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additional pathogenic abnormality resulting in HOA. This study aims to assess the
correlation between spinopelvic parameters (pelvic incidence (PI), pelvic tilt (PT),
sacral slope (SS) and lumbar lordosis (LL)) obtained in the supine position on MRI and
HOA, lateral center edge (LCE) angle, and patient reported back pain.
Methods:  Asymptomatic participants from the whole-body MRI cohort (FF4) from the
cross-sectional case-control “Cooperative Health Research in the Region of Augsburg”
study (KORA) were included. Whole-body MRI was performed in a standardized
fashion in each case, on which hip osteoarthritis (HOA), anatomical spinopelvic
parameters and lateral center edge angle were measured. Presence of back pain was
assessed using a standardized questionnaire. Correlations were estimated by logistic
regression models providing odds ratio.
Results:  Among 340 subjects (mean age 56.3±9.3 years; 56.5% male), HOA was
present in 89.1% (male: 87.0%, female: 91.7%, p=0.17). The LCE angle was 30.0° ±
5.5 (men: 29.8° ± 5.9; women: 30.1° ± 5.1; p=0.696). Mean PI was 54.0° ± 11.3°, PT
was 13.7° ± 5.9°, SS was 40.3° ± 8.8° (significantly smaller in women p<0.05) and LL
was 36.4° ± 9.6° (significantly greater in women p<0.05). None of the spinopelvic
parameters correlated significantly with hip osteoarthritis or LCE angle. HOA was not
correlated with back pain.
Conclusion:  Spinopelvic parameters as measured in the supine position on MRI, do
not correlate with hip osteoarthritis or lateral center edge angle.
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Highlights 

No correlation between spinopelvic parameters and hip osteoarthritis in supine MRI 

Furthers knowledge about impact of spinopelvic parameters on musculoskeletal 

system 

Helps to clarify the potential etiologies of hip osteoarthritis 

 

Abstract 

Purpose: Hip osteoarthritis (HOA) is known to have a multifactorial pathogenesis. 

Recent studies suggest that spinopelvic alignment may represent an important 

additional pathogenic abnormality resulting in HOA. This study aims to assess the 

correlation between spinopelvic parameters (pelvic incidence (PI), pelvic tilt (PT), 

sacral slope (SS) and lumbar lordosis (LL)) obtained in the supine position on MRI and 

HOA, lateral center edge (LCE) angle, and patient reported back pain. 

Methods: Asymptomatic participants from the whole-body MRI cohort (FF4) from the 

cross-sectional case-control “Cooperative Health Research in the Region of Augsburg” 

study (KORA) were included. Whole-body MRI was performed in a standardized 

fashion in each case, on which hip osteoarthritis (HOA), anatomical spinopelvic 

parameters and lateral center edge angle were measured. Presence of back pain was 

assessed using a standardized questionnaire. Correlations were estimated by logistic 

regression models providing odds ratio. 

Results: Among 340 subjects (mean age 56.3±9.3 years; 56.5% male), HOA was 

present in 89.1% (male: 87.0%, female: 91.7%, p=0.17). The LCE angle was 30.0° ± 

5.5 (men: 29.8° ± 5.9; women: 30.1° ± 5.1; p=0.696). Mean PI was 54.0° ± 11.3°, PT 

was 13.7° ± 5.9°, SS was 40.3° ± 8.8° (significantly smaller in women p<0.05) and LL 

was 36.4° ± 9.6° (significantly greater in women p<0.05). None of the spinopelvic 

parameters correlated significantly with hip osteoarthritis or LCE angle. HOA was not 

correlated with back pain. 

Blinded Manuscript Click here to access/download;Blinded Manuscript (Incl title,
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Conclusion: Spinopelvic parameters as measured in the supine position on MRI, do 

not correlate with hip osteoarthritis or lateral center edge angle. 

Key Words: MRI; Osteoarthritis; Cohort Studies; Spinopelvic Alignment 
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 3 

Introduction 

Hip osteoarthritis (HOA), a degenerative joint disease with an age-dependent 

prevalence of up to 21.8%, negatively impacts quality of life due to restricted activity 

and disability [1, 2]. This HOA results in increased joint stiffness with accompanying 

pain both with use and at rest, resulting in substantial associated morbidity [3, 4]. 

