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Introduction: Adolescent idiopathic scoliosis is common condition in pediatric orthopedics that is gener- 

ally analyzed with standard radiographs. However, the conditions under which the radiographs are made 

are completely different than the position that patients use during day-to-day activities. We hypothe- 

sized that the trunk’s static position differs from its dynamic one. The aim of this study was to determine 

differences between the trunk’s static and dynamic positions using motion analysis in adolescents with 

idiopathic scoliosis. 

Patients and methods: This prospective, single-center study enrolled adolescents with idiopathic scoliosis 

who were scheduled to undergo surgical correction. The day before the surgery, radiographs were made 

and motion analysis was performed (static and dynamic acquisitions). Various parameters were measured 

on the radiographs and motion analysis, including the coronal vertical axis (CVA), sagittal vertical axis 

(SVA) and coronal shoulder tilt. 

Results: The study enrolled 62 patients with a mean age of 15.5 years. There was a significant correlation 

between the radiographic measurements and the static motion analysis results for most parameters.  

Conversely, dynamic measurements of CVA, SVA and coronal shoulder tilt were not correlated to their 

static measurements (R = 0.229; 0.198 and −0.109 respectively, all p > 0.05). The static coronal shoulder 

tilt was opposite to the one found during walking (−0.9◦ vs. 0.5◦, p = 0.031). 
Discussion: Our study is the first to compare the trunk’s static position with its dynamic position during 

walking in a cohort of adolescents with idiopathic scoliosis. Motion analysis provides new information 

about the trunk’s dynamic positions. Based on our findings, radiographic analysis only partially captures 

the spinal alignment and cannot be used to draw reliable conclusions about the trunk’s dynamic balance. 

 
  

 
1. Introduction 

 
Adolescent idiopathic scoliosis is common condition encoun- 

tered in pediatric orthopedics affecting 2% to 3% of the pediatric 

population [1]. This spinal deformity is defined by the presence of 

vertebral rotation. The rotational deformity leads to spinal devi- 

ation in the frontal plane and often alters its sagittal curves [2]. 

Idiopathic scoliosis is often associated with adolescence, with a 

potential for major progression during the growth spurt associated 
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with puberty. Thus it is crucial to diagnose it, and if needed, treat 

it during this period [3,4]. 

When using standard radiographic analysis tools, it is not sur- 

prising to see that, despite the local deformities in the three planes 

in space, patients with scoliosis rarely have overall trunk alignment 

problems. The sagittal alignment, often analyzed using the sagittal 

vertical axis (SVA) parameter, is rarely described as pathological 

in these patients [2]. The overall frontal plane alignment is deter- 

mined using the coronal vertical axis (CVA), which is also deviated 

only when a considerable lumbar curve is present [5]. However, 

no study up to now had sought to explore the validity of analyz- 

ing the spine’s overall alignment on radiographs in a controlled 

environment and constrained position. Under these conditions, it 

is highly unlikely the spine’s position on radiographs truly reflects 

the trunk’s overall position during activities of daily living. 
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Over the past 30 years, more modern analysis tools have been 

introduced, for example motion analysis [6,7]. Initially used in 

neuro-orthopedics, its application has been expanded into ortho- 

pedic disorders in general, for example hip and knee arthroplasty 

[8]. Several authors have shown that trunk motion analysis is fea- 

sible [9,10]. This tool can be used to analyze the trunk’s position 

during walking. Several protocols have been described to capture 

the trunk’s motion during gait. Ranavolo et al. reported that nine 

or ten markers were needed on the back to describe the spine’s 

position with motion analysis. In 2012, our team developed a pro- 

tocol to accurately analyze the trunk’s kinematics and kinetics 

using only six markers on the back placed over C7, T7, T9, T12, 

L3 and S1 [11,12]. We showed the parameters measured with this 

protocol are significantly correlated with radiographic parameters 

[13]. One of the advantages of motion analysis is that it can cap- 

ture dynamic information (during walking) while also being able 

to capture static information, comparable to radiographic analysis 

[13]. With motion analysis, several authors have reported abnormal 

gait patterns in patients with idiopathic scoliosis; in particular, the 

trunk is turned to the left during the entire gait cycle [14–16]. This 

casts doubt on the analysis of overall trunk alignment performed 

on radiographs. 
We hypothesized that overall trunk alignment in a static posi- 

tion does not reflect the spine’s dynamic posture during walking. 

