
902 www.e-neurospine.org

Original Article
Corresponding Author
Lawrence G. Lenke 

 https://orcid.org/0000-0002-5595-4958

The Daniel and Jane Och Spine Hospital, 
New York Presbyterian/Allen, 5141 
Broadway, New York, NY, 10034, USA
E-mail: ll2989@columbia.edu

Received: April 19, 2020 
Revised: June 16, 2020 
Accepted: July 1, 2020

Selection of the Lowest Instrumented 
Vertebra and Relative Odds Ratio of 
Distal Adding-on for Lenke Type 1A 
and 2A Curves in Adolescent 
Idiopathic Scoliosis: A Systematic 
Review and Meta-analysis
Che-Wei Liu1, Lawrence G. Lenke2, Lee A. Tan3, Taemin Oh3, Kou-Hua Chao4,  
Shi-Ding Lin1, Ru-Yu Pan4

1Department of Orthopedics, Cathay General Hospital, Taipei City, Taiwan  
2The Daniel and Jane Och Spine Hospital, Department of Orthopedics, Columbia University Medical Center,  
 New York, NY, USA  
3Department of Neurosurgery, University of California San Francisco, San Francisco, CA, USA  
4Department of Orthopedics, Tri-Service General Hospital, Taipei City, Taiwan

Objective: To examine existing literature and pool the data to determine the relative odds 
ratio of “adding-on” (AO) based on various reported criteria for lower instrumented verte-
bra (LIV) selection in Lenke type 1A and 2A curves.
Methods: Using electronic databases, studies reporting on AO and LIV selection in Lenke 
type 1A and 2A curves were identified. Studies were excluded if they failed to meet the fol-
lowing criteria: ≥ 30 patients, Lenke  type 1A or 2A curves, thoracic-only fusions, and in-
clusion of outcome differences in AO and non-AO groups. Review articles, letters, and case 
reports were excluded.
Results: Six studies were identified reporting on 732 patients with either Lenke type 1A or 
2A curves treated with thoracic-only fusions. Five different landmarks were used for LIV 
selection in these studies including the stable vertebra (SV) -1, end vertebra (EV) +1, neu-
tral vertebra (NV), touched vertebra (TV), and substantially touched vertebra (STV) versus 
nonsubstantially touched vertebra (nSTV) +1. The pooled odds ratios of AO for choosing 
LIV at levels above the afore landmarks (i.e. , ending the construct “short”) versus at the 
landmarks were 2.59 (SV-1), 2.43 (EV+1), 3.05 (NV), 3.40 (TV), and 4.52 (STV/nSTV+1), 
all at 95% confidence interval.
Conclusion: Five landmarks shared a similar characteristic in that the incidence of AO was 
significantly higher if the LIV was proximal to the chosen landmark. In addition, choosing 
STV/(nSTV+1) as the LIV have the lowest absolute risk of AO and the greatest risk reduc-
tion. If additional levels were fused (i.e. , LIV distal to the landmark), there was no statisti-
cally significant benefit in further reducing the risk of AO. Selection of the optimal LIV is a 
complex issue and spine surgeons must balance the risk of AO with the need for motion 
preservation in young patients.
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INTRODUCTION

Lenke type 1 and 2 curves in adolescent idiopathic scoliosis 
(AIS) consist of structural major thoracic curves and nonstruc-
tural minor thoracolumbar curves. They are the most common 
types of AIS curves accounting for 51% and 20% in prevalence, 
respectively.1 Thoracic fusion is a common strategy used for sur-
gical treatment of Lenke 1 and 2 curves with the goals of achiev-
ing surgical correction of thoracic curves while preserving as 
many lumbar motion segments as possible.2-4 The proper selec-
tion of the lower instrumented vertebra (LIV) remains a chal-
lenging problem for spine surgeons. There is currently no uni-
versally accepted method of choosing the LIV, but various stud-
ies have demonstrated that fusions stopped too short often lead 
to suboptimal deformity correction along with the distal “add-
ing-on” (AO) phenomenon. Distal AO is the progressive loss of 
correction distal to the instrumentation after thoracic fusion for 
AIS. It is defined as an increase in the Cobb angle of > 5° and 
extension of the end vertebra (EV) to a more distal segment, or 
a change in the angulation of the disc below the LIV of at least 5° 
or more on standing radiographs during the first 2 years postop-
erative.5,6 Distal AO can often cause pain due to deformity pro-
gression and may require additional surgery adding the associ-
ated morbidity and healthcare costs of distal fusion extension.7

