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ARTICLE INFO ABSTRACT

Keywords: Background: Vertebral body tethering (VBT) has been originally developed as a growth modulation technique for
VBT the surgical management of skeletally immature patients with adolescent idiopathic scoliosis (AIS). Given the

Scoliosis positive results obtained in this setting, the use of VBT is gradually expanding to other patient categories, such as

S;?;’_V;\];:Odmam" those with no or limited remaining growth or with non-idiopathic scoliosis. Aim of this manuscript is to offer an
Anterior scoliosis correction overview over the current applications of VBT, along with imaging and comments derived from the clinical
EOS experience. The work was based on a literature search conducted in January 2023 on Pubmed, Scopus and Web
AIS of Science databases. Following keywords were used for the search: vertebral body tethering, adolescent idio-

pathic scoliosis, early onset scoliosis, neuromuscular scoliosis, syndromic scoliosis.

Results: Three patient categories in which VBT has been applied have been highlighted: VBT for growth mod-
ulation in AIS, VBT as anterior scoliosis correction in AIS and VBT for non-idiopathic curves or early-onset
scoliosis.

Conclusion: While growth modulation in AIS still represents the most widespread use of VBT, the use of this
technique has yielded positive results in different settings as well, such as scoliosis correction in AIS or temporary
or definitive curve management in non-AIS curves. While long-term results are lacking, patient selection seems to

play a central role to reduce the complication rate and ensure predictable and stable results.

1. Introduction

Vertebral Body Tethering (VBT) is a relatively new and increasingly
popular technique for scoliosis correction in selected adolescent idio-
pathic scoliosis (AIS) patients. VBT has been originally engineered for
the correction of scoliosis through growth modulation’? and represents
a development of vertebral body stapling (VBS). This approach was
developed based on the experience with unilateral growth modulation
in knee joint deformities, aiming to limit the vertebral growth on the
convex side of the curve to obtain curve correction as skeletal maturity
progresses.” > While posterior spinal fusion still represents the gold
standard for the surgical management of scoliosis, this technique only
allows the restoration of a correct alignment of the spine and not of its
function. The aim of VBT is more ambitious, as the goal is to get as close
as possible to a normal spine not only in terms of shape, but also in terms
of function.

In the past years, numerous studies have reported positive radio-
graphic outcomes after VBT,%” not only on the coronal but also on the

sagittal plane.® It has also been shown that, when successful, VBT can
indeed induce growth modulation® and maintain spine mobility.”'’
Further advantages of VBT over posterior spine fusion (PSF) are that
VBT allows a full and quick resumption of activities of daily living and
sports' ! and, so far, does not lead to adjacent segment degeneration.'*'*
Despite being an anterior technique, VBT does not impact the pulmo-
nary function even in case of bilateral surgery with deflation of both
lungs.*

Given the positive experience with VBT as a growth modulation
technique and its potential advantages over PSF, the employment of VBT
is gradually being tested in other patient groups, such as non-idiopathic
scoliosis or AIS patients who have already reached skeletal maturity.
However, the current different possible applications of VBT have not yet
been summarized. Aim of this narrative review is to offer an overview
and clinical examples of different applications for VBT, from the most
common and studied use for AIS correction in skeletally immature pa-
tients with flexible curves to new frontiers such as curve correction in
AIS patients who have reached skeletal maturity, management of non-
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Fig. 1. Example of a 12 year-old girl, Risser 0, with a Lenke 1A curve. One year after VBT, the curve is well corrected and the patient is Risser 4.

idiopathic curves or temporary curve control in early onset scoliosis
(EOS) patient.

The present work is based on literature research performed in
January 2023. Following databases were accessed: Pubmed, Scopus,
Web of Science. The following keywords were used in combination:
vertebral body tethering, adolescent idiopathic scoliosis, early onset
scoliosis, neuromuscular scoliosis, syndromic scoliosis. Only clinical
studies were included in the work.
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2. Results
2.1. VBT for growth modulation in AIS

Growth modulation in skeletally immature AIS patients with flexible
curves represents the classic indication for VBT,'® and thus also the one
that has been most extensively performed and studied. In this setting,
curve correction is achieved by the asymmetrical growth modulation
guided by the Hueter-Volkmann principle.