The aim of this study was to determine differences between the 

trunk’s static and dynamic positions using motion analysis in ado- 

lescents with idiopathic scoliosis. 

 

2. Patients and methods 

 
2.1. Study population 

 
After having gained approval from our hospital’s research ethics 

board, we conducted a prospective study. Between January 2014 

and December 2017, adolescent patients with  idiopathic  scolio- 

sis who were scheduled for corrective surgery at  our  hospital 

were enrolled. The patients’ consent and that of their parents or 

guardians was obtained before enrollment. The inclusion criteria 

were (1) idiopathic scoliosis in adolescent or juvenile 3 (diagno- 

sis after 9 years of age) and (2) indication for surgical correction. 

At our hospital, an indication for surgical correction is made when 

the Cobb angle is more than 45◦ in thoracic curvatures (Lenke 1, 

2 and 3) and 35◦ in lumbar or thoracolumbar curvatures (Lenke 5 

and 6). Patients with a history of major orthopedic or trauma of the 

lower limbs, history of spine surgery, or lumbosacral transitional 

vertebrae were excluded from the study. 

 

2.2. Protocol 

 
The day before the surgery, radiographs of the entire spine were 

made with the patient standing. At our hospital, motion analysis 

is an element of our standard care protocol. Reflective markers 

were placed on the patient according to the Plug-in-Gait protocol, 

supplemented by six markers used to capture the spine’s motion 

(Fig. 1) [11–13]. While three different researchers were involved 

in marker placement, each was experienced with the protocol. The 

analysis platform consisted of six high-resolution infrared cameras 

capturing data at 100 Hz. A static acquisition was made in which 

the patient was asked to stand motionless in a comfortable position 

for 2 seconds. Next, dynamic acquisition was performed in which 

the patient was asked to walk barefoot and at a comfortable speed 

in a straight line on a 9 m walkway. The mean of four trials was 

calculated to analyze the position of each marker during the gait 

cycle. 

2.3. Parameters evaluated 

 
The radiographs were analyzed using a semi-automated method 

with spine-specific analysis software (Surgimap, Globus Medical, 

NY, United States). On AP view, the thoracic and lumbar Cobb 

angles, coronal shoulder and pelvis tilt and CVA were measured. 

On the lateral view, the thoracic kyphosis (T4–T12), lumbar lordosis 

(L1–S1), sagittal pelvic tilt and SVA were measured. The patients’ 

scoliosis was graded using the classification system described by 

Lenke et al. [17]. 

Multiple parameters were  measured  with  motion  analysis 

(Fig. 2). The frontal plane parameters were the thoracic Cobb angle 

(defined as the angle between a line passing through the C7 and 

T7 markers and a line passing through the T9 and T12 markers 

in the frontal plane), the lumbar Cobb angle (defined as the angle 

between a line passing through the T12 and L3, and the L3 and S1 

markers in the frontal plane), the coronal shoulder and pelvis tilt, 

and the CVA. In the sagittal plane, the thoracic kyphosis (defined 

as the angle between the line passing through the C7 and T7 mark- 

ers and the line passing through the T9 and T12 markers in the 

sagittal plane), the lumbar lordosis (defined as the angle between 

lines passing through the T12 and L3, and L3 and S1 markers in 

the sagittal plane), the sagittal pelvic tilt and the SVA were mea- 

sured. Lastly, in the transverse plane, we measured the shoulder 

line rotation (bi-acromial line vs. perpendicular to the walking pro- 

gression axis), the pelvic rotation (line joining the anterosuperior 

iliac spines vs. perpendicular to the walking progression axis) and 

the acromion-pelvis angle (APA). 

