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Study Design: Single-center retrospective study in pediatric patients.

Purpose: The purpose of the study was to investigate the effects of the presence and severity of leg-length discrepancy (LLD) on sco-
liosis in children.

Overview of Literature: LLD is a common orthopedic problem that can result in standing imbalance, low back pain, and stress frac-
tures. It may cause structural changes in the spine over time, but the exact effect of LLD on scoliosis is unknown.

Methods: The subjects were 23 children with LLD >20 mm (range, 27—65 mm) treated at Nagoya University Hospital between 2007
and 2017. Whole spine posteroanterior standing radiographs and whole lower limb radiographs in a supine position were recorded.
Data were collected for demographics, LLD, Cobb angle, pelvic obliquity, and Nash/Moe index. Scoliosis was defined as a Cobb angle
>10°. Leg length was measured from the top of the femoral head to the middle of the tibial plafond, and LLD was defined as the dif-
ference between the left and right leg lengths.

Results: The patients (nine males and 14 females) had a mean age of 14.0 years (range, 518 years). The average LLD was 44.3+17.2
mm, with LLDs of 20 to 39 mm, 40 to 59 mm, and >60 mm in 13, five, and five subjects, respectively. The average Cobb angle was
13.0°+7.0°, and 15 subjects (65%) had scoliosis. Convexity of the scoliosis was to the short leg side in all cases. The Cobb angle was
significantly related to the severity of the LLD (£=0.736, p<0.01), pelvic obliquity (A=0.966, p<0.01), and Nash/Moe index (p<0.05).
Conclusions: LLD is a common pediatric condition that can cause scoliosis of the spine. Severe scoliosis may develop if the LLD is

>30 mm. Long-term studies are needed to examine the effect of LLD resolution on the elimination of scoliosis.
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Introduction

Leg-length discrepancy (LLD) is a common orthopedic
problem that can lead to standing imbalance, running
injuries, low back pain, stress fractures, and osteoarthri-
tis of the hip [1]. LLD is usually small (about 1 cm) and

occurs in 3% to 15% of the population. It is caused by
overgrowth, growth disorder, and dysplasia of the lower
limbs, which all lead to a difference in the lengths of the
limbs. LLD is divided into congenital and acquired cases.
Congenital cases include those in which LLD is clear at
birth or becomes apparent with growth. In acquired cases,
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trauma, infection, and tumors may obstruct the epiphy-
seal growth line and cause LLD [2-7].

The major skeletal reactions or adaptations to LLD are
pelvic obliquity and scoliosis [8]. Scoliosis due to LLD is
referred to as functional scoliosis, and it totally or par-
tially regresses when the LLD is removed [9]. The pattern
of scoliosis associated with LLD is described as compen-
satory, nonstructural, and non-progressive [10,11], but
it has been suggested that LLD could produce structural
changes in the spine with time [10]. LLD can also occur
secondary to scoliosis, particularly in the case of com-
pensatory scoliosis. In these cases, the LLD appears as the
result of an asymmetrical load on the lower extremities
[12,13]. However, the details of the variations of LLD and
its relationship with pelvic obliquity are unknown. There-
fore, the purpose of this study was to investigate scoliosis
associated with LLD in children without other diseases re-
lated to the spine and to examine the correlations between
scoliosis and the cause and severity of LLD and pelvic
obliquity.

Materials and Methods

The subjects were 23 children with LLD >20 mm (range,
27-65 mm) treated at Nagoya University Hospital be-
tween 2007 and 2017. Patients with previous spinal sur-
gery for scoliosis or with an LLD <20 mm were excluded.
The underlying diseases in the patients were hemihyper-
trophy (n=>5), congenital shortening (n=4), posttraumatic
fracture (n=3), Perthes disease (n=3), congenital hip dis-
location (n=3), lower limb bone tumor (n=2), hemihypo-
plasia (n=2), and congenital constriction band (n=1). The
patients included nine males and 14 females with a mean
age of 14.0 years (range, 5-18 years) at the time of exami-
nation. The study was approved by the Ethics Committee
of Nagoya University Hospital (IRB approval no., 354-3).
Informed consent was obtained from all individual par-
ticipants included in the study.