Many data regarding the use of VBT for growth modulation have
been obtained from a highly selected patient cohort defined by the FDA
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Fig. 2. Example of a 14-year-old boy (Risser 0) with a Lenke 5C curve measuring 52° at index surgery. At the last, 2-year follow-up the curve measured 12° and the
patient was Risser 4. The sagittal parameters remained stable and, in particular, the lumbar lordosis was not affected by the use of an anterior instrumentation.
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Fig. 3. Schematic representation of the per-operative correction needed in
relationship to the remaining growth modulation. The more growth is expected,
the smaller the intraoperative correction required — also to limit the risk of
overcorrection. However, in more mature patients with limited or no growth
potential, a higher amount of intraoperative correction is required as a further
improvement after surgery will likely not occur or be very limited.

humanitarian device exemption (HDE).'® These AIS patients are 8-16
years old, skeletally immature (Sanders <4) and present 35-60° thoracic
curves or lumbar curves <35°.%'%!” However, only about 20% of AIS

patients requiring surgery meet these criteria'® and various authors
outside the USA have published positive data on larger thoracic and
lumbar curves as well.”/%1922

Overall, comprehensive reviews reported optimistic data on the
radiographic results for VBT in growing patients. A recent work reported
data on 843 patients with a minimum 1-year follow-up?*: VBT showed
positive results both for thoracic and lumbar curves, with correction
rates ranging from 50 to 80%.° Another review with a minimum 2 years
follow-up including data from 163 patients calculated that 72% of the
treated subjects had a non-progressive curve at skeletal maturity.>*

However, VBT still shows a relatively high complications rate (18%),
with most complications being represented by pulmonary or implant-
related issues.”>*® The rate of pulmonary complications has been re-
ported to be up to 10%,%° but all patients have recovered without
long-term sequelae.?®%’

The revision rate has been reported at up to 18%, with most reop-
erations being conducted for overcorrection, lumbar add-on or loss of
correction after tether breakage.'”>”*?>?% The rate of overcorrection is
strongly related to the level of skeletal maturity at index surgery, with
the frequency of this complication plummeting when VBT is not per-
formed until the triradiate cartilage (TRC) is closed.”” Tether breakage
occurs more frequently in the lumbar spine and in larger, less flexible

Fig. 4. Example of a 14 years-old patient (Risser 4) with a Lenke 1A curve measuring 41° at index surgery. At the 2-year follow-up, the curve is well corrected and the

compensatory lumbar curve is completely straightened.
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Fig. 5. Schematic representation of the different treatment options for scoliosis
based on the skeletal maturity of the patients and their curve magnitude. The
blue lines represent the Duval-Beaupére evolution of three different evolutive
curve patterns, while the thick dotted black line represents the start of growth
spurts. The ideal VBT curve is the one already severe (<40°) at Risser 0. Other
patients have slower-evolving curves that are not severe enough at Risser 0, but
will cross the 40-45° threshold later. These patients will require either PSF or
ASC, depending on curve type and flexibility.

curves. 30

While this complication is fairly common, only ruptures
occurring within one year from index surgery seem to lead to a consis-
tent loss of correction.’’ However, the exact factors leading to loss of
correction or add-on scoliosis have not yet been clearly identified.

The comparisons between VBT and posterior spine fusion (PSF) are
still limited. PSF allowed a better curve correction and more stable re-
sults over time, %> but VBT could prevent or delay PSF in most cases.>”
The rate of complication and revision rate after VBT was higher than
that observed after PSF.?®*® Spine mobility was, as expected, better
preserved after VBT,'**3% and patient reported outcome measures
(PROMs) were equal to or better than those recorded after PSF. %3436

