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Abstract

Purpose Anterior vertebral body tethering (AVBT) was introduced as a fusionless alternative to treating adolescent idiopathic
scoliosis (AIS) while preserving range of motion (ROM). This is the first systematic review to compare the ROM outcomes
between AVBT and PSF in treating AIS.

Methods We conducted a comprehensive search on PubMed, EMBASE, MEDLINE, and Cochrane Library. Inclusion cri-
teria were patients with AIS treated with AVBT or PSF or both, and clearly defined ROM outcomes; exclusion criteria were
scoliosis other than AIS, biomechanical or cadaveric studies, non-English publications, case reports, conference summaries,
unpublished literature, commentaries, and reviews. Primary outcome was ROM. Secondary outcomes included Cobb angle
correction, quality of life (QOL), complications, and muscle strength and endurance.

Results Twelve studies were included in this review. We found moderate evidence to support that AVBT results in superior
ROM outcomes than PSF while achieving comparable Cobb angle correction with low evidence. The comparison of QOL
outcomes between AVBT and PSF remained inconclusive. In addition to the complications noted conventionally in PSF,
AVBT could result in over-correction and distal adding-on. We also found very low evidence to support that AIS patients
treated with AVBT have superior muscle strength and endurance when compared to those treated with PSF.

Conclusions AVBT provides better preservation of ROM and muscle strength postoperatively when compared with PSF,
while achieving comparable curve correction. Future studies should explore the spinal growth trajectory to determine the
window of opportunity for AVBT in AIS.

Keywords Adolescent idiopathic scoliosis - Anterior vertebral body tethering - Posterior spinal fusion - Range of motion -
Mobility outcome

Introduction

Adolescent idiopathic scoliosis (AIS) is a three-dimensional
(3D) spinal deformity characterized by (i) the lateral spinal
curvature in the frontal plane, (ii) a disturbance of physi-
ologic spinal curvatures in the sagittal plane, and (iii) an
axial rotation of the vertebrae in the transverse plane [1-5].
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The overall prevalence of AIS is 0.47-5.2% with the female-
to-male ratio ranging from 1.5:1 to 3:1 [1]. If left untreated,
these deformities may progress and result in back pain, car-
diopulmonary problems, and psychosocial concerns [2].

The current management for AIS includes conservative
and surgical treatment [6]. For conservative treatment, exer-
cise and routine screening can be adopted for more mature
patients with smaller Cobb angles, otherwise bracing will be
considered for moderate curves (25-40°) [7, 8]. In unbraced
patients, an initial Cobb angle of more than 25° and thoracic
curves have been shown to be major predictors of curve pro-
gression [8]. For severe Cobb angles (>40-50°), posterior
spinal fusion (PSF) is considered [9, 10].

Due to the fusion of the vertebrae with screws and rods,
PSF may result in some undesirable mobility outcomes,
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including loss of range of motion (ROM) of the fused verte-
bral segments, reduced capability in performing high-inten-
sity physical activities, and increased risk of degeneration
and arthritis of adjacent segments [11-13]. To overcome
these limitations, anterior vertebral body tethering (AVBT)
was popularized and subsequently approved by the US Food
and Drug Administration (USFDA) as a non-fusion alterna-
tive in 2019 [14]. By anterior thoracoscopic or mini-open
(small thoracotomy) approach, AVBT introduces tether and
screws on the convex side of the spine to restrict its growth
while permitting growth of the concavity until the length of
spine is similar to the tethered side, correcting the scolio-
sis. AVBT is usually indicated in patients with single major
thoracic curve 30-65° having Sanders maturity score of 3-5
[14,15].

Compared with PSF, AVBT is expected to have greater
postoperative ROM. However, there has been no systematic
review demonstrating definitive improvement in postopera-
tive ROM in patients treated with AVBT. Therefore, this
study aims to compare current studies for any significant dif-
ference in post-AVBT/PSF mobility. Secondary objectives
included a comparison of Cobb angle corrections, quality of
life (QOL), surgical complications, and postoperative trunk
strength and endurance.

