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Background: Anterior vertebral body tethering (AVBT) is a growth-modulation technique theorized to correct adolescent
idiopathic scoliosis (AIS) without the postoperative stiffness imposed by posterior spinal fusion. However, data are limited
to small series examining short-term outcomes. To assess AVBT’s potential as a viable alternative to posterior spinal
fusion (PSF), a comprehensive comparison is warranted. The purpose of this meta-analysis was to compare postoperative
outcomes between patients with AIS undergoing PSF and AVBT. Our primary objective was to compare complication and
reoperation rates at available follow-up times. Secondary objectives included comparing mid-term Scoliosis Research
Society (SRS)-22 scores, and coronal and sagittal-plane Cobb angle corrections.

Methods: We performed a systematic review of outcome studies following AVBT and/or PSF procedures. The inclusion
criteria included the following: AVBT and/or PSF procedures; Lenke 1 or 2 curves; an age of 10 to 18 years for >90% of the
patient population; <10% non-AIS scoliosis etiology; and follow-up of ‡1 year. A single-arm, random-effects meta-analysis
was performed. Deformity corrections, complication and reoperation rates, and postoperative SRS-22 scores were
recorded.

Results: Ten AVBT studies (211 patients) and 14 PSF studies (1,069 patients) were included. The mean follow-up
durations were similar for both groups. Pooled complication rates were 26% for AVBT versus 2% for PSF, and reoperation
rates were 14.1% for AVBT versus 0.6% for PSF with nonoverlapping confidence intervals (CIs). The pooled reoperation
rate among studies with follow-up times of ‡36 months was 24.7% in AVBT versus 1.8% in PSF. Deformity correction,
clinical outcomes, and mid-term SRS-22 scores were similar.

Conclusions: Our study showed greater rates of complications and reoperations with AVBT compared with PSF. Reop-
eration rates were significantly greater in AVBT studies with longer follow-up (‡36 months). Deformity correction, clinical
outcomes, and mid-term SRS-22 scores were similar. While a potential fusionless treatment for AIS merits excitement,
clinicians should consider AVBT with caution. Future long-term randomized prospective studies are needed.

Level of Evidence: Therapeutic Level III. See Instructions for Authors for a complete description of levels of evidence.

A
dolescent idiopathic scoliosis (AIS) is themost common
spinal deformity treated by pediatric orthopaedic sur-
geons1. The current gold standard is posterior spinal

fusion (PSF) with pedicle screw fixation, which has shown to

be a robust technique for correcting scoliotic deformities2. PSF
has been associated with a low complication rate and good
long-term outcomes3-5. However, concern exists regarding
stiffness imparted by PSF along with long-term effects of
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adjacent-segment disease, but recent studies suggest that stiffness
may not be as substantial of a concern as previously thought6.
Moreover, despite good outcomes and a low complication rate,
PSF is perceived to be accompanied by perioperative or long-term
complications: infection, adding-on, pulmonary and neurological
injury, and disc degeneration7-9. As such, interest in non-fusion
solutions for AIS correction persists.

In August 2019, anterior vertebral body tethering
(AVBT) was granted humanitarian device exemption status by
the U.S. Food and Drug Administration (FDA) for skeletally
immature patients (Risser score of £2 or Sanders score of £5)
with curves between 30� and 65�, although more recent liter-
ature has suggested 45� to 65�10. AVBT harnesses the Hueter-
Volkmann principle to guide growth and correct the deformity,
and while growth-modulation techniques are not new, earlier
strategies, such as vertebral stapling, have demonstrated chal-
lenges such as implant loosening10. In AVBT, compressive
forces applied to the convexity of the deformity by a polyeth-
ylene tether allow the patient’s growth to realign the spine. This
concept has been applied to growth plates across the physis of
the tibia and femur to correct deformities. AVBT extrapolates
this concept to spinal deformity correction11 and has shown
promise in animal models12,13.

