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Article info: : ABSTRACT
19 May 2023
25 May 2023 ¢ Background: Surgical correction of Lenke type 2 adolescent idiopathic scoliosis (AIS) is
29 Jun 2023 :  challenging, particularly when selecting the upper instrumented vertebra (UIV) in the proximal
01 Aug 2023 : thoracic (PT) curve. Although incorporating PT curve into fusion is standard practice, the effect

of UIV selection on postoperative shoulder imbalance is uncertain.

Objectives: This study aims to evaluate shoulder imbalance in patients with lenke type 2 AIS
undergoing corrective surgery.

Methods: This retrospective cohort study included 12 Lenke type 2 AIS patients who underwent
corrective surgery. Data, including demographic details, radiological features, and shoulder
balance, were collected preoperatively, postoperatively, and during follow-up. Statistical analyses
were performed to evaluate changes in radiographic angles and shoulder balance.

Results: Significant postoperative reductions were observed in Cobb angles, sagittal alignment,

Keywords.. ] ) shoulder balance, and lumbar lordosis. The median shoulder balance deviation decreased from
Ado.les?ent idiopathic the preoperative to the final follow-up. The type of UIV device used showed no significant
scoliosis (A.IS)7 ] ¢ relationship with changes in shoulder balance. However, the UIV inclination demonstrated a
Lenke classification, . median change of 4.5, with no significant relationship with the device used.

Spinal fusion, Upper : ) ) ) )
instrumented vertebra Conclusion: Preoperative lateral shoulder balance considerably influences postoperative

(UIV), Shoulder balance :  Dbalance, surpassing the impact of UIV selection. Our results underscore the importance of

Radiographic analysis considering shoulder balance when selecting ULV for patients with Lenke type 2 AIS.
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Introduction

enke type 2 adolescent idiopathic scoliosis
(AIS) is characterized by structural proxi-
mal thoracic (PT) and main thoracic (MT)
curvature, as well as a non-structural com-
pensatory lumbar curve [1]. Surgical inter-
vention for Lenke type 2 poses challenges
in selecting the upper instrumented verte-
bra (UIV) on the PT curve. Key considerations include
avoiding PT curve progression, postoperative shoulder
asymmetry, and proximal junctional kyphosis [2]. Post-
operative shoulder balance significantly affected AIS pa-
tient satisfaction and self-perception. Thus, selecting an
optimal level for UIV necessitates careful consideration
of postoperative shoulder balance.

Neglecting to incorporate the PT curve into surgical
fusion can lead to severe postoperative shoulder imbal-
ance [3]. Consequently, it is customary to include the
PT curve in surgical instrumentation for Lenke type 2.
Nevertheless, ULV selection presents clinical dilemmas,
particularly in achieving shoulder balance. Some authors
advise against routine instrumentation of the first or sec-
ond thoracic vertebra (T1 or T2) due to greater surgi-
cal complexity, muscle dissection, scar visibility, and
blood loss [4]. Recommendations for fusion to T2 vary
among authors, with some advocating for T2 fusion for
all Lenke type 2 cases, while others suggest T2 fusion
selectively under specific conditions [2, 5, 6].

Despite various UIV selection methods for Lenke type
2, spinal surgeons rely on their experience to make this
decision [7]. However, existing UIV selection systems
fail to accurately predict postoperative shoulder balance
[8]. Our literature review revealed limited discussion
on the correlation between UIV and shoulder balance
in patients with Lenke type 2 AIS. Therefore, this study
aimed to investigate the clinical features of these patients
at our hospital.

Methods

This retrospective cohort study utilized a census sam-
pling approach, including all patients diagnosed with
AIS who underwent corrective surgery at Shafayahaiey-
an Hospital between 2020-2022. The inclusion criteria
involved patients diagnosed with AIS by a spine special-
ist and categorized as type Il Lenke. The exclusion cri-
teria encompassed patients with congenital, neuromus-
cular, or infantile scoliosis, prior spine surgeries, such as
discectomy, and conditions, like theumatoid arthritis and
diabetes, that may impact surgical outcomes.
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Data collection included reviewing patients’ hospital
and follow-up records and gathering demographic de-
tails, including age, sex, and radiological features during
pre-operation, post-operation, and final follow-up after
12-18 months. The radiological features included up-
per thoracic Cobb’s angle (T2-T5), mid thoracic Cobb’s
angle (T5-T12), sagittal balance (distance of C7 plumb
line to the posterior superior corner of S1 endplate),
coronal balance (distance of central sacral vertical line
[CSVL] from C7 plumb line), shoulder height (based
on the superior shadow of acromioclavicular [AC] joint
soft tissue), cervical lordosis (C2—C7), thoracic kyphosis
(T1-T12), and lumbar lordosis (L1-S1). Figure 1 shows
the measurements applied in this study.

