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Abstract
Background  Adolescent idiopathic scoliosis (AIS) is a spinal deformity that affects adolescents and poses a challenging 
public health problem. Compared to the general population, adolescents with AIS have a higher prevalence of hip dysplasia. 
However, the mechanisms underlying the impact of hip dysplasia on the coronal balance of the spine remain poorly under-
stood. We hypothesized that the combination of AIS with hip dysplasia would exacerbate coronal imbalance.
Methods  We retrospectively analyzed the medical records and radiographs of adolescents diagnosed with AIS between 2015 
and 2020. Participants were divided into two groups: those with hip dysplasia and those without. We recorded parameters 
related to the coronal deformity of the spine, sacral and pelvic obliquity, and center edge angle (CEA). We investigated dif-
ferences in these parameters in those with and without hip dysplasia and analyzed their relationships in those with combined 
AIS and hip dysplasia.
Results  A total of 103 adolescents were included, 36 with hip dysplasia and 67 without. Those with hip dysplasia had 
significantly higher sacroiliac discrepancy (SID) compared to those without (t = − 2.438, P = 0.017). In adolescents with 
hip dysplasia, only iliac obliquity angle (IOA) was significantly correlated with SID (r = − 0.803, P < 0.001), with a linear 
relationship between them (r2 = 0.645, P < 0.001).
Conclusions  The incidence of hip dysplasia is higher in the AIS population. In adolescents with combined AIS and hip 
dysplasia, pelvic obliquity is greater, potentially contributing to the increased prevalence of low back pain.
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Introduction

Adolescent idiopathic scoliosis (AIS) is the most common 
form of scoliosis and affects 1–3% of the general popula-
tion between the ages of 10 and skeletal maturity [3, 4]. Hip 
dysplasia, a disabling illness with an incidence of between 
5 and 13% in the general population, causes an unstable 
ball-in-socket hip joint with insufficient coverage of the 
femoral head by the acetabulum [2, 5, 9]. Previous study 
has indicated that AIS adolescents have a higher risk of hip 
dysplasia than the general population [12, 14].

Both hip dysplasia and AIS can cause coronal imbal-
ance. Zhang et al. [18] found that patients with unilateral 
developmental dysplasia of the hip (DDH) have increased 
coronal and sagittal spinopelvic parameters and decreased 
lumbar lordosis. These parameters have no correlation with 
the extent of dysplasia but are associated with low back pain 
in patients with unilateral DDH. Another study by Wen [16] 
revealed that most patients with adolescent idiopathic sco-
liosis (AIS) have trunk imbalance, which is more severe on 
the coronal plane than on the sagittal plane. However, it is 
unclear how coronal plane balance is affected in adolescent 
idiopathic scoliosis patients with concurrent hip dysplasia.

Therefore, the aim of this study was to investigate the 
impact of combined hip dysplasia and AIS on coronal bal-
ance in adolescents and hypothesized that adolescents with 
hip dysplasia would exacerbate the coronal imbalance. To 
our knowledge, there is currently no research investigating 
the effect of combined hip dysplasia and adolescent idi-
opathic scoliosis on coronal balance in adolescents.
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Method

This was a retrospective cohort study from one medi-
cal center. Informed consent was waived for retrospective 
evaluation.

Patient selection

Following IRB approval, the medical information and radio-
graphs of adolescents with adolescent idiopathic scoliosis 
(AIS) between 2015 and 2020 were retrospectively reviewed. 
Exclusion criteria involved adolescents with neurofibroma-
tosis, a history of poliomyelitis and other neuromuscular 
diseases, and insufficiency of radiographic imaging (lack of 
long-length standing film in AP or Indistinctly displayed hip 
joint). In addition, the adolescents with lumbosacral tran-
sitional vertebrae were excluded. Study sample following 
inclusion and exclusion criteria can be observed in Fig. 1.

