the thoracic kyphosis is increased
and that the lumbar lordosis is maintained in the instru-
mented curves. No experimental data are available to explain
the mechanism underlying the sagittal improvement. We
suggest one hypothesis that might provide an explanation.
The use of an instrumentation that provides compression to
the anterior column can have a shortening effect on it, and
this would explain the increase in thoracic kyphosis that we
observed. Still, it does not explain why the lumbar lordosis
is not decreased. To explain this aspect, we have considered
that the correction of the lumbar scoliosis pushes the api-
cal vertebrae towards the midline, increasing the length of
the spinal elements into the sagittal plane. In addition, we
hypothesize that the mechanical behavior of the thoracic ver-
sus the lumbar spine can be different, regarding the center
of rotation of the corrective maneuvers and the kinemat-
ics of the thoracic versus the lumbar spine. In the thoracic
spine, the coronally oriented facets favor the rotation of the

motion segments rather than the flexion—extension. This
would create a posterior tension band effect resulting in ante-
rior shortening. In the lumbar spine facet joints are oriented
sagittally, thus favoring flexion—extension over torsion: this
would result in a relaxed posterior column favoring an ante-
rior tension-band effect. Further biomechanic studies will be
required to clarify this point.

Another mechanism that can explain the improvement of
the sagittal profile is positioning of the screws, which allows,
to some extent, derotation of the vertebral bodies. This is
obtained by positioning the screws more posterior at the
apex of the curve, where the vertebrae are most rotated, in
respect to the more anterior screws at the cranial and caudal
ends of the curve, where the vertebrae are in a more neutral
position. We hypothesize that this technique will derotate
the apex by cord-tensioning based on the fact that the screws
will readjust to the shortest distance between each other. It
is possible that derotation at the apex, as performed in VBT,
has the same effect as Ponte osteotomies in posterior fusion,
thus allowing restoration of TK and consequently of a physi-
ological sagittal profile in many type 2a patients. This princi-
ple appears to be insufficient in type 2b and 3 patients, where
the type of sagittal alignment was not modified by VBT.

While VBT allows for an overall improvement of sagittal
parameters, not all patients obtain a physiologic profile after
surgery. However, as VBT has been proven to be a motion-
preserving surgical technique [19, 25, 26], spine mobility
may be able to compensate for a non-physiologic sagittal
profile and thus the achievement of an ideal alignment may
be less relevant than it is for fusion surgery. Further biome-
chanic and long-term studies will be required to confirm
this hypothesis.

This study does not come without limitations, the first
one being the retrospective nature of this work. Further-
more, the number of patients in the cohort is limited, most
of all considering the sub-analysis performed on different
subgroups of patients. Of note, as the measurements were
obtained on 2D films, an overestimation of TK both before
and after surgery is possible; as we measured TK from T1
to T12, we could not perform a correction using the formula
proposed by Parvaresh and colleagues [27]. Further studies
on a bigger cohort and a longer follow-up are required to
better understand the effects of VBT on sagittal parameters.

Conclusion

In conclusion, our study showed that VBT had a positive
influence on sagittal parameters and the majority of the
patients had a physiologic sagittal profile after surgery.
Moreover, lumbar VBT did not have a kyphotic effect on
LL. These findings add important evidence on the effects of
VBT on sagittal parameters, which may also play a role in
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the definition of the ideal candidate for VBT. Further studies
on a larger cohort and with a longer follow-up are required
to clarify this point.
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