To minimize the risk of AO, several authors had reported vari-
ous methods to determine the LIV during AIS correction. In 
2003, Suk et al.8 reported using the preoperative neutral verte-
bra (NV) and EV as landmarks for LIV selection. The authors 
proposed that if the NV was at the same level or one level distal 
to the EV, the NV should be chosen as the LIV; if the NV was 2 
or more levels distal to the EV, the NV-1 segment should be 
chosen as the LIV. This method usually saves one or 2 motion 
segments compared with using the stable vertebra (SV) as the 
LIV.8 Subsequently, Cao et al.9 and Matsumoto et al.10 proposed 
using the last touched vertebra (LTV), defined as the last ceph-
alad vertebra touched by the central sacral vertical line (CSVL), 
as the LIV with good clinical results. Cho et al.5 also proposed 
the concept of the substantially touched vertebra (STV), defined 
as the most proximal vertebra where the CSVL either intersect-
ed the pedicle outline or was medial to the pedicle outline. In 
addition, Qin et al.11 further divided the LTV into the STV and 
nonsubstantially touched vertebra (nSTV, the most proximal 
vertebra touched by the CSVL lateral to the pedicle) and sug-
gested selecting the STV or nSTV+1 as the LIV could yield a 
promising outcome. No consensus to date can be drawn regard-
ing the best LIV landmark and a relatively small number of pa-

tients were included in these studies.
The aim of our study was to examine the pooled data from 

the existing literature regarding LIV selection in Lenke  type 1A  
and 2A curves to determine the odds ratios (ORs) and the ab-
solute risks of developing AO for each of the LIV selection 
methods.

MATERIALS AND METHODS

1. Search Strategy and Study Selection
Using electronic databases including PubMed, MEDLINE, 

Embase, and the Cochrane Library Databases (including The 
Cochrane Database of Systematic Reviews, the Database of ab-
stracts of Reviews of effects, The Cochrane Controlled Trials 
Register, and The Health Technology Assessment Databases) 
dating from inception to September 30, 2016, studies reporting 
on LIV selection and its effect on the risk of “adding-on” in 
Lenke type 1A and 2A curves were identified using the follow-
ing search parameters: “Adding-on” AND “Lenke.” All articles 
included in the present study were clinical human studies and 
written in English.

We focused the literature search primarily on randomized 
controlled trials (RCTs). However, in the absence of any exist-
ing RCTs, we included non-RCTs that had ≥ 30 patients with 
Lenke type 1A or 2A curves who underwent a thoracic spinal 
fusion. We excluded studies that could not provide information 
about the outcome differences in the AO and non-AO groups. 
Review articles, letters, and case reports were excluded.

2. Outcome Measures
The primary focus of our study was to determine the OR of 

using each LIV selection method; a secondary focus was on the 
difference in the absolute risk of AO for each method. Slightly 
different definitions of “adding-on” were used in the existing 
literature. The first definition was provided by Wang et al.,6 as a 
distal extension of the primary curve combined with either an 
increase > 5 mm in deviation from the CSVL of the first verte-
bra below the instrumentation, or an increase > 5° in angula-
tion of the first disc below the instrumentation at 1-year follow-
up. Another definition by Cho et al.5 defined AO as an increase 
in the Cobb angle of ≥ 5° along with distal extension of the EV 
or a change of ≥ 5° in disc angulation below the LIV from the 
first erect to the 2-year follow-up radiographs. We accepted both 
definitions of “adding-on” in our study.’
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3. Data Extraction
Data were searched and extracted by 2 authors independent-

ly. Any disagreement was resolved by discussion until a consen-
sus was reached. Data on the following measures were extracted 
and recorded: study design, inclusion criteria, sample size, sur-
gical approaches, and authors’ conclusion (Table 1). Informa-
tion regarding Cobb angle and gap differences related to LIV 
selection method were also extracted and recorded (Table 2).