Hitherto, most clinical studies of AVBT have been
single-surgeon or institutional case series with varying
results. To assess AVBT’s potential as an alternative to PSF, a
comprehensive comparison is warranted. To our knowledge,
apart from a recent retrospective cohort analysis of 49
patients, which indicated greater residual deformity, com-
plications, and revisions for AVBT compared with PSF at 5
years14, no study has investigated differences in early and
mid-term outcomes between patients undergoing AVBT
and PSF.

The purpose of this systematic review and meta-analysis
was to compare outcomes of patients with AIS undergoing PSF
and AVBT. Our primary objective was to compare complica-
tion and reoperation rates. Secondary objectives included a
comparison of Scoliosis Research Society (SRS)-22 scores and
coronal and sagittal-plane Cobb angle measurements.

Methods

This review followed the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) guidelines.

Literature Search
A systematic review of the literature was conducted for out-
come studies following AVBTand/or PSF procedures. Reports
from annual meetings of the SRS and in PubMed MEDLINE,
Scopus, and Embase were included in the search (see
Appendix Supplementary Table 1). The references of included
articles were also screened for potential articles. All studies
underwent review by 2 independent reviewers via Rayyan
review software15. Our inclusion criteria were as follows: (1)
human clinical outcomes study, (2) follow-up of ‡2 years, (3)
selective thoracic fusion or Lenke 1 or 2 curves, (4) patient age
of 10 to 18 years, (5) AIS, (6) primary surgical procedures,

and (7) at least 1 study arm with AVBT or PSF procedures.
Case reports were excluded. Studies investigating anterior
vertebral body stapling, Harrington rods, and anterior fusion
were excluded.

On initial review, the AVBTstudies meeting these criteria
were too few to conduct a satisfactory meta-analysis. Therefore,
AVBTand PSF studies reporting clinical outcomes with ‡1 year
of follow-up were further reviewed, and studies with patients
younger than 10 years or those with a non-AIS scoliosis etiology
were included if they comprised <10% of the patient population.
Additionally, studies including patients with non-selective tho-
racic fusion or non-Lenke 1 or 2 curves were reviewed for patient-
level data. If available, outcomes were recalculated without these
patients and included.

Data Extraction
When reported, rates of complications and reoperation were
extracted from each study. In some instances, the total number
of complications was reported in lieu of the number of patients
affected by complications. In these instances, we used the min-
imum possible number of patients with complications to cal-
culate our complication rate, ensuring that complication rates
would not be overestimated. Complications and reoperations
were only recorded as 0 if reported as such. Otherwise, we

TABLE I Characteristics of Included Studies*

Characteristic

AVBT PSF

Studies Patients Studies Patients

Total 10 211 14 1,069

Study design

Case series 9 (90) 188 (89.1) 1 (7.1) 21 (2.0)

Retrospective
cohort

1 (10) 23 (10.9) 11 (78.6) 943 (88.2)

Prospective cohort 0 (0) 0 (0) 1 (7.1) 64 (6.0)

RCT 0 (0) 0 (0) 1 (7.1) 41 (3.8)

Scoliosis etiology

Idiopathic 9 (90) 209 (99.0) 14 (100) 1,069 (100)

Syndromic 1 (10) 2 (1.0) 0 (0) 0 (0)

Surgical technique†

Open 2 (20) 37 (17.5) 14 (100) 1,069 (100)

Thoracoscopic 8 (80) 121 (57.3) 0 (0) 0 (0)

Not reported 1 (10) 53 (25.2) 0 (0) 0 (0)

Follow-up

First erect 8 (80)

Through 24 mo 7 (80) 159 (75.4) 14 (100) 1,057 (98.9)

Through 36 mo 4 (40) 105 (49.8) 8 (57.1) 730 (68.3)

Through 48 mo 2 (20) 58 (27.5) 3 (21.4) 494 (46.2)

*AVBT = anterior vertebral body tethering, and PSF = posterior
spinal fusion. The values are given as the number, with the per-
centage in parentheses. †One study included patients with both
open and thoracoscopic procedures.
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assumed that complications were not recorded and patients
from those studies were not included in the respective analyses.
Additional data variables are illustrated in Tables I and II.