Radiograph parameters

Demographics including age, gender, and body mass index 
were gathered. The spinal and pelvic coronal parameters 
of the adolescents were evaluated. Two senior surgeons 
recorded the measurements to reduce the errors. The meas-
urement parameters were as follows: (1) coronal Cobb angle, 
including proximal thoracic curve (PT-Cobb), main tho-
racic curve (MT-Cobb) and thoracolumbar or lumbar curve 
(TL/L-Cobb); (2) offset between central sacral vertical line 
(CSVL) and C7 vertebra plumb line (C7PL) (CSVL-C7PL); 
(3) sacral oblique angle (SOA); (4) iliac oblique angle 
(IOA); (5) center edge angle (CEA), which is measured as 
the angle between perpendicular to the transverse pelvic 
axis and centered on the femoral head; (6) lower-limb length 

discrepancy (LLLD), which is measured as the discrepancy 
in vertical distance between the upper edge of the lesser tro-
chanter and teardrop line; (7) sacroiliac discrepancy (SID), 
which is defined as the difference between SOA and IOA. 
CEA less than 25° is diagnosed as hip dysplasia. Schematic 
measurements of these radiograph parameters are shown in 
Fig. 2.

Fig. 1   Study sample following inclusion and exclusion criteria. AIS, 
adolescent idiopathic scoliosis

Fig. 2   The schematic measurements of these radiograph parameters. 
2A. The schematic measurements of coronal spinal parameters. 2B. 
The schematic measurements of coronal sacroiliac and hip parame-
ters. If the angle γ is less than 25°, acetabular dysplasia is diagnosed. 
PT: proximal thoracic curve; MT: main thoracic curve; TL: thora-
columbar curve; L: lumbar curve; C7PL: C7 vertebra plumb line; 
CSVL: central sacral vertical line; α: iliac oblique angle (IOA); β: 
sacral oblique angle (SOA); γ: center edge angle (CEA); a-b: lower-
limb length discrepancy (LLLD); β-α: sacroiliac discrepancy (SID)
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Pain assessment

The Visual Analogue Scale (VAS) was used to assess pain. 
The low back pain was examined after a 500-m walk. A 
score of 0 to 3 is regarded painless or mild, while a score of 
3 or above is considered moderate or severe pain.

Data analysis

Inter-rater agreement was assessed on all pelvis and spine 
variables to ensure consistent measurements. The intraclass 
correlation coefficient (ICC) was used for all continuous 
and ordinal variables, while Cohen’s kappa was utilized 
for all nominal variables. The cutoffs for interpretation of 
the agreement coefficient were determined according to 
standard measures with poor agreement less than 0.40, fair 
agreement 0.40–0.60, good agreement 0.60–0.75, and excel-
lent agreement 0.75–1.00. In the event of an inconsistency 
among observers, the most senior leader’s analysis was given 
priority.

Quantitative values are expressed as the mean ± stand-
ard deviation (SD) and 95% confidence intervals (CIs). 
Differences in age, BMI, and coronal spinopelvic variables 
between groups with and without hip dysplasia were evalu-
ated using the non-paired t-test if the Shapiro–Wilk normal-
distribution assessment test was good. Correlation analysis 
was performed on hip dysplasia group, and linear regression 
was conducted for correlative data. Chi-square test was used 
to compare the pain grading between the two groups.

Result

According to inclusion and exclusion criteria, a total of 103 
adolescents were included in this study. The majority of 
included adolescents were female (83.5%, 86/103). Based 
on the diagnosis criteria of hip dysplasia, 36 adolescents 
were included in the hip dysplasia group, while the remain-
ing 67 adolescents were assigned to the control group. The 
typical cases of the two groups are shown in Figs. 3 and 4.