 
2.4. Statistical analysis 

 
The results are presented as mean values (standard deviation) 

and minimum/maximum. The motion analysis parameters were 

measured in each phase of the gait cycle. When looking for cor- 

relations, the mean values of each dynamic parameter was used. 

Pearson correlation coefficients were used to analyze the rela- 

tionship between the radiographic parameters and the static and 

dynamic parameters measured with motion analysis. Mean values 

were compared using Student’s t test for paired samples when the 

data were distributed normally. If not, a Wilcoxon test was used. A 

p value of less than 0.05 was considered statistically significant. 

 
3. Results 

 
3.1. Study population 

 
In all, 62 patients were enrolled in the study. There were 54 

girls and 8 boys with a mean age of 15.5 years ( 2.1; 11.8 to 21.4 

years). In these patients, 44 curvatures were classified as Lenke 1 

(71%), 5 as Lenke 2 (8%), 1 as Lenke 3 (2%) and 12 Lenke 5 (19%). The 

radiographic parameters and their correlation with static motion 

analysis data are summarized in Table 1. Other than the lumbar 

Cobb angle, all the radiographic parameters were significantly cor- 

related with their equivalent parameter measured with motion 

analysis in a static position. 

 
3.2. Correlations between radiographic parameters and motion 

analysis findings 

 
Correlations between the radiographic parameters and the 

parameters measured with dynamic motion analysis are listed in 

Table 2. There was no significant relationship between radiographs 

and dynamic motion analysis for the coronal shoulder and pelvic 

tilt, lumbar Cobb angle and SVA. 

The correlations and comparisons between the means of the 

static and dynamic motion analysis parameters are summarized in 
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Fig. 1. Drawing of the marker locations used for motion analysis of the spine. 

 

Table 3 and Fig. 3. In the transverse plane, all parameters behaved 

the same during the static and dynamic analysis. Thus, the static 

position during radiographic acquisition in the transverse plane 

reflects the static position during motion analysis. Of note, the 

shoulders and pelvis were angled significantly more to the left in 

the dynamic analysis than the static one (respectively −3.2◦ vs. 

−5.5◦, p < 0.001 and 2.3◦ vs. 1.1◦, p = 0.017). Logically, the APA was 
the same statically and dynamically ( 6.0◦ vs. 6.2◦, p = 0.312). 

In the frontal plane, the coronal shoulder tilt during walking 

was opposite to the angle measured statically (left shoulder lower 

in static position) ( 0.9◦ vs. 0.5◦, p = 0.031). Moreover, the dynamic 

coronal shoulder tilt was independent of the static coronal shoulder 

tilt (R = 0.109, p = 0.455). As for the overall alignment of the trunk 

in the frontal plane (CVA), the static and dynamic values were not 

correlated (0.8 vs. 1.2 mm, p = 0.546 and R = 0.229, p = 0.073). 

Lastly, in the sagittal plane during walking, the lumbar lordo- 

sis decreased (21.1◦ vs. 18.8◦, p < 0.001) and the thoracic kyphosis 

increased (26.5◦ vs. 28.4◦, p = 0.023) with the pelvis tending towards 

retroversion (11.7◦ vs. 9.9◦, p < 0.001). The SVA increased signifi- 
cantly, reflecting the fact that the trunk is projected forward during 

walking (5.4 vs. 43.6 mm, p < 0.001). The static and dynamic SVA 

were not correlated, thus the SVA value during walking was inde- 

pendent of the SVA measured statically (R = 0.198, p = 0.122). 

 
4. Discussion 

 
This is the first study to compare the trunk’s static position with 

its dynamic posture in adolescents with idiopathic scoliosis. Our 

hypothesis was confirmed, since the trunk’s static position was 

different than its dynamic one in this population. In fact, the param- 

eters used to analyze the trunk’s overall alignment (CVA and SVA) 

were unrelated in the static and dynamic analyses. This means that 

static analysis of these parameters based on radiographs is incom- 

plete and does not reflect the trunk’s position during activities of 

daily living. Thus our findings highlight the difference between 

spinal alignment – which is a static parameter – and spinal balance, 

which is a dynamic one [18]. Thus,  it  is  risky  to  draw  conclu- 

sion about an overall spine alignment defect and its consequences 

based on standard radiographs. These findings suggest that motion 

analysis supplement the typical radiographic analysis and could 

be integrated into the patient’s pre- and postoperative evaluation. 