A variety of risk factors are known to cause or hasten degenerative changes in 

joints, such as age and obesity [2, 3]. Recently, there has been mounting evidence that 

the position of the pelvis and the spine may also have a decisive influence on 

degenerative changes of the hip joint [5-7]. 

Changes of the pelvic-sacral posture affect the inclination of the pelvis in the 

sagittal plane. While a small pelvic tilt (PT) causes a forward inclination of the pelvis 

(pelvic anteversion), a pelvic retroversion is the consequence of large pelvic tilt (PT) 

[8]. Boulay and Yang demonstrated that the sacral slope (SS) is characterized by the 

pelvic incidence (PI), with small PI angles leading to a decrease in SS, resulting in a 

flattening of the lordosis of the lumbar spine (LL) [9, 10]. Vice versa, Yoshimoto et al. 

found that patients with total hip arthroplasty frequently show flexion contractures of 

the hip. These contractures in turn lead to anterior pelvic obliquity and a compensatory 

lordosis of the lumbar spine [6].  

Although there is sufficient evidence in the literature documenting the 

coexistence of osteoarthritis of the hip joint and changes in the spinal column [7, 11], 

an underlying causative relationship has not been thoroughly investigated. Since the 

occurrence of hip osteoarthritis depends in part on the orientation and presence of 

dysplasia of the hip and acetabulum [12], which in turn is determined by the inclination 

of the pelvis [6], the junction between the pelvis, the sacrum and the spine may 

therefore have an important role in hip osteoarthritis [13]. Another potential risk factor 

for the development of hip osteoarthritis is the lateral center edge angle (LCE), since 

an over coverage might lead to an impingement of the hip (Pincer impingement) and 

thus promotes degenerative changes to the joint [14]. 

The aim of this study is to assess the correlation between spinopelvic 

parameters (PI, PT, SS, LL) obtained in supine position on MRI and hip osteoarthritis, 

lateral center edge angle, as well as back pain.  
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 4 

Material & Methods 

Study Design 

Study subjects were selected from the second follow up FF4 (n=2279; 2013-

2014) of the population based “Cooperative Health Research in the Region of 

Augsburg” (KORA; Kooperative Gesundheitsforschung in der Region Augsburg) with 

baseline examination (S4) during 1999-2001. In addition to standardized interviews 

and clinical examination at FF4, a subset of 400 participants underwent whole-body 

MRI; detailed study design with inclusion and exclusion criteria have been described 

previously [15-17].  

Written approval was given by the institutional review board (IRB) of the Ludwig 

Maximilian’s University (LMU) Munich, Germany. Patients' written informed consent to 

participate in the study was provided. 

 

Covariates 

Body mass index (kg/m2) was calculated for all study subjects.  

The presence and severity of back pain was assessed during the second follow-

up (FF4) with a standardized twofold questionnaire, which asked 1) if participants were 

suffering from back pain (Yes/No), and 2) if yes, how severe the pain was (none, little, 

moderate, strong, and very strong (single-choice question)). 

 

MR Imaging Protocol 

All participants underwent whole-body MR using a 3T scanner (Magnetom 

Skyra, Siemens Healthcare, Erlangen, Germany). Detailed description of the imaging 

protocol is described elsewhere [18]. Anatomical structures were assessed using a 

transversal dual-echo Dixon and a SS-FSE/HASTE sequence (coronal T2w single-

shot fast spin echo). Imaging parameters were as follows: dual-echo Dixon: matrix: 

256 x 256, field of view (FOV): 488 x 716 mm, echo time (TE): 1.26 ms and 2.49 ms, 

repetition time (TR): 4.06 ms, partition segments: 1.7 mm, flip angle: 9°; T2 HASTE: 

matrix: 320 x 200, field of view (FOV): 296 x 380 mm, TE: 91 ms, TR: 1000 ms, partition 

segments: 5 mm, flip angle: 131°. Prior to the MR examination, all included participants 

were positioned on the exam table using a standardized protocol. Positioning protocol: 

centered on the exam table in supine position, parallel and slightly bent legs, arms 

parallel to the body. If misalignment of the pelvic region was present after initial 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



 5 

positioning, 3D multi-planar reconstruction was used to align the axis via a 

perpendicular line through both centers of the femoral head [16]. 