Methods
Literature search strategy and selection criteria

The literature search and reporting of study results were
conducted according to the Preferred Reporting Items
for Systematic reviews and Meta-Analyses (PRISMA)
Statement [16] and was registered on PROSPERO
(CRD42022371586). Two independent investigators per-
formed an extensive search on the following databases:
PubMed, EMBASE, MEDLINE, and Cochrane Library
(Fig. 1). All fields were searched in the databases using
the following keywords: “adolescent idiopathic scolio-
sis” AND (“tether” OR “anterior growth modulation” OR
“anterior vertebral body growth modulation” OR “poste-
rior spinal*”) AND (“Range of motion” OR “flexibility”
OR “mobility”). The detailed search items are included
in the Supplementary Material. All articles published
on or before July 31, 2022 were retrieved and screened.
Potentially relevant abstracts were screened based on the
inclusion and exclusion criteria (Table 1), and full-text
articles were obtained for eligible results. The references
of each included article were screened for any other per-
tinent articles. Any discrepancies in the final decision of

inclusion were settled through discussion with all authors.
The search results are detailed in the results section and
Fig. 1.

Data extraction

The primary outcome extracted was the ROM (Supplemen-
tary Table 1), as measured clinically, radiologically using
side-bending radiographs, and dynamically using the Vis-
sers Construction Nieuw-Vennep (VICON) motion cap-
ture system. Clinical measurements were conducted using
DAVID® device (David Health Solutions Ltd., Helsinki,
Finland), a goniometer or a measuring tape during physical
examination.
Secondary outcomes extracted are listed below:

(1) Cobb angles of the major curves (Supplementary
Table 2), either preoperatively and postoperative or the
curve correction as measured radiologically as Cobb
angles following AVBT or PSF.

(2) Quality of life (QOL) (Supplementary Table 3)—as
reported by 36-item Short Form (SF-36), 22-item Sco-
liosis Research Society (SRS-22), and 24-item Scolio-
sis Research Society (SRS-24) questionnaires.

(3) Complications (Supplementary Table 4), including
over-correction, device/procedure-related adverse
events, distal junctional kyphosis (DJK), subluxation,
pseudoarthrosis, degenerative complications, and radi-
ologic imbalance. The complication over-correction is
a specific complication for AVBT when “too small”
of a deformity is treated in a patient with “too much”
growth remaining [17].

(4) Other relevant reported outcomes (Supplementary
Table 5): flexor and extensor trunk endurance, motor
strength of flexor and extensor muscles, and non-
dynamometric trunk strength, which were assessed
using functional tests or DAVID® device.

Other information regarding the study design, sample
size, inclusion, and exclusion criteria of subjects, surgical
technique, risk of bias, and overall quality of evidence was
extracted and listed in Table 2.

Risk of bias

Two independent reviewers assessed the risk of bias for the
included studies according to the Scottish Intercollegiate
Network Guidelines (SIGN) [18, 19]. Any discrepancy was
discussed with all authors until a consensus was reached.
The risk of bias rating for each included study is listed in
Table 2.
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Fig. 1 PRISMA (preferred
reporting items for systematic
reviews and meta-analyses)
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Grading of evidence

Two independent reviewers assessed the quality of evidence
of the included studies according to the Grading of Rec-
ommendations Assessment, Development and Evaluation
(GRADE) approach [20]. All included studies in this review
were observational studies and were thus initially assigned
as having a low level of evidence, according to GRADE

@ Springer

guidelines [20]. Downgrading of quality of evidence was
done according to the five domains in the GRADE guide-
lines: risk of bias [21], imprecision [22], indirectness [23],
inconsistency [22], and publication bias [24]. Meanwhile,
the quality of evidence was upgraded based on large mag-
nitude of effect, dose—response gradient, and plausible con-
founding that can increase confidence in estimated effects
[25]. The overall quality of evidence is detailed in Table 3.
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Table 1 Inclusion and exclusion criteria

Inclusion criteria

Exclusion criteria

o Patients with adolescent idiopathic scoliosis

e Patients who underwent anterior vertebral body tethering or posterior
spinal fusion or both as treatment

o Studies with clearly defined outcomes for ROM

o Studies including patients with idiopathic scoliosis of non-adolescent
type, or non-idiopathic scoliosis caused by known pathologies such as
trauma, congenital conditions, or infection

e Biomechanical or cadaveric studies

e Non-English publications

e Case reports, conference summaries, unpublished literature, com-
mentaries, and reviews

The quality of evidence for each outcome is listed in Sup-
plementary Tables 1-5.