The clinical characteristics of patients with AIS were 
evaluated. Mean PT-Cobb was measured at 22.41 ± 13.59. 
Mean MT-Cobb recorded a value of 51.22 ± 24.41. Mean 
TL/L-Cobb was measured as 28.47 ± 15.14. And mean 
CSVL-C7PL was found to be 17.20 ± 12.52. The aforemen-
tioned parameters, with the exception of PT-Cobb, did not 
show any statistically significant differences between the 
hip dysplasia group and the control group (P > 0.05). PT-
Cobb, on the other hand, exhibited a statistically signifi-
cant difference between the two groups (P = 0.037). Mean 
SOA was 5.58 ± 3.65 and 3.81 ± 3.25 in hip dysplasia and 
control groups, respectively. Mean SID were measured as 
3.35 ± 3.51 and 1.96 ± 2.24 in hip dysplasia and control 
groups, respectively. SOA and SID showed statistically 
significant differences between the hip dysplasia group 
and control group (PSID = 0.017, PSOA = 0.013). VAS also 
displayed a statistically, but slightly significant difference 
between hip dysplasia group and control group (P = 0.027). 
In addition, there was also statistically significant differ-
ence in BMI between hip dysplasia and control groups 

Fig. 3   The typical case of AIS 
with AD. A 12-year-old girl 
diagnosed with AIS. Mean-
while, AD was determined 
by CEA less than 25°. The 
right CEA was 16.7°, and the 
contralateral CEA was 19.9°. 
γ1: right CE angle; γ2: left CE 
angle; AIS: adolescent idi-
opathic scoliosis; AD: acetabu-
lar dysplasia; CEA: center edge 
angle
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(P = 0.045). The demographic characteristics, measurement 
parameters, and Lenke types of the included adolescents are 
shown in Table 1.

The ICCs for the intra-observer and inter-observer reli-
abilities of the measured parameters are shown in Table 2. 
All of the ICCs were > 0.9, indicating excellent consistency.

The correlation coefficients between SID and the other 
coronal spinopelvic variables in adolescents with hip dyspla-
sia are shown in Table 3. Only IOA showed a significant cor-
relation with SID (β = − 0.803, P < 0.001). It is noteworthy 
that in the pairwise correlation analysis of other parameters, 
we found a correlation between IOA and SOA (r = 0.642, 
P < 0.001).

Fig. 4   The typical case of 
AIS without AD. A 15-year-
old boy diagnosed with AIS. 
Meanwhile, AD was excluded 
by CEA more than 25°. The 
right CEA was 38.6°, and the 
contralateral CEA was 38.9°. 
γ1: right CE angle; γ2: left 
CE angle; AIS: Adolescent 
Idiopathic Scoliosis; AD: 
Acetabular Dysplasia; CEA: 
Center Edge Angle

Table 1   The demographics characteristics of the patients in this study

A p-value less than 0.05 is considered to be statistically significant
BMI body mass index, PT proximal thoracic, MT main thoracic, TL/L 
thoracolumbar or lumbar, CSVL central sacral vertical line, C7PL 
C7 vertebra plumb line, SOA sacral oblique angle, IOA iliac oblique 
angle, LLLD lower-limb length discrepancy, SID sacroiliac discrep-
ancy, VAS visual analogue scale

Hip dysplasia Control t/F P

Age (years) 13.86 ± 1.74 14.28 ± 1.66 1.211 0.229
Sex (M/F, n) 3/33 14/53 1.848 0.163
BMI (kg/m2) 18.89 ± 3.68 17.56 ± 2.84 − 2.034 0.045
PT-Cobb (°) 18.61 ± 13.13 24.45 ± 13.49 2.112 0.037
MT-Cobb (°) 46.86 ± 22.39 53.56 ± 25.28 1.333 0.185
TL/L-Cobb (°) 26.68 ± 12.42 29.44 ± 16.42 0.881 0.381
CSVL-C7PL (mm) 18.9 ± 13.26 16.29 ± 12.11 − 1.010 0.315
SOA (°) 5.58 ± 3.65 3.81 ± 3.25 − 2.519 0.013
IOA (°) 4.25 ± 6.11 2.59 ± 2.76 − 1.904 0.060
LLLD (mm) 1.46 ± 1.56 2.20 ± 2.84 1.450 0.150
SID (°) 3.35 ± 3.51 1.96 ± 2.24 − 2.438 0.017
VAS 2.11 ± 1.64 1.43 ± 1.36 − 2.244 0.027
Lenke (n, %)
1 15 (38.5%) 24 (61.5%) 2.658 0.809
2 7 (38.9%) 11 (61.1%)
3 10 (38.5%) 16 (61.5%)
4 5 (33.3%) 10 (66.7%)
5 1 (12.5%) 7 (87.5%)
6 0 (0%) 1 (100%)