 

Spinopelvic Parameters 

As defined by During and Duval-Beaupere, the spinopelvic balance consists of 

a morphologically present parameter (pelvic incidence), and three functionally 

adaptable parameters (sacral slope, pelvic tilt, and lumbar lordosis) [16, 19, 20].  

Pelvic Incidence 

Pelvic incidence (PI) is measured in the sagittal plane and is defined as the 

angle between a plumb vertical line and a second line running from the midpoint of the 

upper plate of the S1 vertebra to the center of the femoral head axis (Figure 1(a)) [16, 

21, 22]. In addition, the pelvic incidence is the sum of sacral slope and pelvic tilt (PI = 

SS + PT); which are based on geometric associations described in detail below [21]. 

Standard values of PI in the upright position are 53.1 ± 9.0°, which does not differ by 

gender [9]. 

Pelvic Tilt 

 Pelvic tilt (PT) is measured in the sagittal plane and is defined as the as the 

angle between a vertical line and a line connecting the midpoint of the femoral head 

to the midpoint of the sacral plateau (Figure 1(b)). The standard values of PT in the 

upright position are 13 ± 6° [16, 23]. 

Sacral Slope 

Sacral slop (SS) is defined in the sagittal plane as the angle between a 

horizontal line and a second line running parallel to the sacral plateau (Figure 1(c)) 

[23]. SS is considered the foundation of the spinal column [9, 16, 21, 24]. Standard 

values of SS in the upright position are 41 ± 8° [25]. 

Lumbar Lordosis 

Lumbar lordosis is defined in the sagittal plane as the angle between a line 

parallel to the superior endplate of the L1 vertebral body and a second line parallel to 

the inferior endplate of the L5 vertebral body [10, 16, 24]. Standard values of LL in the 

upright position are 44 ± 11° [25]. 
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 6 

Lateral Center Edge Angle (LCE) 

 Lateral edge angle is a measure of bony femoral head coverage and is defined 

as the angle between a vertical line drawn from the center of the femoral head and a 

second line connecting the center of the femoral head and the lateral acetabulum rim 

(Figure 2) [26, 27]. 

Hip Osteoarthritis (HOA) 

An osteoarthritis (OA) MRI score based on the Kellgren-Lawrence classification 

(Table 1) which incorporates subchondral sclerosis, osteophytes and width of the joint 

space was used to quantify hip osteoarthritis (Figure 3). The sum of each category 

was used to classify osteoarthritic severity into one of 5 grades: Grade 0 = 0 points 

(Figure 3a); Grade 1 = 1-2 point(s) (Figure 3b); Grade 2 = 3-4 points (Figure 3c); 

Grade 3 = 5-7 points (Figure 3d) and Grade 4 = 8 points. Grades 1 to 4 were defined 

as pathological [17].  

 

Image Analysis 

 Image analysis of all datasets was performed in a blinded and randomized 

fashion by two independent readers with 6 years (radiologist) and 7 years (trauma 

surgeon) of experience in musculoskeletal imaging. Six weeks after the first read-out, 

the primary reader (radiologist) re-evaluated 40 randomly selected datasets to assess 

intra-reader agreement. 

 Using Bland-Altman analysis the inter-reader (-0.3% (PI), 1.1% (SS), -1.4% 

(PT), 0.5% (LL)) and intra-reader (-0.5% (PI), 0.2% (SS), -0.5% (PT), -1.4% (LL)) 

agreement of the spinopelvic parameters revealed mean relative differences of less 

than 5% for all parameters, as well as an intraclass correlation (ICC) of more than 0.95 

(inter: 0.99 (PI), 0.99 (SS), 0.98 (PT), 0.99 (LL); intra: 0.99 (PI), 0.99 (SS), 0.98 (PT), 

0.99 (LL)). 

 The inter-reader agreement for hip osteoarthritis was K=0.94 (right) and K=0.88 

(left). Agreement for HOA MRI score was K=0.86 (right) and K=0.9 (left) for inter-reader 

analysis, and K=0.97 (right) and K=0.96 (left) for intra-reader analysis. 

