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Abstract

Study Design: Retrospective cohort study.

Objectives: To assess if pedicle dysplasia is present in proximal thoracic (PT), both structural and nonstructural, compared to
main thoracic (MT) curves; and to assess if it is predictive of radiographic outcomes at minimum 2 years of follow-up.

Methods: A retrospective review of surgically-treated Adolescent Idiopathic Scoliosis (AIS) patients with Lenke 1-2-3-4 curves
was performed. On preoperative CT-scan, at the apical vertebra, pedicle width on the concavity (PWc) and on the convexity
(PWv) and Pedicle Dysplasia Index (PDI, defined as PWc/PWv) were measured. Preoperative and last follow-up (at least
2 years) x-rays were reviewed.

Results: 104 patients meeting the inclusion criteria were divided into Structural-PT (S-PT) and Nonstructural-PT (NS-PT)
groups based on Lenke criteria. PWc (P < .001). And PDI (P < .001 for S-PT, P = .004 for NS-PT) were significantly smaller in the
PT than in MT curves for both groups. PT-PWc significantly correlated with follow-up PT Cobb for both groups (P < .001 and
P = .015 respectively). PT-PDI significantly correlated with follow-up PT-Cobb (P < .001), CA (P < .040) and T1 tilt (P < .002),
only for NS-PT group. NS-PT patients with PWc PT <1 mm had higher RSHD (P = .021) and T1 tilt (P = .025) at follow-up.
NS-PT patients with PDI PT <.3 had higher RSHD (P < .001), CA (P = .002) and T1 tilt (P = .003) at follow-up.

Conclusion: S-PT and NS-PT curves show significant pedicle dysplasia on the concavity. Pedicle dysplasia significantly
correlated with shoulder balance at follow-up, for NS-PT patterns. Patients with a PWc <1 mm or PDI <.30 are at particular risk
of postoperative shoulder imbalance.
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Introduction

Adolescent idiopathic scoliosis (AIS) is a complex tridi-
mensional spinal deformity characterized by typical anato-
mopathological features, such as translation, rotation and
wedge-shaped deformation of the vertebral bodies. Further-
more, pedicles on the concave side of the curves are char-
acterized by a narrower diameter compared to pedicles on the
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convex side.1 While these features are keystones elements in
the definition of the AIS curves and in the concept of curve
structuration (as they are more marked toward the apex of the
curve and as curve severity increases), none of the most widely
adopted classification systems.2,3 takes them into account. In
particular, pedicle dysplasia has gained growing attention with
the development and spreading of pedicle screws systems,
since it could be determinant in the choice of screws’ diameter
and trajectory.4 Its prevalence, although based only upon the
absolute pedicle width, is reported to be significantly higher in
AIS patients than in the general population.5 However, while
pedicle dysplasia has been extensively described in main
thoracic curves (MT),6 it has not been thoroughly charac-
terized in proximal thoracic curves (PT). Therefore, the first
aim of the presented study is to analyze the presence of pedicle
dysplasia in PT curves, both structural and nonstructural ac-
cording to the Lenke classification’s criteria.

In the second place, the study looked at any possible
connection between pedicle dysplasia and the main surgical
outcomes, particularly with regard to PT curve correction and
shoulder balance, at minimum 2 years of follow-up.

Patients and Methods

Study Design

A retrospective review of AIS patients with a major thoracic
curve pattern (Lenke 1, 2, 3, 4) who underwent correction
surgery between 2016 and 2020 was undertaken. Non-
idiopathic scoliosis, infantile and juvenile idiopathic scolio-
sis diagnoses, or age>25, were considered exclusion criteria,
as well as the absence of a preoperative CT-scan. Follow-up of
less than 2 years was considered an exclusion criterion. All
patients signed an informed consent on the use of their clinical
documentation for scientific purposes. The local Ethics
Committee approved this retrospective study.