We defined the gap difference as the actual LIV used minus 
the location of the selected landmark for LIV selection, where a 
positive value corresponded to a LIV distal to the landmark, and 
a negative value corresponded to a LIV proximal to the land-
mark. The landmarks used in various methods of LIV selection 
such as SV-1, NV, EV+1, LTV, STV/(nSTV+1) were selected 
based on the results of our systematic review of the current lit-
erature.5,9-13 These boundaries were set to maximize the number 
of patients that could be included in our study.

4. Data Analysis
For all included studies, we performed a pooled estimate of 

AO rates for thoracic-only fusion surgery according to the above-
mentioned landmarks. We calculated the ORs of AO when the 
chosen LIV was proximal to, at, or distal to the landmark. The 
results were expressed as the OR with a 95% confidence interval 
(CI). Homogeneity testing was performed using the I2 test. A 
fixed-effects model with inverse variance methods was used if 
there was lack of heterogeneity. If I2 was > 60%, a random-ef-
fects model was used. When the number of cases of AO was 0, 
we added 0.5 to each cell for calculation purposes. All calcula-
tions were performed using MetaXL (ver. 5.3, Epigear Interna-
tional Pty Ltd., Sunrise Beach, Queensland, Australia).

RESULTS

1. Search Results and Trial Characteristics
Of the 35 potentially relevant publications identified through 

Table 2. Relation of adding-on with each gap differences

Study GD

No. of patients by different groups of gap differences

LIV–SV = -1 LIV–NV = 0 LIV–EV = 1 LIV–LTV = 0 LIV–(STV/
nSTV+1) = 0 

AO NAO AO NAO AO NAO AO NAO AO NAO
Wang et al.,13 2011 GD < 23 15 16   9 23 13 NA NA NA NA

GD =   0   6   7   8   0   5 NA NA NA NA
GD >   0   1   0   5   0   4 NA NA NA NA

Cho et al.,5 2012 GD < 30 83 34 83 24 75 17 35 33 99
GD =   7 38   4 37 12 47 15 64   7 32
GD >   3 34   2 31   4 33   8 53   0  21

Matsumoto et al.,15 2013 GD < 12 20 16 39 18 41 17 28 NA NA
GD =   7 37   2 21   3 35   4 39 NA NA
GD >   2 34   3 31   0 15   0 24 NA NA

Cao et al.,14 2014 GD < 11 41 10 31   8 16   9   9 NA NA
GD =   4 35   2 31   5 46   4 50 NA NA
GD >   1 24   4 38   3 38   3 41 NA NA

Murphy et al.,12 2016 GD < NA NA 20 77 NA NA   5 19 18 44
GD = NA NA   3 22 NA NA 15 68   8 81
GD > NA NA   2 34 NA NA   7 46   1   8

Qin et al.,11 2016 GD < NA NA NA NA NA NA NA NA 14   7
GD = NA NA NA NA NA NA NA NA   9 74
GD > NA NA NA NA NA NA NA NA NA NA

Absolute risk at the  
landmarks, n (%)

18/134 (13.4) 18/137 (13.1) 20/153 (13.0) 38/259 (14.6) 24/211 (11.3)

GD, gap difference; GD < , instrumentation end proximal to landmark; GD = , instrumentation end at the landmark; GD > , instrumentation 
end distal to landmark; LIV, lower instrumented vertebra; SV, stable vertebra; NV, neutral vertebra; EV, end vertebra; LTV, last touched verte-
bra; STV, substantially touched vertebra; nSTV, nonsubstantially touched vertebra; AO: adding-on; NAO: non-adding-on.
Crude risk at the landmark: AO/(AO+NAO).
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the database search, 6 studies met all the inclusion criteria for a 
total of 732 AIS patients treated with thoracic-only fusions for 
Lenke type 1A or 2A curves making up our study population 
(Fig. 1). A summary of the trial characteristics is presented in 
Table 1. Among the articles included in this study, 3 studies 
used posterior only instrumentation with pedicle screws,11-13 2 
studies used hybrid techniques of pedicle screws with proximal 
hooks,14,15 and the remaining study had a small number of pa-
tients treated with an anterior approach that we did not specifi-
cally exclude.5 These differences in surgical approaches among 
different studies may also have some influence on distal AO and 
is thus a limitation of current study.