Of course, it is not very likely that motion analysis, in its current 

form, will replace radiographic analysis of spinal deformity. How- 

ever, our findings show that motion analysis captures the dynamic 

movements of the spine and supplements the information derived 

from static radiographs. 
One of the interesting findings was the inversion of the coro- 

nal shoulder tilt. Statically, patients had their left shoulder lower, 

whereas it was higher during walking. This cast doubt on the anal- 

ysis of overall trunk balance based on coronal shoulder tilt, which 

is considered as a major goal of surgical correction of spinal defor- 

mities in adolescent idiopathic scoliosis [19]. In fact, the shoulder 

tilt during walking is different and independent than the one in 

a static position. This means it is difficult to predict the behavior 

of the shoulders during walking based on standard radiographs. It 

would be interesting to transpose this same analysis to the postop- 

erative period and use it to determine the effect of spinal fusion on 

shoulder position during walking. 



 

 
Fig. 2. Method used to measure the various motion analysis parameters a: thoracic Cobb angle; b: lumbar Cobb angle; c: thoracic kyphosis; d: lumbar lordosis; e: pelvic tilt; 

f: CVA; g: SVA; h: shoulder line rotation; i: pelvis rotation; j: acromion pelvis angle (APA). ACR: acromion. EIAS: anterosuperior iliac spine. 

 

Table 1 

Radiographic and static motion analysis data in adolescents with idiopathic scoliosis. 
 

Radiographs Static motion analysis Correlation 

 

 
R2 p 

 

 Mean SD  Mean SD 
coefficient R  

Coronal vertical axis (mm) 3.0 18.7  0.8 21.9 0.350 12% 0.005 

Coronal shoulder tilt 

Coronal pelvic tilt 
−1.5 
0.5 

3.1 

2.2 

 −0.9 

−0.6 

3.3 

2.55 

0.512 

0.395 

26% 

16% 

< 0.001 

0.005 

Thoracic Cobb angle 

Lumbar Cobb angle 

Sagittal vertical axis (mm) 

48.0 

35.7 

14.8 

15.8 

10.5 

21.8 

 13.1 

9.9 

5.4 

8.6 

7.4 

36.1 

0.579 

−0.201 
0.252 

33% 

4% 

6% 

< 0.001 

0.118 

0.048 

Thoracic kyphosis 

Lumbar lordosis 

19.6 

50.4 

11.6 

12.3 
 26.5 

21.2 

9.1 

8.5 

0.574 

0.441 

33% 

19% 

< 0.001 

< 0.001 

Sagittal Pelvic tilt 6.5 8.3  11.7 6.6 −0.351 12% 0.005 

The correlations are given in the last 3 columns. SD: standard deviation. 

 
 
 

Table 2 

Correlations between radiographic and dynamic motion analysis data in adolescents with idiopathic scoliosis. 
 

Parameter Radiographs Dynamic motion analysis Correlation coefficient R R2 p 

CVA 

Coronal shoulder tilt 

Coronal pelvic tilt 

Thoracic Cobb angle 

3.0 

−1.5 
0.5 

48.0 

−1.18 
0.5 

−0.3 
13.4 

0.617 

−0.114 
0.198 

0.502 

38% 

1% 

4% 

25% 

< 0.001 

0.437 

0.172 

< 0.001 

Lumbar Cobb angle 

SVA 

Thoracic kyphosis 

Lumbar lordosis 

35.7 

14.8 

19.6 

50.4 

8.9 

43.6 

28.4 

18.8 

−0.207 
0.224 

0.594 

0.417 

4% 

5% 

35% 

17% 

0.107 

0.118 

< 0.001 

< 0.001 

Sagittal Pelvic tilt 6.5 9.9 −0.316 10% 0.012 

CVA: coronal vertical axis; SVA: sagittal vertical axis. 