Data Collection

The pedicle anatomy was studied using preoperative multi-
planar reformation (MPR) CT scan images. Window level and
diameter were optimized for the measurement of bony
structures. Using the multiplanar reformation, we chose the
optimal slice trying to obtain the most precise image in the true
axial plane of the apical vertebra, at the level of the middle
portion of the pedicle in the craniocaudal direction. Pedicle
width on the concavity (PWc) and on the convexity (PWv)
side at the apical vertebra of the PT and MT curves were
measured, defined as the shortest distance along the per-
pendicular to the line passing through the pedicle’s axis, using
the outer cortex of the pedicles as reference (Figure 1).
Moreover, Pedicle Dysplasia Index (PDI), defined as PWc/
PWv, was introduced as a new parameter in order to further
assess the anatomical dysplasia of pedicles. Finally, on pre-
operative MPR CT scan, the angle of rotation (RAsag) of the

apical vertrebra was measured. On the preoperative and last
follow-up full-length standing x-rays, the following measures
were taken: Cobb angle of PTandMTcurve, T5-T12 kyphosis
(TK), L1-S1 lordosis (LL), radiographic shoulder height
difference (RSHD), clavicle angle (CA), T1 tilt, C7 plumb
line/central sacral vertical line distance (C7PL-CSVL) and
MT curve apical vertebral translation (AVT). All the mea-
surements were taken by two experienced spine surgeons. All
patients underwent scoliosis correction based on the same
technique: posterior approach, high density pedicle screws,
multiple asymmetrical periapical Ponte osteotomies in the MT
curve, translation maneuver over asymmetric shaped cobalt
chrome rods and direct vertebral rotation. The implants used to
treat these patients were K2M Mesa ® and Solera Medtronic
®. All surgeries were performed by the same surgical team.
The fusion area was selected according to Lenke’s criteria.2

Patients Characteristics

104 patients (85 females and 19 males) were included, with a
follow-up of 38.8 ± 15.1 (range 24-72). The average age was
15.6 ± 3.1 (range 11-24). Patients were subdivided in
Structural PT group (S-PT), which included patients with a
structural PT curve according to Lenke criteria (2 and 4
pattern), and Nonstructural PT group (NS-PT), which in-
cluded patients with a nonstructural PT curve according to
Lenke criteria (1 and 3 pattern). Patient’s characteristics are
summarized in Table 1. None of the included patients had a
history of significant shoulder injuries, diseases or of shoulder
surgeries.

Statistical Analysis

Parametric test was used to compare samples in case of
continuous variables, normal distribution and appropriate
numerousness. As parametric test, two-tailed studentt test was
used to compare the mean values of the variables. Multivariate
regression analysis was utilized to identify the possible cor-
relations between pedicle dysplasia and radiographical out-
comes.P values <.05 were considered to be significant.
Jamovi statistical analysis software (The jamovi project
(2021), jamovi Version 1.6) was used to perform statistical
analysis.

Results

Pedicle Dysplasia and Apical Vertebral Rotation of
Structural and Nonstrutcutal Proximal Thoracic Curves

PWc in the PT curve resulted significantly lower than PWc in
the MT curve both in all cohort (1.63 ± .86 vs 3.27 ± 1.33; P <
.001), S-PT group (1.42 ± .71 vs 3.44 ± 1.46; P < .001) and
NS-PT group (1.76 ± .93 vs 3.18 ± 1.24; P < .001). Con-
versely, PWv did not significantly differ between PT and MT
regions, in all the three groups. PDI proved to be significantly
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smaller in the PT curves than in MT curves, both in all cohort
(.39 ± .22 vs .80 ± .95; P < .001), S-PT (.36 ± .27 vs .72 ± .29;
P < .001) and NS-PTcurves (.41 ± .18 vs .85 ± 1.18; P = .004).
Conversely, RASag proved to be significantly higher in the
MTcurves than in PTcurves, both in all cohort (10.06 ± 5.4 vs
20.22 ± 9.93; P < .001) S-PT group (10.06 ± 5.4 vs 20.22 ±
9.93; P < .001) and NS-PT group (10.06 ± 5.4 vs 20.22 ± 9.93;
P < .001). Finally, the S-PT group and the NS-PT group were
compared for each of the aforementioned parameters. Of note,
PWc PT was found to be significantly smaller in the S-PT
group (1.42 ± .71 vs 1.76 ± .93; P = .036). Moreover, both
RASag PT and RASag MTwere significantly higher in the S-
PT group than in the NS-PT group (13.05 ± 5.50 vs 8.33 ±
4.60, P < .001; 25.36 ± 10.64 vs 17.31 ± 8.26 P < .001)
(Table 2).