Table 2   Intraclass correlation coefficients (ICCs) of measured 
parameters*

PT proximal thoracic, MT main thoracic, TL/L thoracolumbar or lum-
bar, CSVL central sacral vertical line, C7PL C7 vertebra plumb line, 
SOA sacral oblique angle, IOA iliac oblique angle, LLLD lower-limb 
length discrepancy

Variable ICC (95%CI)

Intraobserver reli-
ability

Interobserver reliability

PT-Cobb (°) 0.995 (0.993–0.997) 0.978 (0.968–0.985)
MT-Cobb (°) 0.998 (0.996–0.998) 0.985 (0.978–0.990)
TL/L-Cobb (°) 0.998 (0.996–0.998) 0.974 (0.962–0.982)
CSVL-C7PL (mm) 0.991 (0.987–0.994) 0.948 (0.924–0.964)
SOA (°) 0.980 (0.970–0.986) 0.943 (0.916–0.961)
IOA (°) 0.940 (0.913–0.959) 0.951 (0.929–0.967)
LLLD (mm) 0.993 (0.989–0.995) 0.968 (0.952–0.978)
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Table 4 shows the regression analysis result between SID 
and IOA in adolescents with hip dysplasia. Regression coef-
ficient was 0.645, while F-statistic and P-values were 61.815 
and 0.000, respectively. Finally, the linear regression model 
was expressed as Y = 3.946–0.617X (t = 6.824, P < 0.001). 
The residuals plot about Y is shown in supplementary mate-
rial 1.

As shown in Table 5, the adolescents with hip dysplasia 
had a statistically higher rate of moderate or severe low back 
pain than those without hip dysplasia (F = 5.671, P = 0.031).

Discussion

In our study, SID is considerably higher in individuals with 
adolescent idiopathic scoliosis who have hip dysplasia than 
in adolescents who do not have hip dysplasia. Specially, in 
AIS adolescents with hip dysplasia, we discovered a nega-
tive linearly correlation between SID and IOA. To the best 
of our knowledge, this is the first report about the effect of 

combined hip dysplasia and adolescent idiopathic scoliosis 
on coronal balance in adolescents.

It is not rare for AIS to be accompanied by hip dyspla-
sia. According to Talmage et al. [14], the prevalence of hip 
dysplasia in EOS population was 11.1%, which was more 
than 3 times that of the general population. In our study, the 
incidence of hip dysplasia in AIS population was as high 
as 35%, which was greater than previously reported. The 
ethnic difference is one of the possible causes. Many stud-
ies found that the incidence of hip dysplasia in live births 
varied widely, with 75/1000 occurring in India, 6.6/1000 in 
Canada, and 1.3/1000 in Mexico [1, 6, 7].

Hip dysplasia may cause pelvic obliquity, thereby wors-
ening the severity of spinal curvature. Sun et al. [13] dis-
covered that adolescents with hip dysplasia have increased 
frequency of spinal anomalies visible on standard hip radi-
ographs. Therefore, we speculate that hip dysplasia will 
aggravate the coronal imbalance of AIS. However, in our 
study, we found that hip dysplasia did not worsen the coro-
nal imbalance of the spine, but significantly increased the 
sacroiliac discrepancy. More notably, in the adolescents with 
hip dysplasia, there was a clear correlation between SID and 
IOA, but not SOA. As a result, it can be proved that IOA 
is the decisive factor in patients with hip dysplasia, where 
IOA has a certain influence on SOA. Conversely, the influ-
ence of SOA on IOA is minimal, leading to the correlation 
between IOA and SOA, but only the difference between the 
two is strongly correlated with IOA, which suggests that hip 
dysplasia exacerbates the pelvic obliquity, but the sacroiliac 
joint corrects it. Similar to our study, Yu et al. [17] found 
that the sacroiliac joint compensates for the coronal imbal-
ance caused by hip dysplasia in a study on the relationship 
between sacral and iliac obliquity in individuals with hip 
dysplasia.