Imputation
Studies that did not provide means for a particular outcome
or patient-level data to recalculate the means were not used
for the respective analysis. To provide the most conservative
estimates for curve measurements, worst-case imputation was
used when averages for curve measurements were provided
but standard deviations (SDs) were not. Worst-case imputa-
tion involved imputing missing SDs on the basis of the largest
SD provided by other studies within the same subgroup.
Worst-case-scenario imputation has been recognized as
among the most conservative approaches for dealing with
missing data in meta-analyses16.

Statistical Analysis
Because most AVBT studies are case series, a single-arm meta-
analysis was performed. Study characteristics were weighted on
the sample size. Pooled means of primary and secondary out-
comes were calculated using a random-effects model with a
restricted maximum-likelihood (REML) approach. Compared
with the traditional maximum-likelihood approach, REML is
protective against underestimating standard errors and pro-
ducing overconservative results17,18. To account for the skewed
complication rate, we calculated the pooled effect size by taking
the logarithm of the complication rate plus 1. Pooled means
and standard errors were used to calculate effect sizes and 95%
confidence intervals (CIs) for secondary outcomes. If an out-
come of interest was only reported by 1 study, it was excluded
from analysis. A random-effects model was used to account for
the predicted heterogeneity among studies. Heterogeneity was
assessed using I2. Publication bias was assessed using funnel
plots and an Egger test. Significance for primary outcome
comparisons was defined as nonoverlapping CIs. Calculations
were performed using Stata 14.2 (StataCorp).

Source of Funding
There was no external source of funding.

Results
Studies and Patients

Twenty-four studies19-42 (38 arms) met the inclusion criteria
(Fig. 1) and were used for meta-analysis (Tables I and II).

Ten studies (n = 211) investigated AVBT outcomes, with an
average follow-up of 33.7 months (range, 14.4 to 49.5 months).
Fourteen studies (n = 1,069) investigated PSF outcomes, with
average follow-up of 46.9 months (range, 21.2 to 86.4 months).
There were 10 case series, 12 retrospective cohort studies,
1 prospective cohort study, and 1 randomized controlled trial
(RCT). Mean preoperative Risser scores were 0.4 and 1.4 for
AVBT and PSF patients, respectively (Table II). The average
number of vertebrae fused or tethered was 7.3 for patients who
underwent AVBTand 10.2 for those with PSF. The number and

TABLE II Additional Characteristics of Included Studies*

Characteristic AVBT PSF

Sample size,
median (IQR)

20.0 (11.5-28.5) 51.5 (32.3-112.5)

Publication year,
median (IQR)

2018 (2017-2019) 2016.5 (2013-2017)

Female (no. [%]) 140 (66.4) 445 (41.6)

Age (yr) 12.4 14.2

Follow-up (mo) 33.7 46.9

Preop. Risser score 0.4 1.4

Preop. Sanders score 3.1 3.7

Preop. flexibility (�) 44.6 39.2

Vertebrae fused/
tethered (no.)

7.3 10.2

*AVBT = anterior vertebral body tethering, PSF = posterior spinal
fusion, and IQR = interquartile range. Frequency weighted averages
are reported unless otherwise specified.

Fig. 1

Flow diagram of our search algorithm showing the total number of studies reviewed and included and the reasons for exclusion.
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percentage of studies and patients with data reported for spe-
cific preoperative and postoperative measures can be found in
Supplementary Table 2 (see Appendix).