Figure 1. Exemplificative case. (A): Preoperative radiographic appearance of a 20 years old female patient with a 59° main thoracic curve. The
side bending and lateral films, reveal the unstructural nature of the proximal thoracic and of the lumbar curves (B): Axial CT-scan of apical
vertebra of the PT curve (T1, left) and of the MT curve (T7, right). In blue, the pedicle axis, in red the PW (pedicle width). It can be noted the
severe pedicle dysplasia in the PT curve (PWc = 0,4 mm; PWv = 2,8 mm) and the moderate dysplasia in the MT curve (PWc = 2,4; PWv =
2,9 mm).

Table 1. Sample Characteristics, Including Clinical and Radiographic
Features.

Patients n 104 (85 Females; 19 Males)
Average age (years) 15.63 ± 3.14 (range 11-24)
Curve type I: 38; II: 31; III: 27; IV 8
Average follow-up (months) 38.80 ± 15.14 (range 24-72)
Preoperative PT cobb 35.23 ± 16.00
Preoperative MT cobb 69.29 ± 23.04
Preoperative TK 23.54 ± 17.29
Preoperative LL 55.87 ± 13.95
Postoperative PT cobb 22.09 ± 10.44
Postoperative MT cobb 26.45 ± 11.67
Postoperative TK 21.35 ± 10.68
Postoperative LL 52.29 ± 10.16

Viroli et al. 3



Is Pedicle Dysplasia in the Pt Curve A Potential
Predictor for Correction Results?

PWc in the PTcurvewas significantly correlatedwith Last Follow-
up Cobb of the PTcurve both in all cohort (R =�.384, P < .001),
S-PT group (R =�.520, P < .001) and NS-PT group (R =�.302,
P < .015). Moreover, PWc of the PT curve was significantly
correlatedwith all the shoulder balancemeasures in the last follow-
up x-rays for all cohort (RSHD: R = �.319, P < .048; CA:
R = �.215, P < .017; T1 tilt: R = �.335, P < .001) and NS-PT
group (RSHD: R =�.296,P < .017; CA: R =�.322,P < .009; T1
tilt: R = �.420, P < .001) (Image 1(A)), but not for S-PT group
(Image 2(A)). PDI of the PT curve showed significant correlation
with Last FU radiographic outcomes only in NS-PT (Image 1(B)
and 2(B)) group, and specifically for the following parameters:
Last Follow-up Cobb of the PT (R = �.425, P < .001), CA
(R =�.255, P < .040) and T1 tilt (R =�.372, P < .002) (Table 3).
To further assess the relation between dysplasia and shoulder
balance, patients in S- and NS-PT groups were stratified based on
PWc (< or ≥1 mm) and PDI (< or ≥.3) (Table 4). NS-PT group
patients with PWc PT <1 mm had significantly higher RSHD
(6.11 ± 7.88 vs 3.27 ± 1.33;P = .021) and T1 tilt (3.50 ± 4.48 3.18
± 1.24; P = .025) at 2 years follow-up. NS-PT patients with PDI
PT <.3 had significantly higher RSHD (2.57 ± 9.38 vs �.53 ±
12.79; P < .001), CA (�.54 ± 1.66 vs�.07 ± 2.78; P = .002) and
T1 tilt (2.78 ± 4.24 vs .98 ± 5.34; P = .003) at 2 years follow-up.

Furthermore, for all the three groups, RASag of the PT
curve significantly correlated with several radiographic pa-
rameters at last follow-up. Table 3. When looking at MT
curves, some significant correlations were found for PWc MT
with Cobb Angle of the MTcurve and TK at the last follow-up
of the NS-PT group, and for PDI MTwith Last Follow-up LL
for all cohort and NS-PT group. Table 5.

Discussion

The gold standard of AIS surgical classifications is the Lenke
classification system.2 The funding concept of this

classification system is the distinction between structural and
nonstructural curves, which is based on the magnitude of the
curves measured on side bending films or on the presence of
kyphosis at the involved tract. Structural curves remain greater
than 25° on side bending or they are characterized by seg-
mental kyphosis greater than 20° (at T2-T5 for PT curves, at
T10-L2 for MT or thoracolumbar/lumbar curves).