The dependent variable in our study was shoulder bal-
ance, defined as the disparity (in millimeters) between
the heights of the left and right shoulders. Additionally,
shoulder balance was categorized into different grades
as follows: Grade 3, severe imbalance (>3 cm); grade 2,
moderate imbalance (2-3 c¢m); grade 1, mild imbalance
(1-2 cm); and grade 0, balanced state (0—1 cm) [9].

Data were analyzed using SPSS software, version 26,
and results were presented as frequencies and percent-
ages for qualitative variables and Mean+SD for quanti-
tative variables. Paired sample t-test and repeated mea-
sures analysis of variance (ANOVA) test were used to
evaluate the changes in radiologic angles throughout the
study. The significance level was set at P<0.05.

Results

In this study, 135 patients underwent AIS correction
surgery, of whom 12(8.9%) had Lenke type two and
were thus eligible for our study. The patients’ mean age
was 15.243.0 years (range: 11-20 years), and 9(75%)
were female. Regarding medical history, only one pa-
tient had a history of ADHD. All patients underwent
PSF corrective surgery, in which the UIV device in-
cluded 10(83.3%) using the hybrid method (hook-screw
instrumentation) and two (16.7%) using the screw-screw
method (Table 1).

The patients’ radiographic features were evaluated and
compared, and the results are presented in Table 2. As
demonstrated, a considerable reduction was observed
in the UT and MT Cobb’s angles, shoulder imbalance,
and lumbar lordosis during the study period, and a sig-
nificant increase in the sagittal balance angle, which was
mainly due to the difference in the preoperative and post-
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Table 1. Demographic and clinical features of Lenke type 2 AIS patients undergoing surgery (n=12)

Variables No. (%)/MeantSD
Male 3(25)
Gender
Female 9(75)
Age (y) 15.243
BMI (kg/m?) 17.9t4.1
Hybrid 10(83.3)
UIV device
Screw-screw 2(16.7)
T2 10(83.3)
uiv
T3 2(16.7)
L1 4(33.3)
L2 3(25)
LIV
L3 4(33.3)
L4 1(8.3)
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Abbreviations: AIS: Adolescent idiopathic scoliosis; UIV: Upper instrumented vertebra; LIV: Lower instrumented vertebra;

BMI: Body mass index.

operative angles. Sagittal and shoulder imbalances also
significantly changed from the post-operative period to
the last follow-up.

We further evaluated patients’ shoulder balance based
on surgical features in our study. All patients had signifi-
cantly impaired shoulder balance before surgery. During
the final follow-up of the cases in our study, eight pa-
tients (66.7%) had significant imbalance, one (8.3%) had
moderate imbalance, two (16.7%) had minimal imbal-
ance, and one (8.3%) had no imbalance. In addition, one
case (case 7) converted from significant imbalance to

Figure 1. Method of measurements applied for the desired angle

minimal imbalance, while another (case 1) converted to
moderate imbalance after surgery, which later converted
to minimal imbalance following surgery. One patient in
our study (case 6) had a significant imbalance after sur-
gery, which converted to no imbalance during the final
follow-up.

The median deviation from normal shoulder balance
pre-operatively was 9 (5.3-13.8), while during the post-
operative follow-up, it was 15.0 (5.3-24), and during
the last follow-up, it was 6 (2-12) degrees. The median
change in shoulder balance after surgery was 20.5 (10.3-

Orthopedic Science

I) Shoulder height, II) Upper and lower instrumented vertebra inclination, IIT) Coronal balance, IV) Sagittal balance, V) Cobbs

angle, VI) Thoracic kyphosis and lumbar lordosis
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Table 2. Angle and measurements of patients with Lenke type 2 adolescent idiopathic sclerosis undergoing correction surgery

Measurement (mm) Change
Angle Mean1SD Mean1SD, P
Pre-op Post-op Last Follow-up Pre—Post Post—follow-up Overall
Cobb upper . .
thoracic 41.4+7 159 16.4£10.3 26.4+5.7,<0.001 -0.60+3.6, 0.61 <0.001
Cobb mid thoracic 63.9+£13.5 12.249.4 15.2+12.0 51.8+10.5, <0.001" -2.54#5.1,0.07 <0.001"
Cobb TL 32.0+?? 23+?? 27+?? - -
Sagittal balance 12.74#10.2 24.1+37.1 29.7428.3 -25.9+42.8, 0.06 41.756.1, 0.03" 0.04"
Coronal balance 14.7+16.6 11+15.4 9.748.1 3.7+#12.1,0.32 2.0+18.8,0.73 0.51
Shoulder height 9.7#4.9 15.8+10.5 7.1+¢5.6 20.1+14.2, <0.001" -10.3+14.3, 0.04" <0.001"
Cervical lordosis 7.1%5.6 11.149.5 13.9£15.9 -2.8+20.1, 0.64 9.5%+16.3, 0.08 0.21
Thoracic kyphosis 39.5+15.9 27.4+10.7 29.6 8.8 12.1+15.0,0.02" -2.6%£7.7,0.28 0.70
Lumbar lordosis 60.5+10.5 48.3+12.3 54.6+17.2 12.3+10.4, 0.002" -6.7£14.5,0.16 0.03"
Inclination UIV 7.3£2.2 6.714.9 - 5.615.4,0.137 -
Inclination LIV 10.9+6.9 3.3+1.8 - 8.716.6, 0.004" -

UIV: Upper instrumented vertebra; LIV: Lower instrumented vertebra.