Complications and Reoperation Rates
Complication data were available for all patients with
AVBT (n = 211) and 57% of those with PSF (n = 610). The
pooled complication rate was 26% (95% CI: 12% to 40%)
for AVBT studies and 2% (95% CI: 0% to 4%) for PSF
studies (Table III). Meta-analysis indicated nonover-
lapping CIs between the 2 groups (Fig. 2). The most
common complications for AVBTwere tether breakage (n
= 17; 7.5%), overcorrection (n = 17; 7.5%), and pulmo-
nary complications (n = 11; 4.8%) (Table IV). The pooled
complication rate excluding tether breakages for the AVBT
groupwas 17.4% (95%CI: 8.0% to 26.7%). Themost common
complications for PSF were neurological complications (n = 6;
0.5%), screw pullout/loosening (n = 6; 0.5%), and infection (n
= 4; 0.3%). Of studies with follow-up of <36 months, the
pooled complication rate for AVBT was 11.8% (CI: 4.4% to
18.6%) and the reoperation rate was 2.9% (95% CI: 0% to
8.4%), and the pooled complication rate for PSF was 1.0%
(95% CI: 0% to 2.4%) and the reoperation rate was 1.3% (0%
to 1.7%). Of studies with follow-up of ‡36 months, the pooled
complication rate for AVBTwas 25.2% (95%CI: 19.1% to 31.7%)
and the reoperation rate was 24.7% (95%CI: 10.7% to 38.7%),
and the pooled complication rate for PSF was 2.9% (95% CI:
0.5% to 5.3%) and the reoperation rate was 1.8% (95% CI: 0% to
5.4%). There was heterogeneity among all studies reporting
complication rates (I2= 91.8%) and within the AVBT group (I2 =
86.1%). Pooled reoperation rates for AVBT and PSF were
14.1% (95% CI: 5.6% to 22.6%) and 0.6% (95% CI: 0.0% to
2.3%). The most common reason for reoperation following
AVBT was overcorrection (n = 17; 7.7%), and the most
common reason following PSF was adding-on (n = 2; 0.3%)
(Table V). The pooled AVBT-to-PSF conversion rate was 1.4%
(CI: 0% to 4.5%). All conversions were due to deformity pro-
gression despite tethering.

Coronal-Plane Angles
SDs were imputed for 12 PSF cohorts. No imputations for
AVBTwere necessary. Baseline Cobb angles for the groups were
disparate (AVBT: 46.0�; PSF: 55.3�). Cobb angles in studies
reporting ‡36 months of follow-up were similar (AVBT: 22.5�;
PSF: 22.7�). Preoperative (AVBT: 28.7�; PSF: 30.9�) and final
(AVBT: 18.0�; PSF: 15.2�) lumbar curves in studies reporting
‡36 months of follow-up were similar.

Sagittal Alignment and Thoracic Rotation
Preoperative thoracic kyphosis (AVBT: 24.3�; PSF: 23.0�), lum-
bar lordosis (AVBT: 52.0�; PSF: 47.2�), and thoracic rotation
(AVBT: 13.7�; PSF: 15.4�) angles were similar. Both groups
displayed similar findings for all 3 measurements at ‡36 months
of follow-up (Table III).

SRS-22 Scores
Postoperative SRS-22 scores were reported in 2 AVBT studies
and 7 PSF studies. There was no significant difference found
between AVBTand PSF for the postoperative SRS-22 self-image
(4.27 versus 4.23) or total scores (4.36 versus 4.3).

TABLE III Aggregate Postoperative Outcomes in AVBT and PSF
Studies*

Outcome

Pooled Mean (95% Confidence Interval)

AVBT PSF

Complication rate (%) 26.0 (12.0-40.0) 2.0 (0.0-4.0)

<36 mo 11.8 (4.4-18.6) 1.0 (0.0-2.4)

‡36 mo 25.2 (19.1-31.7) 2.9 (0.5-5.3)

Reoperation rate (%) 14.1 (5.6-22.6) 0.6 (0.0-2.3)

<36 mo 2.9 (0.0-8.4) 1.3 (0.0-1.7)

‡36 mo 24.7 (10.7-38.7) 1.8 (0-5.4)

Conversion to PSF (%) 1.4 (0-4.5) Not applicable

Main thoracic curve (�)
Preop. 46.0 (42.3-50.0) 53.3 (52.8-53.9)

First erect 24.9 (20.1-29.8) 16.6 (12.8-20.3)