As a general principle, but with some exceptions, structural
curves need to be fused while nonstructural curves may not be
included in the fusion area. In fact, unfused nonstructural
curves typically show spontaneous correction with the cor-
rection of the adjacent structural curve.7,8 However, the
presence of the typical anatomopathological features of
structural curves in a minor nonstructural curve, could raise
questions about its real nature, whether structural or non-
structural, regardless of its side bending flexibility. Conse-
quently, this may influence the treatment in terms of fusion
area or corrective maneuver. For example, in some Lenke 1C
curves, it may be advised to perform a non-selective thoraco-
lumbar fusion if there is a substantial AVR in the nonstrucural
lumbar curve (AVR ratio MT: TL/L x 1).9 Alongside rota-
tion, a key and often overlooked pathological element of AIS
vertebrae is pedicle dysplasia. While pedicle dysplasia has
been extensively described in MT curves, its presence in
structural and nonstructural PT curves is still unclear. In
particular, Çatan et al.10 found a smaller pedicle width in the
concavity of the MTcurve compared to the convex side of AIS
curves, but the same result was not found at the PT level.
Conversely, Takeshita et al,11 in a subset of scoliotic patients
of mixed aetiology, and Kuraishi et al ,12 in a group of AIS
patients, demonstrated that pedicles on the concave side of PT
curve was significantly dysplastic, with smaller diameters
compared to the convex side. The first aim of our study was to
bring further evidence regarding the possible presence of
typical AIS pathoanatomical features, particularly in terms of
pedicle dysplasia and AVR, in the PT curves, both structural
and nonstructural. In the present study, the analysis of a single-
center-109 AIS patients cohort, confirmed the presence of

Table 2. Pedicle Dysplasia and Apical Vertebral Rotation in PT and MT Curves.

n
PWc
PT

PWc
MT P value

PWv
PT

PWv
MT

P
value

PDI
PT

PDI
MT P value RASag PT

RASag
MT P value

All Cohort 104 1.63 ±
.86

3.27 ±
1.33

< .001*** 4.29 ±
.96

4.83 ±
3.59

.139 .39 ±
.22

.80 ±
.95

< .001*** 10.06 ±
5.43

20.22 ±
9.93

< .001***

S-PT group 65 1.42 ±
.71

3.44 ±
1.46

< .001*** 4.40 ±
1.15

4.76 ±
1.10

.163 .36 ±
.27

.72 ±
.29

< .001*** 13.05 ±
5.50

25.36 ±
10.64

< .001***

NS-PT group 39 1.76 ±
.93

3.18 ±
1.24

< .001*** 4.22 ±
.83

4.88 ±
4.48

.252 .41 ±
.18

.85 ±
1.18

.004** 8.33 ± 4.60 17.31 ±
8.26

< .001***

P value
(S-PT vs NS-
PT groups)

.036* .357 .413 .837 .243 .407 < .001*** < .001***

*P < .05, **P < .01, ***P < .001. PWc (pedicle width on the concavity), PWv (pedicle width on the convexity), PDI (pedicle dyslasia index: PWc/PWv), RASag
(angle of rotation), PT (proximal thoracic curve), MT (main thoracic curve), S-PT group (structural proximal thoracic group), NS-PT group (nonstructural
proximal thoracic group). The bold indicates stastically significant values.
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AVR and pedicle dysplasia in the PT curves, both structural
and nonstrucural, introducing a new parameter, the PDI. In the
second place, and to our knowledge for the first time, a
significant correlation between pedicle dysplasia and radio-
graphic correction outcomes, particularly in terms of shoulder
balance and PT curve coronal correction, has been showed at
2 years follow-up.

Limitations

The present study does not come without several limita-
tions. Firstly, the measures were manually performed using
multiplanar reformation (MPR) CT scan images. Consid-
ering the tridimensional nature of the scoliotic deformity,
obtaining a perfectly oriented image in the axial plane of the
vertebrae may at times be challenging and minor variations
can lead to major measurement differences. Secondly, all
the patients included in the present study had a preoperative
CT-scan for surgical planning reasons. Considering the
risks of radiation exposure, this examination is not routinely
performed for all patients at our center. Typically, the de-
cision to perform a preoperative low-dose CT-scan for
surgical planning is made on a case-by-case basis, de-
pending on the patient’s age and on the curve’s

characteristics (magnitude, rotation, stiffness). Therefore,
our cohort may only represent a limited subset of surgical
AIS patients. However, while this may be a bias as for the
first question (more severe curves may have more severe
pathoanatomical features, in terms of dysplasia and AVR),
we believe that the correlation between pedicle dysplasia
and radiographic outcomes is especially relevant when
planning a challenging AIS correction case. Thirdly, the
single-center-, single-surgical team-design is a clear limi-
tation: some key point like the surgical technique adopted
must be acknowledged as possible confounding factors.
Moreover, we only considered radiographic shoulder bal-
ance, without a clinical shoulder balance evaluation, which
may be inconsistent with radiographic shoulder balance.13