Results
Search results

The search results are detailed in the PRISMA flow diagram
(Fig. 1). The search was conducted on August 22, 2022. A
total of 493 articles were found with 300 articles remain-
ing after removing the duplicates. The 300 unique articles
were screened by their abstracts. Of these, 146 unique arti-
cles were assessed for eligibility by full-text screening. One
unique article was added through reference screening dur-
ing full-text screening. Ultimately, 12 unique articles were
included in this review. Two were case—control studies, six
were prospective cohort studies, and the remaining four were
retrospective cohort studies. The length of follow-up ranged
from 3 months to 22.4 years. Sample sizes of studies ranged
from 5 to 225 patients.

Outcomes for range of motion

In accordance with the search strategy and inclusion crite-
ria, all 12 studies included outcomes for ROM following
surgical procedures of AVBT, PSF, or both (Supplementary
Table 1). There is adequate evidence to suggest the supe-
rior mobility outcomes of AVBT, as coherently reported by
all included papers in this systematic review. Two papers
[31, 32] directly confirmed the superiority of mobility out-
comes—as measured clinically and using VICON motion
capture system, respectively—for AVBT as compared to
PSF. Average lumbar ROM in flexion, extension, lateral
bending, and rotation and average lumbar anterior and lat-
eral bending flexibility were significantly superior (p <0.05)
in the AVBT group as compared to the PSF group [32].
While the AVBT group only demonstrated significant loss
of flexion and side bending at 2 years postoperatively, the
PSF group demonstrated a significant loss of motion in all
four directions at 2 years postoperatively [31]. The post-
op loss of motion was most clinically dramatic for total

trunk flexion after PSF compared with AVBT (p <0.05),
primarily due to the loss of lumbar flexion as more range of
motion is lost with successively more caudal LIV [31]. For
the LIV <L1 group, AVBT resulted in significantly more
extension, side bending, and rotation (~ 10°-15° more) than
PSF, but no difference in flexion [31]. Using side-bending
radiographs, Buyuk et al. (2021) [26] and Wong et al. (2019)
[17] reported preservation of curve flexibility and sagittal
spinal motion in patients treated with AVBT. The remaining
eight papers [27-30, 33-36] confirmed significant reduc-
tion in all ROM—cervical sagittal flexion, and extension
and thoracic/lumbar sagittal flexion, extension, rotation, and
side bending—following PSF. Of the eight studies [27-30,
33-36], four studies used VICON motion capture system
[28, 30, 35, 36], three [27, 33, 34] used clinical measure-
ment, and the remaining one study [29] used side-bending
radiographs. These demonstrated the relative greater pres-
ervation of ROM in AVBT than in PSF.

Outcomes for Cobb angles

Of the 12 included studies, 10 reported findings for Cobb
angles (Supplementary Table 2). The currently available
studies, albeit the relatively low quality of evidence, all point
to a similar clinical significance in Cobb angle correction
achieved by AVBT or PSF. Only Pehlivanoglu et al. (2021)
[32] directly compared AVBT and PSF. Pehlivanoglu et al.
(2021) [32] found that both groups of patients had signifi-
cant and similar correction of the major curve. The AVBT
group had a preoperative average 48.2° corrected to 9.1°
(p <0.001) while the PSF group had a preoperative aver-
age 48.8° corrected to 9.7° (p <0.001) at the last follow-up
[32]. However, the quality of evidence is very low due to
the retrospective cohort study design and the lack of confi-
dence intervals reported. Both Buyuk et al. (2021) [26] and
Wong et al. (2019) [17] also reported significant correction
in Cobb angles for patients treated with AVBT, comparable
to the correction in Cobb angles following PSF reported by
Helenius et al. (2002) [27], Udoekwere et al. (2014) [35],
Hosseini et al. (2016) [29], Holewijn et al. (2018) [28],
Wong et al. (2018) [36], Kakar et al. (2019) [30], and Segal
et al. (2019) [33]. Nonetheless, the quality of evidence in

@ Springer
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Table 3 Risk of bias assessment and grading of evidence for included studies in this systematic review