2. Characterization of Gap Difference and AO
Among the 732 patients, there were 150 (20.5%) that met the 

criteria of AO. All patients extracted from the 6 studies were 
grouped into AO vs. non-AO groups, and then arranged ac-
cording to the gap differences (Table 2). We merged the STV 
and nSTV+1 groups together due to the relatively small num-
ber of studies ( < 3 existing studies providing information re-
garding these landmarks) and the similarities between them.

3. Statistical Analysis Results
The results of the meta-analysis are summarized in Table 3. 

The pooled OR for each of the 5 landmarks (SV-1, EV+1, NV, 

Fig. 1. Flow chart showing the study selection process. Studies were eliminated if they did not meet the following criteria: ≥ 30 
patients with Lenke type 1A or 2A curves, thoracic-only spinal fusion, inclusion of outcome differences in adding-on and non-
adding-on groups. Review articles, letters, and case reports were also excluded.

84 Records identified through database searching

40 Records after duplicates eliminated
21 Records excluded

- 8 Review and discuss abstract 
- 13 Nonrelevant 

13 Full-text articles excluded
-  13 Lack of information about gap 

difference 

19 Records screened by abstract

19 Full-text articles accessed for eligibility

6 Studies included in qualitative synthesis

6 Studies included in quantitative synthesis = 732 Patients
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Fig. 2. Illustration of the EV, SV, NV, LTV, STV, nSTV, and 
nSTV+1. The STV is defined as the most proximal vertebra 
where the CSVL either intersects or is medial to the pedicle 
outline. The nSTV is defined as the most proximal vertebra 
where the CSVL touches the corner of the vertebra lateral to 
the pedicle. EV, end vertebra; SV, stable vertebra; NV, neutral 
vertebra; LTV, last touched vertebra; STV, substantially touched 
vertebra; nSTV, nonsubstantially touched vertebra; CSVL, cen-
tral sacral vertical line.

LTV, STV/nSTV+1) (Fig. 2) demonstrated a significantly in-
creased risk of AO if the LIV was chosen above each landmark. 
The data also showed that if additional levels were fused (i.e., 
LIV distal to the landmark), there was no statistically signifi-
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cant benefit in further reducing the risk of AO (Supplementary 
Fig. 1).

DISCUSSION

The ultimate goal for AIS correction is to achieve a globally 
balanced spine in both the coronal and sagittal planes while min-
imizing surgical comorbidities. The surgery should correct/halt 
deformity progression while maintaining as many motion seg-
ments as possible while providing a long lasting and stable align-
ment. Despite the importance of LIV selection, there is no uni-
versally accepted method for determining the LIV for AIS cor-
rection. In 1983, King et al.16 retrospectively reviewed 405 pa-
tients who underwent AIS correction and recommended ex-
tending the fusion down to “the vertebra that is neutral and sta-
ble.” However, this recommendation was based on the Harrington 
rod construct that was widely used at the time.

In 2003, Suk et al.8 conducted a retrospective review of 42 AIS 
patients with a main thoracic curve who underwent scoliosis 
correction. The authors found that when the NV is at the same 
level or one level distal to the EV, fusion extending to the NV 
provided satisfactory deformity correction with minimal risk of 
AO. When the NV is 2 or more levels distal to the EV, fusion 
extending to NV-1 provided adequate results. However, when 
the fusion was too short, i.e., fusion extending to NV-2 or short-
er, a high percentage of patients (73.7%) had unsatisfactory re-
sults postoperatively and had an increased risk of developing 
AO. Unfortunately, both NV and EV have poor interobserver 
reliability,17 therefore determining the LIV based on the NV and 
EV can be inconsistent amongst different surgeons thus pro-

ducing variable results.
In 2011, Wang et al.13 reviewed a series of 45 patients with 

Lenke type 1A curves who underwent surgical correction and 
found 51.1% with AO during a minimum of 1-year follow-up. 
They found that the incidence of AO increased significantly 
when the preoperative LIV+1 deviation from the CSVL was 
more than 10 mm, thus they recommended choosing the first 
vertebra cranially that deviates from the CSVL > 10 mm as the 
LIV. However, this method is more cumbersome and has not 
been validated in a larger group of patients.