In addition to it, we were not able to perform a correlation
between the radiographic results and the outcome of a well
refined questionnaire about the cosmetic perception of each
patient, specifically focusing on the individual impact of
shoulder balance. In fact, no questionnaire such as the
Spinal Appearance Questionnaire.14 was validated in our
language at the time of the enrollment. Finally, the retro-
spective nature of the study is a clear limitation. Despite
that, compared to previous studies on this topic, possible
strengths of our study are the relatively large sample, the

Image 1. (A and B) Correlation plots between PWc (2A), PDI (2B) and shoulder balance parameters (Radiographic Shoulder Height
Difference, Clavicular Angle, T1 Tilt) for Nonstructural PT group.

Viroli et al. 5



inclusion of Lenke 1-4 patterns, of male and female pa-
tients, and of all-AIS curves.

Pedicle Dysplasia and Apical Vertebral Rotation of
Structural And Nonstrutcutal Proximal Thoracic Curves

The present study demonstrated a clear presence of the typical
scoliotic anatomopathological features at the level of the
minor, proximal curve. Regarding the pedicle dysplasia, PT
curves’ concavity, in both S- and NS-PT groups, showed a
significantly narrower diameter in the axial plane (PWc) than
MTcurves’ concavity. However it must be considered that PW
is reported to decrease from T1 to T4 and to increase from T5
to T12.5 Therefore, to reduce any size variation associated
with the multiple levels being evaluated, we introduced a new
parameter named pedicle dysplasia index (PDI), which is
defined as PWc/PWv. The analysis of the PDI of the PT and
MTcurves, confirmed the existence of a more severe dysplasia
at the level of the PT curve apex, both structural and non-
structural. Regarding the presence of significant dysplasia at
the PT level, our results agree with those of Takeshita et and
Kuraishi et al, but with an increased level of evidence, thanks
to a more homogeneous cohort (only AIS curves) and a larger

sample size (104 patients). Moreover, our results partially
contrast with those of Gao et al,5 who, in a cohort of Lenke 1
patients, found the structural MT curve to be more severely
dysplastic than the nonstructural PT curve. In fact, we found
the PT curve, even when nonstructural, to be more severely
dysplastic than the MTcurve, in terms of reduced PWc. This is
somewhat unexpected and paradoxical. In fact, we typically
imagine the PT as a curve that develops as a mere mechanical
compensation to the MT curve, allowing the patients to
maintain a horizontal gaze. Mechanics undoubtedly has an
impact on pathoanatomy since, according to the Hueter-
Volkmann principle, the forces that arise on a compensa-
tory curve might lead to a reduced growth on the concavity-
compression, side, compared to the convexity-tension, side.15

However, the fact that pedicle dysplasia in a NS-PT curve is
even worse than in a structural MT curve, suggests the pos-
sibility that this might be the result of a biologic pathoana-
tomical process that is primitively active in the upper thoracic
vertebrae and not a simple consequence of the mechanical
environment in which the vertebrae are developing.

On the other hand, rotation was shown to be significantly
worse in MT than PT curves, in both S and NS-PT groups.
These findings seem to suggest that, from a pathoanatomical

Image 2. (A and B) Correlation plots between PWc (3A), PDI (3B) and shoulder balance parameters (Radiographic Shoulder Height
Difference, Clavicular Angle, T1 Tilt) for Structural PT group.
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perspective, the MTcurve might be “rotation driven”, whereas
the PT curve might be “dysplastic driven”.

Finally, S- and NS-PT curves were compared. The S-PT
curves had more severe pathological anatomy features than
NS-PT curves when it came to rotation (P < .001) and dys-
plasia, though there was a minor statistical significance for
PWc (P = .036) and no significance for PDI (P = .243). This
confirmed that the severity of the pathoanatomical features is
proportional to the structuring nature of the deformity.

Is Pedicle Dysplasia in the Pt Curve A Potential
Predictor for Correction Results?