Inter- and intra-reader agreement analysis of LCE parameters (right, left) 

revealed mean relative differences according to Bland-Altman analyses of <5% for all 

parameters (inter: -2.4%, -0.7%; intra: -1.5%, -1.2%; respectively) and ICC values 

>0.95 (inter: 0.98, 0.97; intra: 0.98, 0.97; respectively). 
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 7 

 

Statistical Analysis 

Descriptive parameters of study participants are given as means and standard 

deviations (SD) for continuous variables and as counts and percentages for categorical 

variables. Statistical analysis of continuous variables and categorical variables was 

conducted using Student’s t-test and chi2-test, respectively. 

Linear regression models providing β-coefficients with 95% confidence intervals 

(CI) were used to evaluate associations between spinopelvic parameters and LCE. 

Logistic regression models providing odds ratios (OR) with 95% CI were used to 

evaluate associations between spinopelvic parameters and HOA MRI. Models were 

applied separately for the left and right body side and for women and men. 

Multivariable adjustment included the potential confounder variables age, sex, BMI, 

hypertension, total cholesterol, HDL-C, triglycerides, diabetes status and physical 

activity; a detailed description of the assessment and cut-off values are described 

elsewhere [15]. Distribution differences of spinopelvic parameters between 

participants with and without HOA were displayed graphically by histograms. 

Associations of LCE and HOA parameters with dichotomized and categorical 

back pain were separately assessed using logistic and ordered logistic regression 

models. All models were adjusted for the same co-variables as mentioned above. 

A p-value of <0.05 was considered statistically significant. All analyses were 

conducted using Stata 16.1 (Stata Corporation, College Station, TX, U.S.A.). 
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Results 

General results 

In total, 340 of the initial 400 participants were included in this study; 60 potential 

participants were excluded due to poor image quality (n=12), incomplete study (n=24), 

uni- or bilateral hip prostheses (n=8), and missing or incomplete laboratory parameters 

(n=16) (Figure 4). 

The mean age of the cohort was 56.3 ± 9.3 years (56.5% male) with a mean 

BMI of 27.8 ± 4.9 kg/m2. Hip osteoarthritis was present in 89.1% of the participants, 

without significant difference between sexes (p=0.17). The lateral center edge angle 

was 30.0° ± 5.5° (men: 29.8° ± 5.9° and women: 30.1° ± 5.1°; p=0.696). 

The mean spinopelvic parameters were 54.0° ± 11.3° for PI, 13.7° ± 5.9° for PT, 

40.3° ± 8.8° for SS and 36.4° ± 9.6° for LL. LL was significantly lower in men (men:  

35.0° ± 9.2° and women: 38.1° ± 9.9°; p<0.05), while SS was significantly lower in 

women (men:  41.2° ± 8.2° and women: 39.2° ± 9.3°; p<0.05). Detailed demographic, 

hip, and spinopelvic parameters are shown in Table 2. 

Multivariate analysis, adjusted for age, gender, BMI, hypertension, diabetes 

mellitus, and physical activity, did not show any correlation between spinopelvic 

parameters and hip osteoarthritis or lateral center edge angle (Table 3).  

There was no observed correlation between spinopelvic parameters and the 

presence or absence of osteoarthritis of the hip (Figure 5). 

There was no correlation between HOA MRI Score, LCE angle and back pain 

(Table 4). 
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Discussion 

This study investigated the correlation of spinopelvic parameters and hip 

osteoarthritis gathered from supine whole-body MRI. The results demonstrated that 

none of the spinopelvic parameters (pelvic incidence, pelvic tilt, sacral slope or lumbar 

lordosis) influenced hip osteoarthritis significantly within the observed cohort. No 

significant correlation was observed between spinopelvic parameters and the LCE 

angle, nor between HOA or LCE angle and back pain. Gender influenced neither HOA 

nor LCE angle.  

It is well-known that severe hip osteoarthritis impairs the hip joint's mobility, 

which primarily compromises hip extension due to a flexion contracture [28, 29]. In 

order to compensation, forced anteversion of the pelvis occurs, which in turn causes 

an increase in lumbar lordosis [6, 30]. This subsequently worsens the shear force on 

the spinal facet joints and may results in back pain [30, 31]. Additionally, an increasing 

PI leads to a posterior tilt of the pelvis, which in turn reduces the coverage of the 

femoral head. Continuous improper loading and increased shear of the femoral head 

on normally non-weight-bearing sections of the acetabulum can result in the 

development of dysplasia, which may be the basis for HOA [5]. 