“Significant relationship.

31.8) degrees, compared to the last follow-up of 8 (3-
18.0) degrees. During follow-up, from post-operative
measurements until the final follow-up, the median
change was 6.0 (0-24.0) degrees. No significant relation-
ship was observed between the type of UIV device and
the amount of shoulder balance change from pre-opera-
tive to post-operative, post -operative until the last fol-
low-up, and pre-operative to the last follow-up (P=0.83,
0.81, and 0.64, respectively). Regarding UIV, T3 had
significantly higher changes than T2 from the pre-opera-
tive to post-operative measurements (P=0.03). However,
this change was insignificant between the post-operative
and final follow-up (P=0.057) and pre-operative until
final follow-up period (P=0.55). The LIV (L2, L3, L4)
had no significant relationship with the mentioned pe-
riod measurement changes. Figure 2 shows the shoulder
balance measurements during the study period.

Regarding the inclination measurements, the median
pre-operative and post-operative UIV inclination were
6.5 (6.0-8.5) and 6.0 (3-8.5), respectively, while the me-
dian change was 4.5 (0.8-9.8) degrees. Regarding LIV
inclination, the median preoperative and post-operative
LIV inclination were 10.0 (5.8-12.8) and 3.5 (2.0-4.0),
respectively, while the median change was 7.5 (3.5-13.3)
degrees. These changes were not significantly associated
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with using UIV in the device (P=0.79). Figures 3 and 4
show the changes in UIV and LIV, respectively, in our
study.

Figure 5 demonstrates the bending and correction of
one of the cases in our study according to the pre-opera-
tive, post-operative, and last follow-up radiographs.

Discussion

Patients and their families often express significant
concerns regarding shoulder imbalance, which can lead
to dissatisfaction [10-13]. Our study included 12 Lenke
type 2 AIS patients who underwent corrective surgery.
The average age was 15.2+3.0 years (range: 11-20 years),
of whom 975%) were females. All patients underwent
corrective PSF surgery, with the majority (83.3%) us-
ing the hybrid method for the UIV device. Significant
reductions were observed in Cobb angle, sagittal align-
ment, shoulder balance, and lumbar lordosis between
the preoperative and postoperative periods. Shoulder
balance significantly changed from postoperative to the
last follow-up, with a median deviation 6°. The type of
ULV device used showed no significant relationship with
the changes in shoulder balance. UIV inclination showed
a median change of 4.5°, while LIV inclination had a
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Figure 2. Shoulder balance measurements during pre-operative, post-operative, and final follow-up period

Notes: Minus values represent left-side deviations, while positive values represent right-side deviations.
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Figure 3. UIV based on pre-operative and post-operative measurements

UIV: Upper instrumented vertebra.

Notes: Minus values represent left-side deviations, while positive values represent right-side deviations.

median change of 7.5°, with no significant relationship
with the UIV device used. These results provide valu-
able insights into surgical outcomes and shoulder bal-
ance changes following AIS correction surgery.

During the final follow-up of the cases in our study,
eight patients (66.7%) had significant imbalance, one
(8.3%) had moderate imbalance, two (16.7%) had mini-
mal imbalance, and one (8.3%) had no imbalance. A
study by Li et al. [14] indicated that achieving fusion of
both the primary and PT curves using posterior spinal
fusion leads to favorable outcomes regarding shoulder
balance. Among their cohort of 25 patients, 21(84%)
achieved normal shoulder balance, while the remaining
four (16%) experienced mild imbalance [14]. Their re-
sults were significantly superior to ours, which could be
due to the technique of surgery, patient features and age,
and amount of imbalance before operation. The Lenke
type 2 classification criteria include the presence of a
double thoracic curve, which corresponds to King type V
[15]. King et al. observed that fusion of the lower curve
alone worsened shoulder balance in young patients. He

hypothesized that in these instances, excessive correc-
tion of the distal curve outweighed the compensatory
capacity of the proximal curve, suggesting that fusion of
both curves is advisable for King type V [16]. Suk et al.
conducted a study to determine the necessity of double
thoracic curve fusion versus single-curve fusion. They
analyzed pre- and postoperative shoulder imbalance in
12 of 40 patients with Lenke type 2 who underwent PSF
surgery for double curves. Their results demonstrated a
60% scoliosis correction rate for the primary thoracic
curve and 75% balanced shoulders post-surgery [17]. In
our study, 75% of our patients had moderate-to-severe
imbalances during the final follow-up while 25% had a
minimal-to-no imbalance. This difference could be at-
tributed to a greater incidence of preoperative moderate
or severe imbalance in the studies by Suk et al. (33%)
[17] and Li et al. (16%) [14] than in ours (100% severe).