To our knowledge for the first time, the present study searched
for a possible correlation between the pedicle dysplasia,
particularly in the PT curve, and radiographic correction
outcomes at minimum 2 years of follow-up. In particular, a
significant correlation between the PWc in the PT curve and
the magnitude of the PT curve at the last follow-up occurred,
for both S- and NS-PT curve. The fact that this correlation was
stronger for S-PT than for NS-PT group (R = �.520, P < .001
vs R = �.302, P < .015) may suggest that it may have been
biased by the curve’s stiffness. Nevertheless, the fact that both
the S-PT (relatively stiffer) and NS-PT (relatively more
elastic) groups achieved this outcome indicates that additional
variables are at work.

In particular, this may have a mechanical explanation, since
in case of severely dysplastic pedicles, funnel pedicle screw
trajectories are hardly feasible, and in-out-in trajectories are
often required.16,17 However, in-out-in screws inevitably
provide lower pullout resistance, ranging from 64 to 80%.18–20

of the interpedicular screws’ pullout strength. This is clearly a
limitation in terms of the amount of corrective force that can be
demanded to each anchor point, either objective (suboptimal
force transmission from the screw to the vertebra) or sub-
jective (lower exertion of corrective forces by the surgeon,
trying to avoid any intraoperative pull-out).

Finally, one of the most interesting findings of this study,
was the identification of a correlation between PT curve
pedicle dysplasia and radiographic shoulder balance at
minimum 2 years of follow-up. Shoulder balance has been
identified as a key aspect of idiopathic scoliosis aesthetic
deformity.21,22 In particular Raso et al.23 reported that
shoulder imbalance, combined with scapular and waist
asymmetry, accounted for 75% of the perception of trunk
deformity by the patients. At the same time, restoring an ideal
shoulder balance after AIS surgery can be challenging, as
the reported postoperative shoulder imbalance rate is nearly
25% .24 Moreover, the identification of preoperative risk
factors for postoperative shoulder imbalance is still an un-
solved question, as a recent meta-analysis identified the
Lumbar Curve preoperative Cobb to be the only significant
risk factor.24 In our study, at minimum 2 of years follow-up,
shoulder balance was significantly correlated with pedicle

dysplasia only for NS-PT group. Specifically, both medial
and lateral shoulder balance were affected, with RSHD
significantly related with PWc (R = �.296, P < .017), CA
significantly related with PWc (R =�.322, P < .009) and PDI
(R = �.255, P < .040), T1 tilt significantly related with PWc
(R =�.420, P < .001) and PDI (T1 tilt: R =�.372, P < .002).
Conversely, no significant correlation between any radio-
graphic shoulder balance parameter and pedicle dysplasia
was recorded for S-PT group. This data are even more in-
teresting when considering that pedicle dysplasia was sig-
nificantly more severe in S-PT group than NS-PT group, as
previously stated. These results might be explained by a
classification issue. In other words, in Lenke 2 and 4 patterns,
structural PT curves are usually appropriately addressed
thanks to a fusion area usually extended up to T2 and/or via
an effective corrective maneuver (more accurate segmental
compression-distraction at the upper thoracic level). This
would eventually lead to a more balanced correction rate
between the MT and PT curves and a reduction of the T1 tilt,
with a consequent improvement in shoulders balance.

Conversely, in Lenke 1 and 3 patterns, as PT curves are
reported to self-correct in 86% of patients,25 nonstructural PT
curves are hardly included in the fusion area and the corrective
maneuver is more focused on the MT curve, but this may rise
some shoulder balance issues. In fact, not only a correlation
between pedicle dysplasia and shoulder balance was detected,
but the present study identified a specific subset of Lenke 1
and 3 patterns, characterized by a severe pedicle dysplasia in
the PTcurve (PWc < 1 mm or PDI <.3), which are at particular
risk of shoulder imbalance at 2 years FU. Lenke classification
still provides an invaluable guide in choosing fusion levels,
but in this specific subset of patients, during corrective ma-
neuver, extreme care should be taken to achieve a balanced
correction between PTandMTcurve, as long as to achieving a
good reduction of T1 tilt. In the event that these two goals
cannot be achieved with a UIV at T3 or lower, fusion to T2
should be considered. Postoperative shoulder imbalance is a
highly-complex and likely multifactorial phenomenon, but
pedicle dysplasia could be another aspect to be considered in a
multifactorial model in order to reduce as much as possible the
risk of shoulder imbalance. Future, prospective, research is
needed in order to confirm our results and to prove their
clinical significance.