Despite the theoretical importance of spinopelvic geometry on orthopedic 

pathology, literature investigating the associations between the spinopelvic alignment 

and hip osteoarthritis is rare. Gebhart et al. found in a cadaver study that a higher PI 

at a younger age was associated with secondary HOA at an older age, while there was 

no significant association between a small PI and HOA. It was emphasized that a small 

PI is not necessarily protective [5]. Similar results were shown by Yoshimoto et al. who 

demonstrated that PI was greater in patients with HOA compared to those with lower 

back pain and no HOA, and therefore suggested that larger PI values in young age 

may cause HOA in old age. However, their age and gender matched control group had 

surgery-worthy pathologies of the lower spine along with low back pain [6]. In contrast, 

Raphael et al. did not show any difference in PI between patients with moderate to 

serve HOA compared to those without HOA assessed using CT scans [32]. This is in 

line with the findings of this study, proving that there was no correlation between PI 

and HOA obtained in supine position on MRI. Also, Weng et al. and Sariali et al. found 

that PI in patients with and without HOA was similar [33, 34]. Nevertheless, their results 

diverge in terms of sacral slope showing a significant higher SS and smaller PT [33] 
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and a lower SS [34] in patients with hip osteoarthritis. It may be surmised that these 

differences were due to the respective selection of the control group; however, when 

considering patients with HOA both with and without lower back pain, there was no 

difference in spinopelvic parameters [33]. Contrary to Yoshimoto's hypothesis, Weng 

suggested that the spinopelvic alignment is not involved in the pathogenesis of HOA. 

This is supported by a meta-analysis (2017), which showed that the impact of PI on 

HOA remains inconclusive [35]. 

While PI is similar in patients with rapid destructive coxarthrosis (RDC) and 

HOA, LL and SS were significantly lower, yet PT was significantly larger in case of 

RDC [35]. The consequence of an increased PT or decreased SS is retroversion of the 

pelvis [8, 23]. Data supporting this association was observed by Innmann et al., who 

found greater posterior tilt of the pelvis in the seated position and suggested that this 

might be due to reduced hip flexion in HOA [36]. Retroversion of the pelvis was shown 

to decrease once total hip arthroplasty was performed, but the sacral slope did not 

return to the normal range [34]. Despite this, the literature regarding the influence of 

HOA on pelvic inclination remains controversial [6, 33, 34, 36]. In the present cohort, 

HOA did not influence PT. Okuda et al. showed in their cross-sectional study that 

healthy patients undergo a decrease in SS with age, leading to a retroversion of the 

pelvis [37]. This is not consistent with the findings, published in a previous study, 

showing no change in SS with age [16].  

Symptomatic femoroacetabular impingement (FAI), as well as the center gab, 

the distance between the rotation center of the acetabulum and the femoral head, have 

been shown to be important parameters in the development of hip osteoarthritis [14, 

38, 39]. However, it remains unclear how clinically asymptomatic under- and 

overcoverage of the acetabulum affects the development of hip osteoarthritis. In this 

regard, Hoch et al. found that an alpha angle of more than 55 degrees, defined as CAM 

impingement, was a significant risk factor for the development of HOA, whereas angles 

less than 20 to 25 degrees did not significantly increase risk. However, it was 

emphasized that, in addition to impingement, physical activity and symptomatology are 

also important contributing factors [14]. Impingement leads to shear forces, which in 

turn cause abrasion of the acetabular cartilage in the anterosuperior rim [39]. No 

correlation between LCE angle and hip osteoarthritis was found in the present study.  
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Chronic back pain is a common health issue worldwide and is the chief 

contributor to “years lived with a disability” [40, 41]. Several individual, psychosocial, 

and occupational parameters are known to both initiate and sustain back pain [42]. It 

remains unclear to what extent hip osteoarthritis might cause back pain in addition to 

characteristic hip pain. Prather et al. found that 84% of patients examined with low 

back pain presented a pathology of the hip joint (e.g., HOA, hip dysplasia or FAI), while 

HOA only accounted for 20%. Both Prather et al. [43] and Weng et al. [33] found that 

HOA was not significantly associated with lower back pain, which is in line with the 

findings of this study. The studies additionally observed a significant association 

between FAI and lower back pain [43]. This is contrary to the findings of the present 

study, as there was no observed correlation between back pain and LCE angle.  