Whole spine posteroanterior (PA) standing radiographs
and whole lower limb radiographs in a supine position
were recorded for all patients. Radiographs were obtained
without a brace. The following data were collected: demo-
graphics (age, height, weight, sex), LLD, and radiographic
parameters (major curve Cobb angle, pelvic obliquity,
Nash/Moe index). Scoliosis was defined as a coronal
Cobb angle >10° [14]. Radiographic measurements were
performed twice, and the average was used in the pri-
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mary analysis. Radiographs were taken with the hips and
knees extended and the pelvis not rotated. Leg length was
measured from the top of the femoral head to the middle
of the tibial plafond. The difference between the left and
right leg length was defined as the LLD. The Cobb angle
was measured as the angle between the upper and lower
vertebrae angle [15]. Pelvic obliquity was defined as the
angle between the horizontal and pelvic coronal reference
lines [16]. Axial rotation of the apical vertebrae was as-
sessed on PA radiographs to define the Nash/Moe index
[17].

Differences between two groups divided by the Nash/
Moe index in relation to the axial rotation of the apical
vertebrae were analyzed by Student t-test. A post hoc
Bonferroni test was used to assess the significance of dif-
ferences of one group from all other groups. A Pearson
correlation coefficient was calculated for the correlation
between the Cobb angle and LLD and between the Cobb
angle and pelvic obliquity. Receiver operating character-
istic (ROC) curves were drawn to determine the cutoff
LLD, and the sensitivity and specificity at the optimal
cutoff were calculated. All analyses were conducted using
IBM SPSS ver. 22.0 for Windows (IBM Corp., Armonk,
NY, USA). All p<0.05 were considered to be significant in
all analyses.

Results

Demographic data for the 23 subjects are shown in Table
1. The average LLD was 44.3+17.2 mm, and LLDs of 20
to 39 mm, 40 to 59 mm, and 260 mm were present in 13,
five, and five subjects, respectively (Table 1). The Cobb
angle, pelvic obliquity, and Nash/Moe index of the apex
vertebra are shown in Table 2. The average Cobb angle
was 13.0°£7.0°, and 15 subjects (65%) had scoliosis (Cobb
angle 210°), including four with a Cobb angle >20°. A
lumbar scoliosis curve was present in 20 cases (87%).
Convexity of the scoliosis was to the short leg side in all
cases. The Nash/Moe index was grade 0 in 16 subjects and
grade 1 in seven subjects.

The Cobb angle was significantly related to the severity
of the LLD (R=0.736, p<0.01) (Fig. 1), and more severe
scoliosis occurred at an LLD >30 mm. There were also
significant associations of the Cobb angle with pelvic
obliquity (R=0.966, p<0.01) (Fig. 2) and the Nash/Moe
index (Fig. 3). Details of the Cobb angle, pelvic obliquity,
and Nash/Moe index classified by LLD are shown in Table
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Table 1. Demographic and clinical data for patients with LLD (n=23)

Characteristic Value

Female 14 (61)
Age (yr) 14.0£2.9
Height (cm) 147.5+17.8
Weight (kg) 43.0+13.3
Body mass index (kg/m?) 19.12.8
LLD (mm)
20-39 13 (56)
40-59 5(22)
>60 5(22)
Average 44.3+17.2
Etiology
Hemihypertrophy 5(22)
Congenital shortening 4(17)
Post traumatic fracture 3(13)
Perthes disease 3(13)
Congenital hip dislocation 3(13)
Lower limb bone tumor 2(9)
Hemihypoplasia 2(9)
Congenital fibular hemimelia 1(4)

Table 2. Cobb angle, pelvic obliquity, and Nash/Moe index in patients with
leg-length discrepancy (n=23)

Variable Value

Major curve Cobb angle (°)

<10 8(35)
10-19 11(48)
20-29 3(13)
230 1(4)

Average 13.0+7.0

Pelvic obliquity (°)

<10 16 (35)

10-19 6(48)

>20 1(13)

Average 9.046.3
Nash/Moe index of the apex vertebra

0 16 (70)

1 7(30)

>2 0
Apex of the scoliosis

Thoracic 3(13)

Lumbar 20(87)

Values are presented as number (%) or meanzstandard deviation.
LLD, leg-length discrepancy.
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Fig. 1. The Cobb angle had a significant positive correlation with the severity of
LLD (R=0.736, p<0.01). LLD, leg-length discrepancy.

