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Rezumat

Implicatii chirurgicale ale scoliozei idiopatice Lenke tip 3 la copii si
adolescenti: corelatii functionale si relevantd pentru planificarea interventiei

Introducere: Scolioza idiopatica Lenke tip 3, caracterizata prin doua curburi
structurale opuse, reprezintd una dintre cele mai complexe forme de
deformare spinald pediatrica, cu evolutie rapida in perioada de crestere cu
evolutie rapida in perioada de crestere si care impune frecvent evaluarea
precoce a indicatiei chirurgicale. Prezentul studiu igi propune sa compare
parametrii clinici, radiografici si ai calitatii vietii la copiii si adolescentii
cu scolioza Lenke tip 3 si s identifice factorii dependenti de varstd care pot
influenta momentul optim al interventiei chirurgicale.

Metode: Studiul a inclus pacienti pediatrici diagnosticati cu scolioza idiopatica
Lenke tip 3, caracterizata prin doua curburi structurale opuse, impartiti in doua
loturi: copii (<12 ani) si adolescenti (1216 ani). Au fost inregistrate date
demografice, clinice si radiografice, incluzand valorile unghiului Cobb pentru
curbura toracica si lombara, rotatia axiala si punctele de inflexiune. Calitatea
vietii a fost evaluata utilizand chestionarul SRS-22r.

Rezultate: La adolescenti s-au inregistrat unghiuri Cobb toracice semnificativ
mai mari (p < 0,01) si scoruri mai scizute ale calitatii vietii, in special in
domeniile Durere (p = 0,008) si Aspect (p = 0,001). S-a identificat o corelatie
inversa moderata intre severitatea curburii toracice si scorurile Functie
(r =-0,45, p = 0,011) si Aspect (r = —0,52, p = 0,004). Curbura lombara nu a
fost asociatd semnificativ cu calitatea vietii. Copiili au prezentat scoruri
superioare in toate domeniile, diferentele in domeniul sdnatatii mintale
neatingand semnificatie statistica.

Concluzii: Adolescentii cu scoliozd Lenke tip 3 prezinta deformari mai avansate
si o afectare crescutd a calitatii vietii comparativ cu copiii. Declinul psihosocial
legat de varsta si progresia curburii toracice pot reprezenta indicatori precoce
relevanti pentru planificarea chirurgicala si momentul interventiei.
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Abstract

Background: Lenke type 3 double major curves represent a complex deformity that may progress rapidly
during pediatric development and often raise early surgical considerations. This study aimed to compare
clinical, radiographic, and quality-of-life (QoL) characteristics between children and adolescents with Lenke type
3 scoliosis and to explore age-related factors that may influence future surgical decision-making.

Methods: A cross-sectional analysis was conducted on pediatric patients diagnosed with Lenke type 3 double
major curves, divided into two groups: children (<12 years) and adolescents (12-16 years). Demographic,
clinical, and radiographic parameters were recorded, including thoracic and lumbar major coronal curves, axial
rotation, and inflection points. QoL was assessed using the SRS-22r questionnaire.

Results: Adolescents presented with significantly greater thoracic major coronal curve (p<0.01) and reported
lower quality of life scores, particularly in the Pain (p=0.008) and Appearance (p=0.001) domains of the
SRS-22r questionnaire. A moderate inverse correlation was observed between thoracic major coronal curve and
both Function (r=—0.45, p=0.011) and Appearance (r=—0.52, p=0.004) scores. Lumbar major coronal curve did not
show significant associations with quality of life domains. Children reported overall higher quality of life scores
across all domains, although Mental Health differences were not statistically significant between groups.
Conclusions: Adolescents with Lenke type 3 scoliosis demonstrate more advanced deformity and greater QoL
impairment than younger children, even before reaching classical surgical thresholds. Age-related psychosocial
decline and thoracic curve progression may represent early indicators relevant for surgical planning and timing of

intervention.

Keywords: Lenke type 3, double major curve, SRS-22r, quality of life, surgical planning

Introduction

The surgical management of idiopathic scoliosis —
particularly Lenke type 3 double major curves —
remains a major challenge due to the complex
three-dimensional deformity and its impact on
thoracic balance, pulmonary function, and post-
operative quality of life (1,2). Understanding the
evolution of these deformities during childhood and
adolescence is critical for optimal timing of surgical
intervention and patient selection (3). Idiopathic
scoliosis 1s a complex three-dimensional spinal
deformity characterized by a lateral curvature
of >10° on the Cobb method, accompanied by
vertebral rotation (4,5). It affects approximately
1-3% of adolescents worldwide, with prevalence
increasing to 4-5% in females, peaking during the
pubertal growth spurt [10-15 years] (6).