As for the axes of movement passing obliquely across the 
pelvis, sacroiliac joint dysfunction is considered to cause 
low back pain. According to our findings, the adolescents 
with hip dysplasia experienced more low back pain after 
500-m walk. Also, the adolescents with hip dysplasia had 
a higher rate of moderate or severe low back pain, which 
could have a greater impact on the quality of life, compared 
to those without hip dysplasia. Prather et al. [8] reported that 
physical examination findings indicating hip dysfunction are 
frequent in individuals presenting with low back pain. One 
possible explanation is that sacroiliac joint dysfunction was 
more frequent in adolescents with both AIS and hip dys-
plasia than in those with only AIS. Low back pain is not a 
unusual complaint among adolescents with AIS, and in the 
group of kids with scoliosis, the lifetime prevalence of back 
pain was close to 60%, nearly twice as high as in non-scoli-
osis group [11, 15]. Šarčević et al. [10] confirmed that there 
was a strong positive association between sacroiliac joint 
dysfunction and low back pain. In combination with our 

Table 3   Correlation coefficients between SID and other coronal spin-
opelvic variables in patients with AD

A p-value less than 0.05 is considered to be statistically significant
SID sacroiliac discrepancy, PT proximal thoracic, MT main thoracic, 
TL/L thoracolumbar or lumbar, CSVL central sacral vertical line, 
C7PL C7 vertebra plumb line, SOA sacral oblique angle, IOA iliac 
oblique angle, LLLD lower-limb length discrepancy

Variable Correlation coefficient P

PT-Cobb (°) − 0.160 0.352
MT-Cobb (°) − 0.218 0.202
TL/L-Cobb (°) 0.232 0.173
CSVL-C7PL (mm) 0.035 0.838
SOA (°) − 0.059 0.732
IOA (°) − 0.803  < 0.001
LLLD (mm) 0.117 0.497

Table 4   Regression analysis between SID and IOA in patients with 
AD

SID sacroiliac discrepancy, AD acetabular dysplasia, IOA iliac 
oblique angle

R2 F P Linear regression model

IOA (°) 0.645 61.815  < 0.001 Y = 3.946 − 0.617X

Table 5   The incidence of moderate-to-severe pain between the 
patients with and without hip dysplasia

Hip dysplasia Control F P

Painless or mild pain 29 64 5.671 0.031
Moderate or severe pain 7 3
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study, hip dysplasia may cause more prominent sacroiliac 
joint dysfunction due to the increasing SID, which lead to 
more frequent and serious low back pain in AIS adolescents.

There are several limitations in our study. Firstly, we did 
not study the impact of hip dysplasia on sagittal plane bal-
ance or spinal deformity in AIS, which will be addressed in 
our future research. Secondly, we cannot predict whether 
these adolescents with both hip dysplasia and AIS will con-
tinue to have this association between IO and SID as they 
mature or undergo spinal surgery. Thus, the results in our 
study may be appropriate for adolescents without spinal 
surgery. Last but not the least, we did not specifically select 
individuals with unilateral hip dysplasia, because even with 
bilateral hip dysplasia, the effect on lower-limb length and 
pelvic muscle is asymmetrical.

In summary, the incidence of hip dysplasia is high in AIS. 
Pelvic obliquity is greater in adolescents with combined AIS 
and hip dysplasia and was corrected by the sacroiliac joint, 
which may contribute to increased incidence of low back 
pain. Therefore, for adolescents with both hip dysplasia and 
AIS, more attention should be paid to pelvic obliquity to 
reduce the associated low back pain.
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