In sum, VBT for growth modulation showed very promising clinical
results and was proved to deliver the promises of a preserved mobility
and high postoperative quality of life. The rate of complications and
reoperations were still higher than those observed for PSF and patient
selection process likely plays a critical role in improving the success rate.
However, the complication rate needs to be interpreted in regard of the
different considered parameters (geometry, motion and growth). The
ultimate goal of VBT is to normalize the spine in terms of shape and
function, so the question is: what is acceptable for the surgeon and the
patient to reach that objective? For example, removal of the screws after
normalization of the lower limb axis is not considered a complication of
femoral epiphysiodesis. In the same way, cutting the tether in case of
overcorrection would normalize the alignment of the spine. Still, we
would like to stress that complications or reoperations that could be
avoided with an improvement of the patient selection process should not
be accepted and that not all curves are eligible for VBT. The patients and
their families need to be informed of the different options available and
the expected outcomes, complications, and revisions. Because there is a
choice, patients and parents need to be involved in the decision.

Examples of the use of VBT for growth modulation is shown in Figs. 1
and 2.

89

Journal of Orthopaedics 37 (2023) 86-92

2.2. VBT for curve correction, a.k.a. anterior scoliosis correction (ASC),
in AIS

A more recent and still debated use of VBT is that of curve correction
in young AIS patients who have already reached or are approaching
skeletal maturity. The term VBT-ASC has been recently introduced to
differentiate this approach from the traditional growth modulation
technique.”” However, a consensus on the definition of “skeletal matu-
rity” in this setting has not yet been obtained, with the threshold varying
between Risser >3 37-38 and Risser >4 3°. From a biologic point of view,
ASC probably relies on soft tissue modulation (Davis’ law) rather than
bone remodeling to achieve curve correction,’ so that a direct intra-
operative correction of the curve is required for these patients. The
objective is to keep motion where it is still present: flexibility is
mandatory. In this regard, most lumbar curves and some thoracic curves
are eligible.

Four manuscripts have specifically focused on the use of VBT in this
setting: all have shown positive results, however, as expected, no further
curve improvement was obtained after index surgery.’’ >%*! At the last
available follow-up (1-5 years), curves treated with VBT-ASC measured
between 16° and 29° on average.”’ >° While tether breakage was
documented in most series,>**! only one patient required revision sur-
gery for loss of correction.*!

Two works compared the results obtained in immature and mature
patients.’”>*® Bernard et al. observed very similar radiographic results in
the two cohorts (19° vs 16° at a mean 5-year follow-up in immature and
mature patients, respectively); the failure rate (Cobb >35°) was also the
same in the two groups, but secondary surgery or conversion to fusion
were reported only among skeletally immature patients.”” Von Treu-
heim et al. observed a better curve correction (15° vs 29°) and a better
success rate (Cobb <35°, 94% vs 79%) in the skeletally immature group,
but a similar rate of tether breakage (12%) and no revision surgeries at
the 2-year follow-up.”® As age and skeletal maturity do not represent risk
factors for early tether breakage,’ the rate of this complication is not
expected to differ among immature and mature patients and von Treu-
heim’s study confirms this finding.

As the instrumented curves are not expected to further improve and
as overcorrection is not a concern in this group of patients,”’ surgeons
should aim for full correction of the curve at index surgery*’ (Fig. 3). It is
important to highlight that, as growth is a continuous rather than a
dichotomous variable, a balancing of growth modulation and intra-
operative correction is present in almost all VBT surgeries.

Overall, while first reports are optimistic, data are still too limited to
reach a definite conclusion on the use of VBT in skeletally mature pa-
tients. VBT-ASC might be of particular interest in skeletally mature pa-
tients with lumbar curves, in an effort to avoid PSF of the lumbar spine.
In this case, the philosophy of VBT is similar to that of selective thoracic
fusion (STF), where the focus is placed on maintaining the lumbar spine
unfused. However, long term data on the ability of lumbar VBT-ASC to
prevent curve progression or degeneration are not yet available.

Fig. 4 shows an example of the use of VBT-ASC.

Fig. 5 offers an overview of the different available management
strategies for idiopathic scoliosis. It is clear from this image that the
treatment options sometimes overlap and it is thus important to discuss
with the patients and their families what techniques are available and
what the risk/benefit ratio of each treatment is in each patient.