From a surgical perspective, Lenke type 3
double major curves are considered among the
most demanding deformities requiring posterior
spinal fusion because both structural curves
must be simultaneously corrected and balanced (7).
Surgical planning relies on radiographic para-
meters such as major curve magnitude, apical

rotation, and inflection points, which guide
decisions on timing, fusion level selection, and
correction strategy (8). Understanding how these
parameters evolve from childhood to adolescence is
clinically relevant for determining when surgical
intervention may become necessary.

Lenke double major curves, defined radio-
graphically as having two structural curves in
opposite directions (thoracic + lumbar), represents
a clinically significant subtype associated with
higher biomechanical imbalance, rapid progression,
and increased esthetic and functional impact
compared to single-curve presentations (9).
According to the Lenke classification, these cases
correspond to type 3 double major curves, charac-
terized by structural deformities in both the
thoracic and lumbar regions. This subtype 1is
recognized as having greater biomechanical and
psychosocial impact compared with single-curve
deformities (10,11). Quality of life (QoL) in idio-
pathic scoliosis has been extensively studied using
tools such as the Scoliosis Research Society-22
revised (SRS-22r) questionnaire, assessing
Function, Pain, Appearance, and Mental Health
domains (12-14). The SRS-22r questionnaire is
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one of the most widely employed patient-reported
outcome measures for adolescent idiopathic
scoliosis, assessing quality of life across domains of
Function, Pain, Appearance, and Mental Health
(15,16).

Given these gaps, this study aimed to compare
clinical, radiographic, and QoL characteristics
between children and adolescents diagnosed with
Lenke type 3 double major curves. Our working
hypothesis was that adolescents would exhibit
more severe deformity and a greater decline in QoL
— even prior to meeting classical surgical criteria —
suggesting that developmental stage may be a
relevant factor in anticipating surgical need.

Material and Methods

Study Design

Between January 2021 and 2024, a prospective
observational study was conducted on pediatric
patients admitted to the Pediatric Surgery and
Orthopedics Department in South-Eastern Romania
with a diagnosis of Lenke type 3 double major
curves.

Rationale for Selecting Lenke Type 3 Curves

Lenke type 3 double major curves were inten-
tionally selected because they represent one of
the most biomechanically complex and surgically
demanding scoliosis patterns, requiring the
correction of two structural curves. Unlike single-
curve patterns, Lenke type 3 deformities show
reduced compensatory capacity, more rapid
progression during adolescence, and greater
impact on trunk symmetry and cosmetic
appearance. These particularities make this sub-
type clinically relevant for exploring age-related
differences that may influence future surgical
planning. Including heterogeneous Lenke
patterns would have introduced substantial
variability, reducing comparability across age
groups.

Study Population and Group Allocation

The inclusion criteria were as follows: (1) newly
diagnosed cases of Lenke type 3 double major
curves; (2) no prior history of scoliosis-specific
treatment; (3) patients who completed the Scoliosis
Research Society-22 revised (SRS-22r) question-
naire; and (4) patients under the age of 18. The
exclusion criteria included: (1) previous treatment

for scoliosis (surgical, orthotic, or physiotherapy
interventions); (2) history of debilitating or onco-
logic comorbidities; (3) infantile idiopathic scoliosis;
and (4) refusal to participate or incomplete
questionnaire data. Inclusion required the
availability of standardized standing postero-
anterior spinal radiographs to ensure accurate
measurement of major coronal curves.

To facilitate comparative analysis, patients
were stratified into two age-based groups:
children, defined as individuals younger than 12
years (n = 14), and adolescents, defined as
those aged 12 to 16 years (n = 29). A Flow chart
is available (Fig. 1). Idiopathic scoliosis is
conventionally divided into three subtypes:
infantile (onset <4 years), juvenile (4-10 years),
and adolescent (>10 years until skeletal maturity),
with distinct clinical and radiographic characteris-
tics reported in the literature. In the present study,
however, patients were stratified pragmatically into
<12 years (children) and 12-16 years (adolescents)
to explore potential differences in quality of life
according to developmental stage rather than
onset definition.

Pediatric patients with
S-shaped scoliosis

]

Cross-sectification
abservational study

|

Age stratification

Children Adolescents
(<12 years) (12-16 years)
(n=14) (n=29)
e iy

!