This study has several limitations. First, anatomical spinopelvic parameters 

were assessed on MRI in supine position. Although there is some controversy in the 

literature [44], it has been shown that comparable results can be obtained by 

standardized, accurate positioning of the patient, including in the supine position [45]. 

Furthermore, the limited follow-up period represents another limitation. MRI exams 

were only performed at FF4, which is why long-term outcomes cannot be assessed 

making this study cross-sectional. The KORA MRI study has an extensive imaging 

protocol with various body regions (e.g., heart, brain, liver, anatomical structures, …), 

which results in long scan times. To reduce overall scan times for participants, 

structures and organs were acquired in less detail than in organ-specific studies, 

resulting in decreased image quality versus dedicated imaging. However, image 

quality was sufficient for the purposes of this study. 

Conclusion 

Spinopelvic parameters as measured in the supine position on MRI, do not 

correlate with hip osteoarthritis or lateral center edge angle. 
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Abstract 

Purpose: Hip osteoarthritis (HOA) is known to have a multifactorial pathogenesis. 

Recent studies suggest that spinopelvic alignment may represent an important 

additional pathogenic abnormality resulting in HOA. This study aims to assess the 

correlation between spinopelvic parameters (pelvic incidence (PI), pelvic tilt (PT), 

sacral slope (SS) and lumbar lordosis (LL)) obtained in the supine position on MRI and 

HOA, lateral center edge (LCE) angle, and patient reported back pain. 

Methods: Asymptomatic participants from the whole-body MRI cohort (FF4) from the 

cross-sectional case-control “Cooperative Health Research in the Region of Augsburg” 

study (KORA) were included. Whole-body MRI was performed in a standardized 

fashion in each case, on which hip osteoarthritis (HOA), anatomical spinopelvic 

parameters and lateral center edge angle were measured. Presence of back pain was 

assessed using a standardized questionnaire. Correlations were estimated by logistic 

regression models providing odds ratio. 

Results: Among 340 subjects (mean age 56.3±9.3 years; 56.5% male), HOA was 

present in 89.1% (male: 87.0%, female: 91.7%, p=0.17). The LCE angle was 30.0° ± 

5.5 (men: 29.8° ± 5.9; women: 30.1° ± 5.1; p=0.696). Mean PI was 54.0° ± 11.3°, PT 

was 13.7° ± 5.9°, SS was 40.3° ± 8.8° (significantly smaller in women p<0.05) and LL 

was 36.4° ± 9.6° (significantly greater in women p<0.05). None of the spinopelvic 

parameters correlated significantly with hip osteoarthritis or LCE angle. HOA was not 

correlated with back pain. 

Conclusion: Spinopelvic parameters as measured in the supine position on MRI, do 

not correlate with hip osteoarthritis or lateral center edge angle. 

Key Words: MRI; Osteoarthritis; Cohort Studies; Spinopelvic Alignment 
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Table 1. Osteoarthritis (OA) MRI score based on the Kellgren-Lawrence classification. 

OA MRI Score [17] 

Subchondral sclerosis None 0 

 Little 1 

 Moderate with cysts 2 

 Heavy with cysts 3 

Osteophytes None 0 

 Small 1 

 Large 2 

Mean gap of the hip joint cranially 

and medially (in mm) 

None/ questionable [≥4 mm] 0 

 Narrowing [2-4 mm] 1 

 Heavy narrowing [0.1-2 mm] 2 

 Loss of joint gap [0 mm] 3 

 

 

Table 1 Click here to access/download;Table;Table 1.docx

https://www.editorialmanager.com/jinj/download.aspx?id=1209269&guid=425a68fe-5118-451b-93c3-d1d7977ecba2&scheme=1
https://www.editorialmanager.com/jinj/download.aspx?id=1209269&guid=425a68fe-5118-451b-93c3-d1d7977ecba2&scheme=1


Table 2. Descriptive demographics, spinopelvic parameters, and degree of observed 

hip osteoarthritis of the study sample. 