12 to <24 mo 24.6 (17.8-31.4) 13.3 (8.7-17.8)

‡24 to <36 mo 21.5 (8.3-34.7) 21.9 (17.4-26.4)

‡36 mo 22.5 (14.1-30.9) 22.7 (19.6-25.8)

Compensatory lumbar
curve (�)

Preop. 28.7 (25.6-32.0) 30.9 (29.2-32.5)

First erect 19.3 (16.6-22.4) 9.9 (8.1-11.7)

12 to <24 mo 16.5 (11.2-21.7) Insufficient data

‡24 to <36 mo 13.2 (8.4-18.0) 10.7 (8.0-13.5)

‡36 mo 18.0 (3.5-32.5) 15.2 (13.3-17.1)

Thoracic kyphosis (�)
Preop. 24.3 (17.8-30.8) 23.0 (20.7-25.2)

First erect 22.1 (16.5-27.7) 31.0 (27.9-33.3)

12 to <24 mo 25.0 (13.4-36.6) Insufficient data

‡24 to <36 mo 23.0 (19.6-26.4) 17.9 (15.1-20.7)

‡36 mo 22.5 (12.0-33.0) 24.5 (21.9-27.1)

Lumbar lordosis (�)
Preop. 52.0 (46.2-57.9) 47.2 (28.1-66.3)

First erect 46.5 (40.1-52.8) Insufficient data

12 to <24 mo 56.0 (47.2-64.9) Insufficient data

‡24 to <36 mo 52.7 (48.6-56.8) 46.3 (42.3-50.3)

‡36 mo 55.1 (51.3-58.8) 46.1 (25.0-67.1)

Thoracic rotation (�)
Preop. 13.7 (12.1-15.2) 15.4 (12.4-18.4)

First erect 10.0 (8.7-11.2) 6.0 (4.5-7.5)

12 to <24 mo 8.1 (5.9-10.3) Insufficient data

‡24 to <36 mo 6.9 (4.8-8.9) 8.07 (5.0-11.1)

‡36 mo 8.4 (1.0-15.7) 13.0 (3.3-22.6)

Postop. SRS-22 self-image 4.27 (4.0-4.56) 4.23 (4.07-4.40)

Postop. SRS-22 total 4.36 (4.06-4.65) 4.30 (4.17-4.43)

*AVBT =anterior vertebral body tethering,andPSF=posterior spinal fusion.
The complication rate is reported as the minimum possible number of
patients with at least 1 complication. Nonoverlapping confidence intervals
for the primary outcomes of interest are highlighted in bold.
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Fig. 2

Forest plot of pooled complication rates between AVBT and PSF studies.
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Publication Bias
No significant publication bias was detected (Fig. 3).

Discussion

Since the Harrington instrumentation era, spine surgeons
have sought a fusionless solution to AIS, for which AVBT

has recently emerged. Animal models have been promising,
and the technique has demonstrated favorable periopera-
tive outcomes compared with PSF, including decreased
operative time, blood loss, length of stay, and return-to-school
time13,14,42. However, whether AVBT is noninferior to spinal
fusion with regard to mid-term postoperative outcomes re-
mains unclear. Additionally, it is unclear whether AVBT
actually modulates growth longitudinally or preserves motion,
and which patients stand to benefit by this technique. Before it
can be considered a treatment of choice, AVBT must be com-
pared with PSF so clinicians can properly counsel families. This
study is the first, to our knowledge, to comprehensively report
on aggregate complication and reoperation data following AVBT
for the treatment of patients with predominantly thoracic
curves.