Study Risk of bias  Inconsist- Indirectness Imprecision Publication  Large magni- Dose— Plausible Overall
ency bias tude of effect response confounding quality of
exists gradient can increase  evidence
confidence
in estimated
effects
Buyuk et al.  High quality Notserious  Not serious Serious Undetected  Yes (Up 1) N/A N/A Low
[26]
Helenius Acceptable  Not serious ~ Not serious  Serious Undetected  N/A N/A N/A Very low
et al. [27]
Holewijn Acceptable  Not serious  Not serious ~ Serious Undetected  N/A N/A N/A Very low
et al. [28]
Hosseini Acceptable  Not serious ~ Not serious ~ Serious Undetected ~ N/A N/A N/A Very low
etal. [29]
Kakaretal.  Acceptable Notserious  Not serious Serious Undetected  N/A N/A N/A Very low
[30]
Pahysetal.  Acceptable Notserious Notserious Notserious Undetected N/A N/A Yes (Up 1) Moderate
(31]
Pehlivanoglu  Acceptable  Not serious ~ Not serious ~ Serious Undetected ~ N/A N/A N/A Very low
etal. [32]
Segal et al. Acceptable  Not serious ~ Not serious Not serious Undetected  N/A N/A N/A Low
(33]
Turanetal.  Acceptable  Not serious  Not serious  Serious Undetected ~ N/A N/A N/A Very low
(34]
Udoekwere  Acceptable  Not serious ~ Not serious Not serious Undetected ~ N/A N/A N/A Low
et al. [35]
Wongetal.  Acceptable Not serious  Not serious ~ Serious Undetected  N/A N/A N/A Very low
[36]
Wongetal.  Acceptable Not serious  Not serious  Serious Undetected  N/A N/A N/A Very low

(17]

N/A, not applicable

this review is insufficient to conclude similar Cobb angle
correction for AVBT and PSF.

Outcomes for quality of life

Five studies reported outcomes for QOL following AVBT
and PSF (Supplementary Table 3). Overall, respective
QOL outcomes for AVBT and PSF were heterogeneous.
Pehlivanoglu et al. (2021) [32] and Pahys et al. (2022) [31]
directly compared and found different results for QOL out-
comes. While Pahys et al. (2022)[31] reported no significant
difference between PSF and AVBT groups postoperatively
in SRS-22 domain subscores, Pehlivanoglu et al. (2021)
[32] found significantly superior average total SRS scores
(4.9 vs 3.8, p<0.001) and average SF-36 scores (56.9 vs.
52.3, p<0.001 for mental component summary, 57.2 vs.
53.1, p<0.001 for physical component summary) in the
AVBT group when compared to the PSF group. Meanwhile,
Wong et al. (2019) [17] showed a reduced mean SRS-22
satisfaction domain score after AVBT. The two studies [27,
34] reporting QOL outcomes for PSF did not compare the

SRS-22 score preoperatively and postoperatively. None-
theless, Helenius et al. (2002) [27] found no correlation
between SRS total score and curve magnitude or correction
in PSF patients at 20-year follow-up. The quality of evidence
in this review is insufficient to make concrete comparison
between the two surgical approaches in QOL measures.

Complications

Only one study reported complications following AVBT
and three studies reported complications following PSF in
our review (Supplementary Table 4). In Wong et al. (2019)
[17] single-center prospective observational study of five
subjects, two patients had over-correction following AVBT
and another patient—the only case with Lenke “B” lumbar
curve modifier preoperatively had curve progression reach-
ing 58° at 54 months with unclear reason but postulated to
be due to lumbar curve progression following modest cor-
rection by AVBT. Subsequently, one of the patients with
over-correction required tether removal followed by PSF due
to distal decompensation that manifested as deterioration of
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overall Cobb angle which was postulated to be caused by
a combination of large growth potential, main curve over-
correction, and distal junctional kyphosis; the patient with
modest correction underwent PSF without tether removal
as there was no acute angulation to suggest tether breakage
[17]. In contrast, Helenius et al. (2002) [27] reported five
lateral subluxation of the lumbar vertebrae (6%), one pseu-
doarthrosis (1%), 19 narrowed lumbar disc spaces (24%),
17 degenerative lumbar spondylosis (22%), nine radiologic
spinal imbalance (12%), and eight dislodged caudad hooks
on the 20-year follow-up radiographs (13%) following PSF
among 98 patients. However, two other studies [29, 33]
reported generally low procedural/device-related adverse
events, including asymptomatic mal-positioned screw
requiring revision and distal junctional kyphosis, following
PSF. In addition to the complications noted convention-
ally in PSF, over-correction and distal adding-on are major
concerns of AVBT which may warrant possible conversion
surgery to PSF.