Characteristics All Women Men  

 N=340 N=156 N=184 p 

Age (years) 56.3 (±9.3) 56.5 (±9.0) 56.2 (±9.5) 0.75 

BMI (kg/m2) 27.8 (±4.9) 27.4 (±5.5) 28.1 (±4.3) 0.19 

Physical activity 205 (60.3%) 103 (66%) 102 (55.4%) 0.047 

Back pain 186 (54.7%) 84 (53.9%) 102 (55.4%) 0.77 

Pelvic incidence (°) 54.0 (±11.3) 53.0 (±12.3) 54.8 (±10.4) 0.14 

Pelvic tilt (°) 13.7 (±5.9) 13.8 (±6.5) 13.6 (±5.3) 0.76 

Sacral slope (°) 40.3 (±8.8) 39.2 (±9.3) 41.2 (±8.2) 0.04 

Lumbar lordosis (°) 36.4 (±9.6) 38.1 (±9.9) 35.0 (±9.2) 0.003 

Lateral center edge 

angle 

 

  

 

     mean 30.0 (±5.5) 29.8 (±5.9) 30.1 (±5.1) 0.70 

     left 29.2 (±5.6) 29.0 (±5.9) 29.4 (±5.4) 0.59 

     right 30.7 (±6.0) 30.6 (±6.6) 30.8 (±5.5) 0.84 

Hip osteoarthritis     

     overall 303 (89.1%) 143 (91.7%) 160 (87%) 0.17 

     left 285 (83.8%) 136 (87.2%) 149 (81%) 0.12 

     right 277 (81.5%) 133 (85.3%) 144 (78.3%) 0.10 

OA MRI Score     

   Left    0.12 

      Grade 0 55 (16.2%) 20 (12.8%) 35 (19%)  

      Grade 1 264 (77.7%) 123 (78.9%) 141 (76.6%)  

      Grade 2 21 (6.2%) 13 (8.3%) 8 (4.4%)  

   Right    0.11 

      Grade 0 63 (18.5%) 23 (14.7%) 40 (21.7%)  

      Grade 1 261 (76.8%) 122 (78.2%) 139 (75.5%)  

      Grade 2 15 (4.4%) 10 (6.4%) 5 (2.7%)  

      Grade 3 1 (0.3%) 1 (0.6%) 0 (0%)  

Data are given as mean ± standard deviation or number (percentage); p-values are from t-test or chi2- 

test  
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Table 3.   Multivariable associations of spinopelvic parameters with HOA and LCE.  

 
 Hip 

Degeneration 

(HOA) - 

overall 

 Left  Right  Women  Men  

 OR (95% CI) p OR (95% CI) p OR (95% CI) p OR (95% CI) p OR (95% CI) p 

PI 0.98 

(0.95;1.01) 

0.20 0.98 

(0.95;1.01) 

0.13 1.00 

(0.97;1.03) 

0.20 0.98 

(0.93;1.03) 

0.39 0.98 

(0.94;1.02) 

0.33 

PT 0.97 

(0.91;1.03) 

0.31 0.98 

(0.93;1.03) 

0.48 0.99 

(0.94;1.04) 

0.75 0.96 

(0.87;1.06) 

0.42 0.97 

(0.89;1.06) 

0.49 

SS 0.98 

(0.94;1.02) 

0.33 0.97 

(0.94;1.01) 

0.13 1.00 

(0.97;1.04) 

0.85 0.98 

(0.92;1.05) 

0.55 0.98 

(0.92;1.03) 

0.42 

LL 1.01 

(0.97;1.05) 

0.62 1.00 

(0.96;1.03) 

0.79 1.02 

(0.99;1.05) 

0.31 1.00 

(0.94;1.07) 

0.93 1.01 

(0.96;1.06) 

0.67 

 

β-coefficients were calculated using linear regression models and odds ratios (OR) were calculated using logistic 

regression models adjusted for age, sex, body-mass index, hypertension, total cholesterol, HDL-C, triglycerides, 

diabetes status, and physical activity. 