3. Significant differences were found in all cases with LLD
>60 mm (Table 3). An ROC curve to identify an LLD
cutoff value (mm) for the prediction of scoliosis (=10°) is
shown in Fig. 4. Two typical cases are described in the fol-
lowing paragraphs:

Case 1: A 13-year-old female with left femoral hypopla-
sia and LLD (51 mm) shown in lower limb radiography

Values are presented as number (%) or mean+standard deviation.
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Fig. 2. The Cobb angle had a significant positive correlation with pelvic oblig-
uity (7=0.966, p<0.01).

in a supine position (Fig. 5A). In a whole spine PA ra-
diograph on standing, pelvic obliquity was 16°, the Cobb
angle was 21° at Th12-L5, and the Nash/Moe index was 1
(Fig. 5B).

Case 2: An 8-year-old female with congenital fibular
hemimelia and LLD (60 mm) shown in lower limb radi-
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Fig. 3. LLD differed significantly between patients with a Nash/Moe index of 0
and >1 (p<0.05). LLD, leg-length discrepancy.
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Fig. 4. Receiver operating characteristic curves were used to determine the
cutoff LLD (mm) to predict scoliosis. LLD, leg-length discrepancy.
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ography in a supine position. She had a history of surgery
to the lower extremity (Fig. 6A). In a whole spine PA ra-
diograph on standing, pelvic obliquity was 29°, the Cobb
angle was 32° at Th12-L5, and the Nash/Moe index was 1
(Fig. 6B).

Discussion

LLD is a common orthopedic condition that arises from
shortening or overgrowth of one or more bones in the
lower limbs [3]. LLD occurs in about 10% of children in
primary schools [9]. LLD <2 cm is common and seldom

causes a problem, but LLD >3 cm causes distinct gait and

Fig. 5. Radiograph of case 1. (A) A 13-year-old female with left femoral hypo-
plasia and leg-length discrepancy (51 mm). (B) Pelvic obliquity was 16°, the
Cobb angle was 21° at Th12-L5, and the Nash/Moe index was 1.

Table 3. Details of the Cobb angle, pelvic oblique, and Nash/Moe index classified by LLD

20-39 mm? (n=13)

Major curve Cobb angle (°) 9.5+4.0
Pelvic obliquity (°) 46+1.3
Nash/Moe index of the apex vertebra (n=0/n=1) 1211

LED -value
(iNOVA) Post hoc test
40-59 mm® (n=5)  >60 mm° (n=5)
121452 22.8+5.4 <0.05 a<b<c
10.2+1.6 19.0+6.2 <0.05 a<b<c
3/2 2/3 <0.05 a<b, ¢

Values are presented as meansstandard deviation or number.
LLD, leg-length discrepancy; ANOVA, analysis of variance.
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Fig. 6. Radiograph of case 2. (A) An 8-year-old female with congenital fibular
hemimelia and leg-length discrepancy (60 mm). (B) Pelvic obliquity was 29°,
the Cobb angle was 32° at Th12-L5, and the Nash/Moe index was 1.

posture disorders, and a larger LLD is associated with
more distinct and severe disorders. Therefore, a greater
LLD is not simply a cosmetic concern but also a function-
al concern due to postural imbalance when standing and
an uneven gait.

LLD is caused by congenital or acquired abnormalities,
such as growth arrest of the physis due to trauma or infec-
tion. In congenital LLD, the most common abnormalities
are deficiencies of the femur, tibia, and fibula. Femoral
disorders include proximal focal deficiency, congenital
short femur, and hypoplastic femur. These are often ac-
companied by fibular hypoplasia or aplasia. Congenital
unreduced dislocated hip and clubfoot also result in func-
tional LLD [18]. Paralytic disorders, such as cerebral palsy,
often result in growth inhibition due to reduced muscle
activity and compression forces across the growth plate.
Conditions that cause overgrowth of one side or part of
the body include tumors and vascular malformations,
such as hemangiomatosis and Klippel-Trenaunay-Weber
syndrome. Stimulation is also seen with some nonvascu-
lar tumors, such as Wilms tumor, neurofibromatosis, and
fibrous dysplasia. Conversely, tumors may inhibit growth
through direct invasion of the growth plate or as a result
of radiation used to treat the tumor. In acquired LLD,
inflammation may alter bone growth; infection, juvenile