Other reported outcomes

Using functional tests, three papers investigated the muscle
strength and endurance in patients treated with AVBT and/or
PSF (Supplementary Table 5). Besides outcomes for ROM
following AVBT and PSF, Pehlivanoglu et al. (2021) [32]
also reported significantly higher average lumbar flexor and
extensor endurance in patients treated with AVBT as com-
pared to PSF (Flexor: VBT 65.1 s, PSF 19.2 s; p<0.001)
(Extensor: VBT 60.8 s, PSF 28.7 s; p<0.001). The AVBT
group also had a significantly superior average motor
strength of the trunk extensor and anterior—lateral-oblique
flexor muscles (VBT 4.7, PSF 3.2; p=0.003) [32]. In con-
trast, Turan et al. (2022) [34] found that patients treated with
PSF had significantly reduced muscle strength in the cervi-
cal and thoracic/lumbar regions (all with p <0.05) compared
to the control group, except for the thoracic/lumbar left rota-
tion strength (p =0.081), as assessed using DAVID® device.
In addition, Helenius et al. (2002) [27] reported that mean
values of the non-dynamometric trunk strength measure-
ments were at least 3 (range 1-5) following PSF. The supe-
rior muscle strength of AVBT may suggest better functional
outcomes.

Discussion

PSF has been the gold standard surgical treatment of AIS,
but it results in loss of ROM [9]. When AVBT was intro-
duced and eventually approved by the USFDA in 2019, it
was heralded as the fusionless alternative to PSF and the
potentially new gold standard which could correct scoliosis
while preserving ROM in AIS [37]. However, there have

@ Springer

been no reviews, confirming that AVBT is indeed superior
to PSF in providing better ROM outcomes. Therefore, this
review is the first to investigate ROM outcomes of AVBT
compared to PSF.

As all the included studies are either case—control studies,
cohort studies, or case series, this review only found mod-
erate evidence to support the superior ROM outcomes for
AVBT compared to PSF in treating AIS due to the lack of
randomized controlled trials. The strongest evidence in sup-
porting the superior ROM outcomes in AIS patients treated
with AVBT when compared to PSF comes from Pahys et al.
(2022) [31]. As a retrospective cohort study, the initial qual-
ity of evidence for ROM provided by Pahys et al. (2022) [31]
was low. However, their quality of evidence for ROM was
upgraded to moderate when they demonstrated—regardless
of LIV level—superior preservation of total trunk flexion
and minimal changes in total trunk extension and rotation
in AVBT compared to PSF despite AVBT being indicated
for patients with reduced curve flexibility (reduction to < 30°
on supine bending radiographs) [31]. Nonetheless, Pahys
et al. (2022) [31] concluded that the differences in total trunk
motion were relatively modest for PSF and AVBT with an
LIV at or above L1.

Although the studies in this review use different modali-
ties for measurement of ROM, clinical measurement [32],
VICON motion capture system [31], and side-bending radio-
graphs [17, 26], all showed favorable results for AVBT in
preservation of spinal motion and flexibility. Meanwhile, all
modalities collectively showed decrease in motion of fused
segments and trunk in three planes: sagittal, coronal, and
transverse. Therefore, although studies other than Pahys
et al. (2022) [31] have lower quality of evidence, the supe-
rior ROM outcomes proven by all modalities across different
studies strongly suggest that AVBT indeed results in better
mobility for AIS patients.

Superior ROM outcomes would be futile if curve correc-
tion is inadequate. Therefore, this review has also extracted
outcomes for Cobb angle correction. We found overall low
evidence to support that both AVBT and PSF could achieve
significant Cobb angle correction, respectively. This find-
ing is supported by Newton et al. (2020) [38] that demon-
strated both AVBT and PSF resulted in significant postop-
erative correction. However, several individual studies found
reduced Cobb angle correction by AVBT compared to PSF
at all postoperative time points [32, 38, 39]. This is con-
tradictory to the meta-analysis by Shin et al. (2021) [40]
reporting similar deformity correction between the AVBT
and PSF groups.