Clinical and radiological data
SRS-22r questionnaire
Statistical analysis

S i

Figure 1. Flowchart of Patient Selection and Study Design in Children

and Adolescents with Lenke type 3 double major curves
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Quality-of-Life Evaluation

Although none of the patients in this cohort
underwent surgical correction during the study
periAlthough none of the patients in this cohort
underwent surgical correction during the study
period, the radiographic characterization (Lenke
type 3 pattern, major coronal curve, and axial
rotation) reflects parameters typically used in pre-
operative surgical planning. Thus, this analysis
provides insight into the stage at which surgical
indication might arise relative to psychosocial and
functional deterioration. This classification allowed
for the assessment of age-specific differences in
clinical and radiological parameters, as well as in
quality-of-life outcomes measured through the
SRS-22r questionnaire. SRS-22r refers to the
revised version of the SRS-22 questionnaire,
validated in English and subsequently adapted in
multiple languages. The Romanian version of the
SRS-22r questionnaire was administered on
diagnosis, prior to any therapeutic intervention.
Patients completed the questionnaire individually,
with a member of the research team available to
clarify wording but without influencing responses.

Data Collection

Clinical and demographic data were collected for
each patient, including sex, age, weight, height,
and body mass index (BMI). The spinal deformity
was described based on the type and direction of
curvature (thoracic dextroconvex + lumbar
levoconvex or thoracic levoconvex + lumbar dextro-
convex), axial rotation, thoracic and lumbar
inflection points, and major coronal curve for both
thoracic and lumbar curves. BMI categories
were classified according to WHO pediatric growth
standards (underweight, normal weight, over-
weight, obesity).

Radiographically, all included cases corre-
sponded to Lenke type 3 double major curves,
defined by the presence of both structural
thoracic and structural lumbar components.
According to the general definition of the World
Health Organization, scoliosis is diagnosed when
there is a lateral spinal curvature of 10 degrees
or more, measured by the Cobb method (15). In
this study, Lenke type 3 double major curves was
defined radiographically as the presence of two
structural curves in opposite directions — typically
one thoracic (dextroconvex or levoconvex) and one
lumbar (in the opposite direction) — resulting
in a characteristic double-curve pattern on the

coronal plane. This classification aligns with
international standards for complex scoliotic
deformities, which are often associated with
more significant postural and functional impair-
ment than single-curve presentations.

The SRS-22r questionnaire was used to
evaluate patient-reported outcomes in four
domains: Function, Pain, Appearance, and Mental
Health. For each domain, a mean score ranging
from 1 (worst) to 5 (best) was calculated (16).

Study Endpoints

The primary endpoint of the study was to compare
clinical and radiographic characteristics between
children and adolescents with Lenke type 3
double major curves, with the aim of identifying
developmental differences relevant for future
surgical planning.

The secondary endpoints were:

+ to evaluate differences in SRS-22r quality-
of*life scores between children and adoles-
cents, with emphasis on domains that may
influence the timing of surgical referral;

* to assess the correlation between major coro-
nal curve magnitude and QoL domains, as a
potential early indicator of surgical need;

* to examine the radiographic behavior of
thoracic versus lumbar curves in relation to
future surgical planning in Lenke type 3
deformities.

Ethical Considerations

In compliance with the Declaration of Helsinki on
human testing, the study was approved by the
Ethics Committee of the Constanta County
Clinical Emergency Hospital for the Approval of
Clinical and Research Developmental Studies
(approval no. 21/01.12.2020). For all participants
informed consent to participate was obtained from
their parents or legal guardians at the time of
hospital admission.

Statistical Analysis

Statistical analysis was performed using SPSS
(V28) and GraphPad Prism 10. Continuous
variables were reported as mean =+ standard
deviation and categorical variables were
expressed as frequencies with percentages. Group
comparisons were performed using the Mann-
Whitney U test or Kruskal-Wallis test. Correlations
between major coronal curve and quality of life
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Table 1. Comparative Overview Variables Children (n=14)  Adolescents (n=29)  p-value
of Clinical-Demographic Age (years)* 11.71=0.21 15.10+0.93 -
and Vertebral Characteristics  gnvironment 0445
in Children and Adolescents Urban 12 (857) 22 (759)
with Lenke type 3 double Rural 2 (14.3) 7 (24.1)
major curves Gender 0.697