 

 Lateral 

center edge 

angle - mean 

 Left  Right  Women  Men  

 β (95% CI) p β (95% CI) p β (95% CI) p β (95% CI) p β (95% CI) p 

PI 0.004  

(-0.047;0.054) 

0.89 0.000 

 (-0.052;0.053) 

0.99 0.007  

(-0.049;0.063) 

0.81 0.014  

(-0.061;0.089) 

0.71 -0.013  

(-0.085;0.059) 

0.72 

PT 0.050  

(-0.048;0.148) 

0.32 0.015  

(-0.086;0.116) 

0.77 0.085  

(-0.023;0.192) 

0.12 0.087  

(-0.058;0.232) 

0.24 -0.025  

(-0.168;0.118) 

0.73 

SS -0.017  

(-0.083;0.05) 

0.62 -0.006  

(-0.075;0.062) 

0.85 -0.027  

(-0.100;0.046) 

0.47 -0.016  

(-0.115;0.084) 

0.76 -0.011  

(-0.102;0.08) 

0.81 

LL 0.013  

(-0.048;0.074) 

0.67 0.029  

(-0.034;0.091) 

0.37 -0.002  

(-0.069;0.064) 

0.94 0.007 

(-0.086;0.099) 

0.89 0.019  

(-0.062;0.101) 

0.64 
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Table 4. Multivariable correlation of HOA MRI Score and LCE with back pain  

Risk factors Back pain*  Back pain**#  

 OR (95% CI) p OR (95% CI) p 

HOA overall 1.05 (0.52;2.14) 0.88 0.86 (0.44;1.69) 0.66 

     left 0.95 (0.52;1.73) 0.86 0.83 (0.47;1.45) 0.51 

     right 1.28 (0.73;2.27) 0.39 0.92 (0.53;1.59) 0.76 

LCE mean  1.00 (0.96;1.04) 0.95 0.99 (0.96;1.03) 0.71 

     left 0.98 (0.94;1.02) 0.26 0.98 (0.94;1.02) 0.26 

     right 1.02 (0.98;1.06) 0.36 1.01 (0.97;1.04) 0.71 

Odds ratios are calculated using (#ordered) logistic regression models adjusted for age, sex, body-mass index, 
hypertension, total cholesterol, HDL-C, triglycerides, diabetes status, physical activity *(yes/no), ** (Not at all, little, 
medium, strong, very strong). 
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Figure Legends 

 

Fig. 1 - Overview of spinopelvic parameters illustrated using T1 vibe Dixon in-phase 

images: (a) pelvic incidence, (b) pelvic tilt, and (c) sacral slope. Bent double arrows: 

measured angle; cFH: center of femoral head; FH: femoral head; L 4: Lumbar vertebra 

4. 

 

Fig. 2 - Measurement technique of lateral center edge angle (LCE) for the left and right hip 

joint on a mid-coronal T1 vibe dixon in phase. Bent double arrows: measured angle. 

 

Fig. 3 - Image examples of the degenerative stages of the OA MRI score (T1 vibe 

dixon in phase). A: Grade 0 – no degeneration; B: Grade 1 - small osteophytes (grey 

arrow) and borderline narrowing of the cranial joint gap (white arrow); C: Grade 2 – 

small osteophytes (grey arrows), heavy narrowing of the joint space (white arrows) and 

little subchondral lesions (black arrow); D: Grade 3 - small osteophytes (grey arrows), 

loss of joint gap medially (white arrow) and heavy pseudocystic lesions (black arrow). 

Grade 4 is not depicted due to not being awarded to any case in the cohort. 

 

Fig. 4 - Flow chart illustrating subject selection and exclusion. 

 

Fig. 5 - a Pelvic tilt value in patients with (dark gray) and without (light gray) HOA, b 

Pelvic incidence value in patients with and without HOA, c sacral slope value in 

patients with and without HOA and d lumbar lordosis in patients with and without HOA. 
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Highlights 
 
 

 No correlation between spinopelvic parameters and hip osteoarthritis in supine 
MRI 

 

 Furthers knowledge about impact of spinopelvic parameters on 
musculoskeletal system 

 

 Helps to clarify the potential etiologies of hip osteoarthritis 
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