2.3. VBT for non-AIS cases

While VBT has originally been developed for AIS patients, a recent
publication described its use in patients with non-idiopathic scoliosis. **
For idiopathic-like curves, the selection process would be similar to that
used for AIS. The use of VBT in neurological or neuromuscular cases is
more complex, but of value is some specific cases and in particular for
ambulant patients. When considering VBT for these patients, the sur-
geon must take into account the natural evolution of the curve in the
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Fig. 6. Example 12-years old patient affected by Williams-Beuren syndrome. At index surgery the TRC were open and the patient presented a 65° Lenke 2B curve. At
the last, 4-year follow up, both the main thoracic and the compensatory curve are stable and, if necessary, thoracic fusion could still be performed at skel-

etal maturity.

specific pathology, along with spine geometry, motion, and growth. This
complexity explains the heterogeneity of the published series. Further-
more, this patient collective is often more prone to infections than AIS
patients*>** and may thus profit from a less invasive surgical approach.
VBT may also help reducing postoperative pain and improve mobiliza-
tion, thus limiting the risk for pulmonary complications, which are also
not infrequent among non-idiopathic patients.*®

The available data are encouraging, with 45% of patients who ach-
ieved a <35° curve after surgery.”” However, patients with neuro-
muscolar scoliosis and those with larger curves obtained poorer
results.”? Further research will be required to better identify which
non-idiopathic patients can profit the most from VBT.
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Another multicentric study investigated the results of VBT in EOS
patients and compared them to those obtained with magnetically-
controlled growing rods (MCGR).*® MCGR is knowingly associated
with a high complication and reoperation rate,” which in turn may lead
to conspicuous soft tissue scarring, problematic wound healing and in
most cases spontaneous fusion. The employment of VBT instead of
MCGR would hopefully show a lower complication rate and would allow
to maintain mobility and intact dorsal tissue until definitive PSF can be
performed. Mackey et al. observed a better curve correction and a lower
rate of implant-related complications and unplanned surgeries than in
patients who underwent MCGR."® The number of planned surgeries was
also smaller for VBT patients, but this might have been partially due to
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Fig. 7. Example of a 14-years-old patient (Risser 0, closed TRC) affected by a genetic disorder and with a progressing 65° lumbar curve. At the last, 3-year follow-up,
the lumbar curve is controlled and, while there is a slight overcorrection at the thoracolumbar junction, this allows for a better coronal balance. As the patient is
almost non-ambulant, a maintained coronal alignment is of particular significance as it facilitates sitting.

the slightly older age and smaller curve magnitude of the subjects in this
group.“® However, performing VBT in small patients may lead to tech-
nical issues as vertebral bodies are small and medical devices available
are bulky in regard to the rib cage.

Another advantage of VBT in EOS treatment is to prevent the
development of structural lumbar curves and leave the possibility of STF
at skeletal maturity. In fact, growth modulation first occurs at the
thoraco-lumbar junction, where flexibility is key and vertebral bodies
are not wedged. Thus, VBT could control the progression of the curve in
the lumbar spine thus prevent the necessity of lumbar fusion at skeletal
maturity. This is not possible with MCGR constructs, where instru-
mentation of the lumbar spine is a common requirement.

These first studies suggest that VBT might be an option for the
management of selected non-AIS patients, but the outcomes might be
less predictable that in AIS patients. Also in this setting, patient infor-
mation plays a central role to ensure the understanding of the surgical
strategy and the perception of what a success will be. Clinical examples
are shown in Figs. 6 and 7.

3. Conclusion

VBT is proving to be a flexible tool that may, in the future, be
employed in different settings than those for which it was originally
developed. However, VBT is a more subtle technique than fusion and
patient selection is critical to ensure success. Research for the identifi-
cation of the ideal candidate for VBT is still ongoing and potentially
different uses of VBT will require different patients’ characteristics in
terms of curve type, magnitude and flexibility in order to be successful.
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