Male 4 (28.6) 10 (34.1)
Female 10 (71.4) 19 (65.5)
Body Mass Index (kg/m?)* 0.039
Normal weight 6 (42.9) 3(10.3)
Overweight 1(7.1) 11 (37.9)
Obesity 7 (50) 15 (51.7)
Physical activity 10 (71.4) 18 (62.1) 0.044
Types of curvatures
Thoracic dextroconvex, lumbar levoconvex 11 (78.6) 25 (86.2) 0.532
Thoracic levoconvex, lumbar dextroconvex 3 (21.4) 4 (13.8) 0.067
Axial vertebral rotation 11 (78.6) 29 (100) 0.029
Thoracic major coronal curve 0.047
Mild 13 (92.9) 19 (65.5)
Moderate 1(7.1) 5(17.2)
Severe 0 5(17.2)
Lumbar major coronal curve 0.037
Mild 13 (92.9) 19 (65.5)
Moderate 1(7.1) 10 (34.5)
Severe 0 0

Percentages in parentheses unless indicated otherwise; *Values are mean (standard deviation).
Values in italics indicate statistical significance (p <0.005).

scores were assessed using Spearman’s rank
correlation coefficient. A p-value <0.05 was
considered statistically significant.

Results

The analysis of the clinical and demographic
characteristics of patients with Lenke type 3
double major curves, grouped by age category
(children vs. adolescents), is presented in Table 1.
No statistically significant differences were
observed in terms of gender distribution (p=0.697)
or environment of origin (urban vs. rural, p=0.445).
When adjusted for age, BMI categories demon-
strated notable differences between the two
groups. BMI category distribution differed
between groups. In the children group, 50% were

classified as obese, 7.1% as overweight, and 42.9%
as normal weight. Among adolescents, obesity
was present in 10.3% of cases, overweight status
in 37.9%, and normal weight in 51.7%.
Radiographic characteristics also differed
between age groups. Adolescents had significantly
higher thoracic major coronal curves (p=0.047) and
lumbar major coronal curves (p=0.037). Curve
direction patterns were similar across groups.
Table 2 presents the results of the multivariate
analysis assessing the association between age
category and each of the four domains of the
SRS-22r questionnaire. Statistically significant
differences were observed for the Pain and
Appearance domains. Adolescents reported lower
scores compared to children in the pain domain
(p=0.042), indicating increased pain perception.

Variable Function Pain Appearance Mental Health
OR *n- OR *n- OR *n- OR *n-
[95% CI] value [95%CI] value  [95% CI] value  [95%CI]  value
Children 3.036 0.513 3.236 0.042 3.550 0.260 3.907 0.125
o , [ 2.842-3.229)] [2.98-3.490] [3.177-3.923] [3.743-4.071]

Table 2. Multivariable analysis SRS-22r - yqiieccenic™ 5 g5 0011 3169 0005  3.293 0.031 4062 0.056
Scores in Children and [2.824-3.003] [2.992-3.346] [3.034-3.55] [3.948-4.176]
Qgg:ﬁ:c;gtjzr\’vclmvl‘;nke type 3 OR = qdqs ratio_; C.I = conﬁ_dgnce i_nteryal; *MVA = multivariate analysis;

Values in italics indicate statistical significance (p <0.005).
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Thoracic Inflection Point by Age Category
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Figure 2.

Similarly, appearance scores were significantly
lower among adolescents (p=0.031). No significant
differences were found in the function (p=0.513)
and Mental Health (p=0.125) domains.

Fig. 2 presents the distribution of thoracic and
lumbar inflection points. In children, thoracic
inflection points were more proximal and lumbar
inflection points showed limited variation.
Adolescents displayed greater variability in both
thoracic and lumbar inflection points.

Fig. 3 shows the correlations between major
coronal curve magnitudes and SRS-22r domain
scores. In adolescents, Spearman analysis
indicated moderate inverse correlations between
thoracic major coronal curve and both Function
(r = -0.45, p = 0.011) and Appearance scores (r = -
0.52, p = 0.004). No significant correlations were
found between lumbar major coronal curve and any
SRS-22r domain in either age group. Correlation
coefficients in the children group were low and did
not reach statistical significance.

Fig. 4 1illustrates the relationship between
physical activity levels and major coronal curve
severity. In children, physical activity scores
remained relatively uniform across Cobb angle
values. In adolescents, lower physical activity
scores were observed in association with higher
thoracic major coronal curves.

Discussions

The present study shows that adolescents with
Lenke type 3 double major curves report signifi-
cantly lower SRS-22r scores in the Pain, Function,
and particularly Appearance domains compared
with children (<12 years). These findings are

Adolescents

Lumbar Inflection Paint by Age Category

o
w;

e
=]

e
=

Lumbar Inflection Point
o
o

—
o

G
S

Adolescents
Age Category

Children

Inflection point of thoracic and lumbar level by age category

consistent with previous literature reporting that
greater curve magnitude is associated with poorer
HRQoL, especially in relation to pain and self-
image (8,17).