rheumatoid arthritis, and hemophilia increase blood flow
to the limb as part of the inflammatory process, thereby
stimulating growth. Infection, particularly osteomyeli-
tis, may also inhibit growth by destroying physeal cells.
Trauma, most commonly due to fractures involving the
physis, can lead to growth arrest, overgrowth, or angular
deformity [3].

LLD can cause pelvic obliquity in the frontal plane
[2,3,19-21], which may then lead to posture deformation,
gait asymmetry, and discopathy; gonarthrosis, coxarthro-
sis, and hip flexion contracture on the longer side; and an-
kle joint contracture in the equinal position on the shorter
side [3,9,19].

Vink and Kamphuisen [22] suggested that scoliosis oc-
curred with induced functional LLD, but spinal curves
were not measured, and Caillet [23] stated that pelvic
obliquity caused by an LLD <0.75 inches does not ad-
versely affect scoliosis. In our series of LLD cases, the rate
of scoliosis was 65%, which is consistent with previous
reports of 52% to 80% for the rate of spinal scoliosis as-
sociated with LLD [8,10,24]. The association of LLD and
altered spinal biomechanics is demonstrated by the rela-
tionship between LLD and increased scoliosis. The Nash/
Moe index and vertebral body rotation were also signifi-
cantly associated with LLD. In our study, there were no
cases with a Nash/Moe index >2, indicating the absence
of cases with severe rotation. This may explain why there
were no cases of severe scoliosis. Most scoliosis due to
LLD is caused by a nonstructural property [10,25], and in
our series, there was a strong correlation between pelvic
obliquity and the Cobb angle, which suggests that scolio-
sis reflects pelvic obliquity in standing due to LLD. Our
results support a significant association between LLD and
curvature of the spine [8]. However, it remains unclear
whether improvement of scoliosis is possible using meth-
ods for LLD treatment, such as heel lift therapy. To date,
there are insufficient studies of nonstructural scoliosis,
and the interrelationships among LLD, tilt, pelvic rotation,
and scoliosis require further investigation.

There are some limitations of the study. First, the num-
ber of cases is small, and the age of the subjects was vari-
able. Thus, studies on a larger scale are needed. A sample
size analysis using G*Power software (ver. 3.1.3; Heinrich-
Heine-Universitat Diisseldorf, Diisseldorf, Germany;
http://www.gpower.hhu.de/). Our sample size analysis
gave a statistical power for all groups of 75.2%. A larger
sample size was not essential because of the exploratory
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nature of the study, but we note that a statistical power
over 80% is generally optimal for a significant result. Sec-
ond, we only have fixed point measurements rather than
longitudinal data. Giles and Taylor [26] reported case
histories of scoliosis resolution after heel lift therapy for
LLD >5 mm, but we did not evaluate the effect of neutral-
ization or improvement of LLD on the spine or scoliosis.
Third, we evaluated sagittal alignment using only whole
spine PA standing radiographs, and three-dimensional
(3D) imaging evaluation of leg length was not performed
[27], although a biplanar low-dose X-ray device has been
developed [11] for accurate 3D measurement of leg length
[28]. However, the method of leg length measurement in
our study gives the anatomical leg length and is not influ-
enced greatly by position changes, distortion or magnifi-
cation errors, parallax, pelvic conformation, or other geo-
metric distortions, unlike previous evaluations using the
height of the femoral head. We also note that there is no
evidence that scoliosis is caused by congenital or acquired
abnormalities that lead to LLD.

Conclusions

LLD is a common pediatric condition that can cause sco-
liosis of the spine. Severe scoliosis may develop if the LLD
is 230 mm. Long-term studies are needed to examine the
effect of LLD resolution on the elimination of scoliosis.
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