Conclusion

Proximal thoracic curves, both structural and nonstructural,
show significant pedicle dysplasia on the concave side, which
resulted to be more severe than what is observed in the main
thoracic curves. Secondly, a significant correlation was found
between the pedicle width on the PTcurves’ concavity and the
shoulder balance at 2 years follow-up, for nonstructural PT
patterns. In particular, patients with a PWc <1 mm and
PDI <.30 are at particular risk of postoperative shoulder
imbalance. Our results must be interpreted in light of the study
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limitations and future studies with a more refined design
should further confirm the results of this preliminary study.
Furthermore, we hope that this may be the prelude to a new
classification system for AIS, which ideally should be three-
dimensional and should consider the pathological anatomy of
the curves.

Declaration of Conflicting Interests

The author(s) declared the following potential conflicts of interest
with respect to the research, authorship, and/or publication of this
article: All ICMJE Conflict of Interest Forms for authors and Clinical
Orthopaedics and Related Research® editors and board members are
on file with the publication and can be viewed on request.

Funding

The author(s) received no financial support for the research, au-
thorship, and/or publication of this article.

Ethical Statement

Ethical Approval

Ethical approval for this study was obtained from local IRB (Area
Vasta Emilia Centro, Emilia-Romagna, Italy, n. 129/2022/Oss/IOR).

ORCID iDs

Giovanni Viroli  https://orcid.org/0000-0003-4348-0983
Francesca Barile  https://orcid.org/0000-0001-7771-8676
Marco Manzetti  https://orcid.org/0000-0003-3992-9637

References

1. Parent S, Labelle H, SkalliW, Latimer B, deGuise J.Morphometric
analysis of anatomic scoliotic specimens. Spine 2002;27(21):
2305-2311. doi:10.1097/00007632-200211010-00002

2. Lenke LG, Betz RR, Harms J, et al. Adolescent idiopathic
scoliosis. A new classification to determine extent of spinal
arthrodesis. Bone Jt Surg - Ser A 2001;83(8):1169-1181. doi:10.
2106/00004623-200108000-00006

3. King HA, Moe JH, Bradford DS, Winter RB. The selection of
fusion levels in thoracic idiopathic scoliosis. Bone Joint Surg Am
1983;65(9):1302-1313.

4. Liljenqvist UR, Allkemper T, Hackenberg L, Link TM,
Steinbeck J, Halm HFH. Analysis of vertebral morphology in
idiopathic scoliosis with use of magnetic resonance imaging and
multiplanar reconstruction. Bone Jt Surg 2002;84(3):359-368.
doi:10.2106/00004623-200203000-00005

5. Gao B, Gao W, Chen C, et al. What is the difference in mor-
phologic features of the thoracic pedicle between patients with
adolescent idiopathic scoliosis and healthy subjects? A CT-
based case-control study. Clin Orthop Relat Res 2017;
475(11):2765-2774. doi:10.1007/s11999-017-5448-9

6. Sato T, Nojiri H, Okuda T, et al. Three-dimensional morpho-
logical analysis of the thoracic pedicle and related radiographic
factors in adolescent idiopathic scoliosis. BMC Musculoskelet
Disord. 2022;23(1):1-11. doi:10.1186/s12891-022-05799-4.

7. Louer CJ, Yaszay B, Cross M, et al. Ten-year outcomes of
selective fusions for adolescent idiopathic scoliosis. Bone Joint
Surg Am 2019;101(9):761-770. doi:10.2106/JBJS.18.01013

8. Lenke LG, Betz RR, Bridwell KH, Harms J, Clements DH,
Lowe TG. Spontaneous lumbar curve coronal correction after
selective anterior or posterior thoracic fusion in adolescent id-
iopathic scoliosis. Spine 1976;24(16):1663-1671. doi:10.1097/
00007632-199908150-00007

9. Lene LG, Edwards CC, Bridwell KH. The Lenke classification of
adolescent idiopathic scoliosis: how it organizes curve patterns as a
template to perform selective fusions of the spine. Spine 2003;28(20
SUPPL):2-4. doi:10.1097/01.brs.0000092216.16155.33

10. Çatan H, Buluç L, Anik Y, Ayyildiz E, Şarlak AY. Pedicle
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