To overcome the inconsistencies of using SV, NV, and EV as 
methods of LIV selection, several authors10,13,14 have demon-
strated that using the LTV and STV is a more reliable method 
of LIV selection for thoracic fusions.

In 2013, Matsumoto et al.15 studied 112 patients who had un-
dergone posterior thoracic fusion surgery for Lenke type 1A 
curves where 18.8% of patients had AO at > 2-year follow-up. 
The authors found that patients with fusions ending proximal 
to the LTV were at a much higher risk for AO after surgery (OR, 
6.7; 95% CI, 1.9–23.9; p= 0.003). Thus, the authors suggested 
choosing the LIV at or distal to the LTV for Lenke type 1A curves.

In 2014, Cao et al.14 studied 116 patients with Lenke type 2A 
curves and found 14% of the patients had AO at 2-year follow-
up based on their criteria. Patients with a LIV proximal to the 
LTV had a much higher incidence of AO in their study. Thus, 
these authors concluded that the LIV should be at the LTV or 
LTV+1.

In 2016, Qin et al.11 studied a series of 104 patients with Len-
ke type 1A curves who underwent posterior thoracic fusion 
with a minimum of 2-year follow-up. They defined the STV as 

Table 3. Summary of odds ratios if LIV did not end at the landmark

Landmark No. of study/patients OR (95% CI) I2 (%)

LIV–SV < -1 vs. LIV-SV = -1 4/369 2.595 (1.435–4.694)   0

LIV–SV > -1 vs. LIV-SV = -1 4/233 0.440 (0.170–1.134)   0

LIV–EV < 1 vs. LIV-EV = 1 4/371 2.429 (1.360–4.340) 56

LIV–EV > 1 vs. LIV-EV = 1 4/250 0.557 (0.231–1.341)   0

LIV–NV < 0 vs. LIV-NV = 0 5/472 3.045 (1.675–5.537)   0

LIV–NV > 0 vs. LIV-NV = 0 5/286 0.691 (0.290–1.650)   0

LIV–LTV < 0 vs. LIV-LTV = 0 4/398 3.399 (1.324–8.727) 66

LIV–LTV > 0 vs. LIV-LTV = 0 4/441 0.661 (0.361–1.210)   0

LIV–(STV or nSTV+1) < 0 vs. LIV–(STV or nSTV+1) = 0 3/426 4.519 (1.254–16.281) 80

LIV–(STV or nSTV+1) > 0 vs. LIV–(STV or nSTV+1) = 0 2/158 0.504 (0.087–2.923) 46

LIV, lower instrumented vertebra; SV, stable vertebra; EV, end vertebra; NV, neutral vertebra; LTV, last touched vertebra; STV, substantially 
touched vertebra; nSTV, nonsubstantially touched vertebra; OR, odds ratio; CI, confidence interval. 
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the vertebra where the CSVL was between the pedicles or touch-
ing the pedicle, and the nSTV as the vertebra where the CSVL 
was only touching the corner of the vertebra lateral to the pedi-
cle. They found that the nSTV group was at a significantly high-
er risk than the nSTV+1 or the STV groups (66.7% vs. 11.6% vs. 
10.0%, p< 0.01). Therefore, the authors recommended choos-
ing the STV or nSTV+1 as the LIV for patients with Lenke type 
1A curves.

In our study, we summarized the occurrence and absolute 
risk of AO with various methods of LIV selection (Tables 2, 3). 
Surprisingly, we found that using the LTV as the LIV, which is 
one of the commonly used landmarks for AIS correction, pro-
duced the highest absolute risk of AO (14.6%), while using the 
STV/nSTV+1 yielded the lowest (11.3%). It is interesting that 
these 2 landmarks (LTV vs. STV/nSTV+1) adapted from a sim-
ilar concept are at 2 ends of the risk spectrum from the avail-
able data. Our data showed that fusing shorter than the STV/
nSTV+1 also gave the statistically highest OR of AO4,5 compared 
to using the LTV, SV-1, EV+1, and NV; this means that there 
was a more significant reduction in risk if the instrumentation 
extended at least equal or distal to the STV or nSTV+1 as com-
pared with other landmarks. Interestingly, fusion beyond the 
STV/nSTV+1 did not provide further statistically significant 
risk reduction of AO.