Several reports have shown that adolescents
with major coronal curves exceeding 30°-45°
exhibit significantly reduced SRS-22r scores
(18,19). Our results correspond with these findings,
as adolescents demonstrated lower Appearance
and Pain scores and moderate inverse correlations
with thoracic curve magnitude. These outcomes
align with those of Toren et al. who reported
marked deterioration in self-image and pain
among adolescents with idiopathic scoliosis (20), as
well as with Soliman et al. who noted higher QoL
scores in patients with curves <40° (21).

Although we detected moderate negative corre-
lations between thoracic Cobb angle and Function
scores, the association with Mental Health was
weaker — consistent with existing literature stating
that curve severity has less impact on mental
health unless accompanied by significant functional
or cosmetic concerns (22). In addition, a registry
study of 149 patients reported that self-image was
more strongly associated with pain and physical
function than any radiographic measure, supporting
our finding that subjective perception moderates the
impact of physical deformity (23).

Interestingly, no strong correlation between
lumbar major coronal curve and any domain
emerged in our analysis, reflecting findings from
Uehara et al. who identified that thoracic curva-
ture exerts a more profound influence on HRQoL
than lumbar deformity (24). This could reflect the
thoracic spine’s greater role in body image and
respiratory function, further affecting adolescents’
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Figure 3. Major coronal curve Correlations with SRS-22r domains.

QoL. In light of these results, interventions
targeting the thoracic curve — such as earlier
bracing or targeted physiotherapy (e.g., Schroth
exercises) — may be especially effective in pre-
serving functional capacity and self-image during

adolescence (20). These clinical approaches
align with evidence supporting non-operative
strategies for managing moderate curves (<40°)
and preventing progression (25).

Chirurgia, 121 (1), 2026

www.revistachirurgia.ro 91



N. Leopa et al

Cobh Angle vs. Physical Activity
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Figure 4. Correlation between major coronal curve and physical activity

Implications for Surgical Planning

Lenke type 3 double major curves require
complex surgical correction due to the need to
restore coronal and sagittal balance across two
structural deformities. Although no patients in
this cohort underwent surgery, the radiographic
parameters we analyzed — major coronal curve
severity, apical rotation, and inflection point
distribution — are fundamental components of
preoperative decision-making. Our results show
that adolescents experience a marked decline in
Pain and Appearance scores despite not meeting
conventional surgical thresholds (>45°).

This suggests that psychosocial burden may
precede radiographic severity and could justify
earlier surgical consideration in selected cases.
Furthermore, progression of thoracic deformity in
adolescence directly affects surgical strategy,
including the selection of upper and lower instru-
mented vertebrae and the anticipated need for
extended fusion. The higher biomechanical
imbalance characteristic of Lenke type 3 curves
makes timely referral for surgical evaluation
essential, particularly when QoL deterioration
becomes evident. Integrating patient-reported out-
comes with radiographic criteria may therefore
optimize the timing and scope of operative correc-
tion in this challenging curve subtype.

Strengths and Limitations

One of the key strengths of this study is its
focused analysis on a specific and clinically
relevant subgroup of idiopathic scoliosis — Lenke
type 3 double major curves — which are often

underrepresented in literature despite their higher
biomechanical and psychosocial burden.

Additionally, the study included age-stratified
comparisons between children and adolescents,
offering valuable insights into the progression of
curve severity and the differential impact on
quality of life across developmental stages. The use
of the SRS-22r, a validated, scoliosis-specific
quality of life instrument, provided robust
subjective outcome data. Furthermore, multiple
curve-related radiographic parameters (thoracic
and lumbar major coronal curves, inflection points,
and axial rotation) were statistically correlated
with individual SRS-22r domains, enhancing the
clinical interpretability of findings.

However, this study is not without limitations.
The sample size was modest and may limit
generalizability to larger populations or other
scoliosis subtypes. The cross-sectional design
precludes causal inference and does not allow for
evaluation of long-term outcomes or curve progres-
sion. Additionally, while SRS-22r is widely used, its
limitations — such as ceiling effects and cultural
variability in perception — must be considered.
Potential confounders such as brace compliance,
physical activity levels, and socioeconomic status
were not systematically assessed and may
influence both spinal deformity and perceived
quality of life.

Conclusions

Adolescents with Lenke type 3 double major curves
show more severe thoracic deformity and greater
impairment in pain and appearance than younger
children. These findings indicate that QoL deterio-
ration may occur before classical radiographic
surgical thresholds are reached. Incorporating
QoL assessment into routine evaluation may help
identify patients who require earlier surgical
referral. Early multidisciplinary review may improve
timing of intervention and long-term outcomes.
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