Kuklo et al. [18] examined shoulder imbalance in
patients with Lenke type 2 scoliosis undergoing ante-
rior and posterior fusion of the primary thoracic curve.
Among the 85 participants, 10 had Lenke type 2, with

Chehrassan M, et al. Assessment of Shoulder Imbalance in Lenke Type 2 AIS Patients Undergoing Surgery. J. Res Orthop Sci. 2023; 10(3):173-182.




Journal of Research in

Orthopedic Science

25
20
15
10
6 6
| 3 I
0 I

Patient 1 Patient2 Patient3 P

-10

-12

-15

_L“

Pati 8 Patll 9 Pa 10 Patief 11 Patlel 12
-5

August 2023. Volume 10. Number 3

m Change M Pre-operative M Post-Operative

Figure 4. LIV based on pre-operative and post-operative measurements

LIV: Lower instrumented vertebra.

of Re

Orthope;l'tc Science

Orihé);édic Science
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six having moderate and three mild shoulder imbalances
preoperatively. Surgery decreased shoulder imbalance
to moderate in one patient and mild imbalance in three.
Although the type of instrumentation was not specified,
the primary thoracic curve correction achieved (52%)
was similar to older instrumentation methods. Cil et
al. investigated whether proximal curves met the King
rules for double fusion, but not the Lenke rules, indeed

required double-curves fusion [19]. Their data showed
a primary curve correction of approximately 56%, re-
gardless of including the proximal curve during surgery.
Although shoulder height was not measured, clavicle
angle data suggested improvement in shoulder imbal-
ance, particularly when the proximal curve was included
in the fusion. This indicates that patients not meeting the
Lenke criteria for double-curve fusion may not require

ic Science

Figure 5. Radiography of a 12-year-old female, case of AIS Lenke type 2 undergoing corrective surgery

I, II, IIT) Pre-operative standing and bending radiography, IV) Post-operative (after 3 days), V) Last follow-up (after 18 months)

AIS: Adolescent idiopathic scoliosis.
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upper-curve fusion. Lee et al. [20] examined the effects
of double thoracic curve fusion on shoulder balance in
138 patients. Despite achieving only 38% correction of
the primary thoracic curve using older techniques, 63%
achieved shoulder balance postoperatively. Their study
predated the common practice of PSF surgery. These in-
vestigations found that the degree of correction of the
primary thoracic curvature may influence the success of
restoring shoulder balance in patients with Lenke type 2
scoliosis after double fusion. Furthermore, according to
the results of Cil et al., individuals with curvatures that
are not severe enough to meet the Lenke 2 categoriza-
tion criteria appear to perform similarly, regardless of
whether the proximal curve is fused or left unfused [19].

Pedicle screws, renowned for their ability to apply sub-
stantial corrective force to the lower curve, have gained
widespread popularity globally. This robust correction
underscores the importance of determining whether fu-
sion of the upper curve is necessary. According to Lenke
et al., if the preoperative bending Cobb angle exceeds
25" and or T2-5 kyphosis is greater than 20°, surgical fu-
sion of the upper curve should be addressed [21]. Sub-
sequently, Cil et al. [19], in a study utilizing the Lenke
criteria to guide decisions regarding upper curve fusion,
observed similar postoperative outcomes in terms of
T-1 tilt, clavicular angle, and coracoid process height
between patients with and without upper curves fusion.
This result indicated that the Lenke criteria may serve
as an appropriate standard for determining the necessity
of proximal curve fusion. However, the most recent cat-
egorization system established by the Scoliosis Research
Society is not informative regarding this issue, as it is
specifically tailored for adult spinal deformities [22, 23].

Conclusion

This study was conducted to understand better the rela-
tionship between UIV selection and shoulder imbalance
in patients with Lenke type 2 AIS. Our results indicate
that preoperative lateral shoulder balance significantly
influences postoperative lateral shoulder balance than
ULV level selection. However, more extensive popula-
tion-based and randomized controlled trials must pro-
vide more specific evidence for the optimal approach in
Lenke type 2 patients.

Our study limitations include the small sample size
among our patients various techniques, and preoperative
features, which limit the conclusion on the most optimal
management and approach. Larger multicenter and ran-
domized controlled trials are warranted to obtain more

Orthopedic Science

precise evidence and results for the optimal management
of Lenke type Il patients.
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