Beside the coronal landmarks, other important factors such 
as sagittal landmarks,17 surgical techniques and patient-specific 
variables can also contribute to the difference in clinical out-
comes. Various risk factors have been associated with the distal 
AO phenomenon including young age,13 skeletal immaturity,12 
preoperative coronal C7-CSVL distance > 2 cm,13 right tilt of 
the L4 disc,5 as well as improper selection of the LIV.5,6,8-15,18 In 
2008, Miyanji et al.18 noted a distinct difference within the Len-
ke 1A subtype based on the direction of the L4 vertebral tilt, 
grouping the patients as 1A-L if L4 is tilted down on the left 
side and 1A-R if the right side is lower (Fig. 3). Cho et al.5 sug-
gested fusing distally to 1 level above the NV or 1 to 2 levels 
above the SV in 1A-R curves to prevent AO. Murphy et al.12 
further suggested choosing the last STV (LSTV) as the LIV in 
Lenke 1 and 2 curve patterns with an A-R lumbar modifier 
which significantly decreased the risk of distal AO. In our meta-
analysis, no RCTs were published in the current literature re-
garding LIV selection for AIS correction, however, we have in-
cluded publications with the highest evidence. The landmarks 
in the study and the extraction of associated information were 
limited by the published data.

The definition of distal AO varied in the existing literature. 

Cho et al.5 defined distal AO as an increase in the Cobb angle 
of at least 5° and distalization of the EV of the thoracic curve or 
a change in disc angulation of 5° or greater below the lowest in-
strumented vertebra from the first erect to 2-year postoperative 
radiographs. Wang et al.6 defined distal AO as a progressive in-
crease in the number of vertebrae included distally within the 
primary curve combined with either an increase of more than 5 
mm in deviation of the first vertebra below instrumentation 
from the CSVL, or an increase of more than 5° in the angula-
tion of the first disc below the instrumentation. These slight 
discrepancies in definitions may contribute to some errors in 
our analysis. Another limitation of the study is fact that there 
will always be some interobserver errors with selecting the land-
marks, thus creating some variability on the final LIV selection. 
However, all the landmarks have fairly objective imaging crite-
ria, we believe the interobserver error is relatively small, and 
does not significantly affect the results. In addition, ideally Len-
ke type 1A and 2A curves should be analyzed separately given 
the potential influence of shoulder balance on distal AO. How-
ever, due to the limited number of studies, these were grouped 
together for the purpose of this study.

CONCLUSION

Proper LIV selection is crucial for both preservation of range 

Fig. 3. Two coronal x-rays demonstrating L4 vertebral tilt in 
Lenke type 1A curves. (A) L4 is tilted down to the right result-
ing in the designation 1A-R, and (B) shows a 1A-L curve as 
the left side of L4 is lower.

A B

1A-L
1A-R
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of motion and to minimize the chance of the AO phenomenon. 
No consensus to date in the published literature exists regard-
ing the use of a specific landmark for the optimal LIV choice. 
Using the pooled data, we concluded that all 5 landmarks share 
similar characteristics that result in a significantly higher rate of 
AO if the LIV was located proximal to the specific landmarks 
and a statistically insignificant trend to decrease the rate of AO 
if the LIV was distal to these landmarks. The STV or nSTV+1 
has the lowest absolute risk of AO and the highest risk reduc-
tion when instrumentation stops at or distal to this landmark. 
Additionally, extending the instrumentation further distal to 
this landmark may not be necessary because of insignificant 
risk reduction. Selection of the optimal LIV is a complex issue 
and spine surgeons must balance the risk of AO with the need 
for motion preservation in young patients. It is also important 
to recognize that both patient-specific characteristics and surgi-
cal planning/technique can lead to unsatisfactory clinical out-
comes. With more understanding of the 3-dimensional charac-
teristics of the scoliotic spine and the biomechanical effects from 
the instrumentation, a more definitive recommendation may 
be provided regarding the levels of instrumentation and fusion.
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Supplementary Fig. 1. Corresponding forest plot from Table 3. LIV, lower instrumented vertebra; SV, stable vertebra; EV, end 
vertebra; NV, neutral vertebra; LTV: last touched vertebra; STV, substantially touched vertebra; nSTV, nonsubstantially touched 
vertebra; OR, odds ratio; CI, confidence interval. 