We found that patients receiving AVBT had higher com-
plication rates compared with those with PSF.While it is difficult
to compare these 2 groups statistically, the CIs of the groups were
nonoverlapping (PSF, 0% to 4%; AVBT, 12% to 40%). The most
common complication affecting AVBT patients was tether
breakage (7.5%). The durability of the polyethylene tether was
previously questioned by Newton et al., who found that 52% of
patients had a suspected or broken tether compromising curve
correction at 5-year follow-up14. If breakage occurs prior to
skeletal maturity, patients may risk continued progression and
subsequent revision. Moreover, a lack of long-term studies

regarding the effect of particulate debris on lung tissue or the
thoracic cage from a severed polyethylene cable may result in
complications yet to be identified43,44. If one accepts AVBT tether
breakage as an expected outcome, the complication rate for
AVBTwas 17.4% (95% CI: 8.0% to 26.7%), which still had a CI
that did not overlap with the upper bound of the PSF group.
Moreover, we compared complication and reoperation rates
between studies with follow-up times of <36 months with those
with follow-up times of ‡36 months. AVBTstudies with follow-
up of ‡36 months reported reoperation and complication rates
with CIs higher than those with shorter follow-up times, indi-
cating that AVBT outcomes may deteriorate with time, sug-
gesting that the minimum follow-up in clinical studies on AVBT
should be ‡36 months rather than the traditional 2 years.

Overcorrection was the second most common AVBT
complication (7.5%) and the most common reason for reop-
eration. While growth potential is thought to drive progressive
correction in AVBT, it also poses a risk of overcorrection. Wong
et al. felt that this was a greater risk in patients with an open
triradiate cartilage; however, the exact risk factor or method for
mitigating this risk is unclear22. Because the expected growth
curve in the spine is less well understood than that in the lower
extremity, growth must be closely monitored. As predictive
modeling of vertebral body growth improves, surgeons may be
able to more closely identify the “window of opportunity” to
modulate coronal-plane deformity and minimize this com-
plication. Additionally, we found that 16% of all AVBT
complications were pulmonary-related, which substantiates
previous speculation that AVBT’s anterior thoracoscopic
approach may be associated with pulmonary disturbances14.
Despite increased complications, AVBT is still in its infancy.
Surgeon experience and limited knowledge of optimal oper-
ative techniques and tether properties may impact results.
Previous authors have noted decreases in operative time with
increased experience19. This is highlighted by our range of
complication-rate data (0% to 80%). PSF with pedicle screws
has been used for AIS for >25 years, and substantial research
has been directed at decreasing the surgical complication

TABLE IV Characteristics of Complications*

Complication AVBT PSF

Tether breakage 17 (7.5) —

Overcorrection 17 (7.5) 2 (0.15)

Pulmonary† 11 (4.8) 1 (0.08)

Neurological 2 (0.88) 6 (0.46)

Infection 1 (0.44) 4 (0.31)

Adding-on 7 (3.2) 2 (0.30)

Screw pullout/loosening 1 (0.44) 6 (0.46)

Other‡ 11 (4.8) 6 (0.46)

Overall 67 (26.0) 27 (2.0)

*The values are given as the number, with the percentage in
parentheses. Percentages were calculated by finding the pooled
average of the complication of interest/total number of patients in
studies reporting complication data. AVBT =anterior vertebral body
tethering, and PSF = posterior spinal fusion. †Pulmonary compli-
cations included atelectasis, pleural effusion, pulmonary edema,
and pneumothorax. ‡Indicates complications mild in nature,
reported as “other” or with a frequency of 1 across all studies.

TABLE V Reasons for Reoperation*

Reason AVBT PSF

Tether breakage/pedicle
screw loosening

7 (3.2) 1 (0.15)

Overcorrection 17 (7.7) 0 (0)

Adding-on 7 (3.2) 2 (0.30)

Other† 0 (0) 1 (0.15)

Overall 31 (14.1) 4 (0.6)

*The values are given as the number, with the percentage in
parentheses. Percentages were calculated by finding the pooled
average of the number of reoperations/total number of patients in
studies reporting reoperation data. AVBT = anterior vertebral body
tethering, and PSF = posterior spinal fusion. †Rib hump deformity.
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profile of intervention for AIS5. Ten-year follow-up data on
selective PSF procedures showed exceptionally durable out-
comes and a low revision rate44.