Apart from ROM, it is also equally important to assess
whether AVBT improves QOL. Our review revealed con-
troversial findings—with overall very low evidence due
to the cohort study design and lack of confidence inter-
vals—that AVBT resulted in significantly superior average
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total SRS-22 and SF-36 scores compared to PSF. Mean-
while, Newton et al. (2020) [38] and Qiu et al. (2021) [41]
found equivalent patient-reported outcomes between the
AVBT and PSF groups, as measured by SRS-22, across all
domains: pain, self-image, function, mental health, and sat-
isfaction. A recent meta-analysis also found no significant
difference between AVBT and PSF for postoperative SRS-
22 self-image (4.27 in AVBT versus 4.23 in PSF) or total
score (4.36 in AVBT versus 4.3 in PSF) [40]. Therefore, our
review cannot conclude the superior QOL improvement in
AIS patients treated with AVBT compared to PSF.
Regarding the complications of AVBT, our evidence and
findings came from only one study because there are limited
studies on the long-term outcomes for AVBT as it has only
been approved by the USFDA in 2019. In a single-center
prospective observational study of this investigational device
of AVBT, Wong et al. (2019) [17] reported two patients
(40%) with over-correction and two patients requiring PSF
as revision surgery. While one patient with open triradiate
cartilage (TRC) was able to maintain coronal balance at
4 years despite over-correction, the other patient required
tether removal followed by PSF due to distal decompensa-
tion manifesting as deterioration of the overall Cobb angle
[17]. Another patient underwent PSF without tether removal
after developing curve progression due to modest correction
following AVBT [17]. Based on our review alone, we are
unable to comment on the complication rate of AVBT due to
the very low quality of evidence by Wong et al. (2019) [17]
as the study has a small sample size of 5. Nonetheless, Wong
et al. (2019) [17] was included because it is the only study
we found that investigated the long-term outcome of AVBT
with a follow-up duration of at least 4 years. A meta-anal-
ysis by Shin et al. (2021) [40] also found higher rate of re-
operation in the AVBT group (14.1%) compared to the PSF
group (0.6%). The most common reason for re-operation in
AVBT was over-correction, accounting for 54.8% of the re-
operation cases [40]. Over-correction is generally thought to
be caused by the excessive growth potential, which is also
needed for progressive curve correction in AVBT [17, 40].
Currently, there is no consensus on the determination of the
ideal time for surgery to achieve maximal curve correction
and minimal over-correction. This is because the expected
growth curve in the spine is still not well understood [38].
Additionally, tether breakage and adding-on were the sec-
ond most common reasons for re-operation, each accounting
for 22.6% of re-operation cases in the AVBT group [40].
Nonetheless, Newton et al. (2020) [38] found that although
AVBT resulted in less deformity correction and more revi-
sion procedures than PSF, AVBT still resulted in delay or
prevention of PSF in majority of the patients. Additionally,
in our review, we found very low to low evidence that PSF
also resulted in substantial number of complications, includ-
ing degenerative changes, radiologic instability, and adverse

device/procedure-related events. Moreover, many of the PSF
studies did not report complications. Therefore, our review
cannot conclusively determine the complication rates of
AVBT and PSF.

This systematic review has limitations. Firstly, this review
only examined the generalized ROM outcomes instead of
any specific direction of ROM. Secondly, it was difficult
to make fair comparisons between the included studies as
there are no standardized measurement methods for ROM.
However, despite different modalities of measurement
for ROM, all confirmed superior ROM outcomes in AIS
patients treated with AVBT compared to PSF. Thirdly, the
variability in the operated segments, including the LIV and
upper instrumented vertebra (UIV), made fair comparisons
between studies rather challenging. Fourthly, the long-term
complication of add-on or decompensation in the PSF group
may be more and not reported in studies directly comparing
AVBT vs PSF due to the limited duration of follow-up.

In conclusion, this is the first systematic review investi-
gating the ROM outcomes for AVBT compared with PSF
in treating AIS. We found adequate evidence to demon-
strate that AVBT provides better preservation of ROM and
muscle strength postoperatively when compared with PSF,
while achieving comparable curve correction. Nonetheless,
over-correction remains one of the biggest challenges in
treating AIS patients with AVBT. Future studies can focus
on exploring the growth trajectory of the spine to deter-
mine the window of opportunity to perform AVBT in AIS
to achieve maximal curve correction with minimal risk of
over-correction. For fair comparisons, clinical studies should
also consider LIV and UIV when comparing the mobility,
curve correction, complications, functional outcomes, and
long-term outcomes for AVBT and PSF. Patients opting for
AVBT may have a higher demand for athletic activities;
thus, return to sport activities and high athletic functional
performance should also be assessed in future studies.

Prospero

This systematic review has been registered in PROSPERO
(CRD42022371586) on November 10, 2022.
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