We also investigated coronal and sagittal deformity cor-
rection at various postoperative times. Preoperative main tho-
racic curves for the AVBT and PSF cohorts had nonoverlapping
CIs, suggesting potential baseline differences in patient popula-
tions. The most recently published AVBT indications include
Risser 0 or 1 or Sanders 3 or 4 patients with primary thoracic
curves between 45� and 65�10. While indications are evolving,
AVBT is generally thought to require “growth remaining” to
harness growth modulation. Thus, it is unsurprising that
patients who undergo AVBT are younger with smaller curves.
Interestingly, there were no differences between the groups in
any measurements at the postoperative follow-up periods of
‡24 to <36 months and ‡36 months. While there appeared to
be coronal-deformity correction at first-erect measurements,
there was no significant difference between those made at
first-erect and those at ‡36 months in the AVBT group. Given
AVBT’s theorized growth-correction principle, one would
expect continual reduction over time. Our results, along with
those of recent studies examining long-term postoperative
changes18, suggest otherwise. The reason for this may lie in age
differences found in AVBT studies. Wong et al. suggested that
tensioning of the tether should be related to curve size and
growth remaining22. A younger patient is likely to have more
correction over time than a skeletally mature patient. As such,
tension could be adjusted accordingly. The ideal patient for AVBT
remains unclear but would likely include a skeletally younger
patient with a curve approaching the traditional surgical range for
PSF.

Finally, our study found that postoperative SRS-22 self-
image and total scores were similar between the groups.

However, only 36% of patients undergoing AVBT and 57.6%

undergoing PSF had recorded SRS-22 outcomes; thus, readers

should cautiously interpret these results. Future research efforts

in this area are necessary.
This meta-analysis had limitations. First, nearly all of the

AVBT articles were case series, limiting our study design to a

single-armmeta-analysis. Thus, the data in this study stem from

heterogenous patient populations, and the potential for con-

founding abounds. Next, the lack of Cobb-angle-correction SDs

precluded accurate estimations of the variability of correction
rates. Third, SDs for curve measurements were frequently
unreported in the PSF group, which necessitated imputation.
Fourth, we only assumed 0 complications and reoperations for
studies that explicitly reported so. Therefore, it is possible that
some patients who underwent PSF had unreported complica-
tions. However, our complication rate is similar to that of a
previous meta-analysis investigating PSF outcomes of patients
with AIS45. The lack of patient-level data prevented us from
comparing complication rates by surgical approach (open versus
thoracoscopic). Lastly, our revised inclusion criteria, applied
symmetrically to both AVBT and PSF studies, resulted in the
inclusion of 2 patients with syndromic etiologies and 4 patients
whowere 9 years of age.However, these patients comprised<3%of
our total population, and excluding all other patients in these
studies who otherwise met inclusion criteria would have led to a
loss of 40% of our AVBT population. As such, to increase our
generalizability and not introduce bias by exclusion of these studies,
we accepted slightly more variance with regard to these criteria.

Fig. 3

Funnel plot for detection of publication bias.
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While the potential for a fusionless treatment for AIS has
generated excitement, clinicians should approach this new
technology with caution. Our study showed greater rates of
complications and reoperations with AVBT compared with PSF,
with similar correction and clinical outcome scores obtained at
each follow-up. Among AVBT studies, reoperations and com-
plications were greater at longer follow-up. As the majority of
current AVBT studies have <3 years of follow-up14,44, it seems
prudent to recommend a prospective double-armed cohort study
designed to compare the outcomes following the 2 treatment
strategies over a minimum of 3, but preferably 5, years. Ideally,
this would be a randomized trial, but we recognize that patient
recruitment could be a potential issue. Additionally, studies of
long-term adjacent-segment disease with both treatment
strategies and motion of the treated and untreated segments
would be helpful for counseling patients. For now, physicians
should counsel patients about the higher complication and re-
operation rates compared with the gold-standard treatment and
employ a shared decision-makingmodel when considering AVBT.

Appendix
Supporting material provided by the authors is posted
with the online version of this article as a data supplement

at jbjs.org (http://links.lww.com/JBJSOA/A287). n
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