 

 
Fig. 3. Correlation between motion analysis parameters measured statically and dynamically. The dynamic SVA, CVA and coronal shoulder tilt were not correlated to their 

static measurements. 

Table 3 

Correlation between motion analysis parameters measured statically and dynamically. 
 

Parameter Static Dynamic Comparison of means Correlation coefficient R R2 p 

APA 

Shoulder rotation 

−6.4 

−3.2 

−6.7 

−5.5 

0.312 

< 0.001 

0.873 

0.512 

76% 

26% 

< 0.001 

0.001 

Pelvis rotation 

CVA 

Coronal shoulder tilt 

Coronal pelvic tilt 

2.3 

0.8 

−0.9 

−0.6 

1.1 

−1.2 
0.5 

−0.3 

0.017 

0.546 

0.031 

0.186 

0.506 

0.229 

−0.109 
0.523 

26% 

5% 

1% 

27% 

< 0.001 

0.073 

0.455 

< 0.001 

Thoracic Cobb angle 

Lumbar Cobb angle 

SVA 

13.1 

9.9 

5.4 

13.4 

8.9 

43.6 

0.583 

< 0.001 

< 0.001 

0.913 

0.971 

0.198 

83% 

94% 

4% 

< 0.001 

< 0.001 

0.122 

Thoracic kyphosis 26.5 28.4 0.023 0.758 57% < 0.001 

Lumbar lordosis 21.1 18.8 < 0.001 0.956 91% < 0.001 

Sagittal Pelvic tilt 11.7 9.9 < 0.001 0.809 65% < 0.001 

APA: acromion-pelvis angle; CVA: coronal vertical axis; SVA: sagittal vertical axis. 

 
We found a good correlation between most of the radiographic 

parameters and the static motion analysis parameters. This con- 

firms our team’s previously published findings [13] and shows that 

motion analysis can be used to describe the same parameters mea- 

sured on radiographs. This is especially true for the overall trunk 

balance parameters. We also found asymmetry in the transverse 

plane, with the trunk generally turned to the left, as previously 

 

reported in the literature [1,14,15]. This asymmetry in the trans- 

verse plane is more pronounced in patients with idiopathic scoliosis 

and is likely one of the specific features of patients with the disor- 

der. 

Our findings can also be used to describe the alterations in 

trunk position in the sagittal plane during walking. In fact, walk- 

ing requires the trunk to be projected forward (increased SVA). 



 

This movement appeared to be initiated by the upper portion of 

the trunk, with overall flexion of the spine (increased thoracic 

kyphosis and reduced lumbar lordosis). Conversely, there is pelvic 

retroversion associated with these mechanisms. Studies in normal 

populations could help to specify the mechanics used to alter spinal 

posture during walking. 

Given this new information, motion analysis could be used to 

obtain new information in several cases. In fact, it could help to 

identify compensatory mechanisms for static balance that would be 

apparent with motion analysis. Moreover, dynamic analysis of the 

trunk could improve our understanding of the factors that influence 

the natural history of idiopathic scoliosis during growth and after- 

wards. Lastly, evaluating dynamic posture could be key element 

for understanding certain biomechanical complications related to 

spinal fusion, such as the occurrence of proximal or distal junctional 

kyphosis; it is currently hard to determine which factors cause this 

complication based on simple radiographic analysis [20]. 

This study has certain limitations. Despite the large number of 

patients enrolled, we could not perform a subgroup analysis based 

on the location of the curvature, mainly because thoracic curvatures 

were over-represented in our cohort. It would have been interest- 

ing to compare the changes in spinal alignment during walking 

based on where the scoliotic curvature is located. 

 
5. Conclusion 

 
This preliminary study comparing  static  trunk  alignment  to 

its dynamic posture revealed fundamental differences. Based on 

our findings, radiographic analysis provides limited information 

because of how it is performed, especially when it comes to ana- 

lyzing the spine’s overall alignment. Motion analysis can be used 

to improve our understanding of spinal deformity mechanisms and 

the effect of intervertebral fusion on spine function. We showed 

that the trunk’s position changes during walking; a study on normal 

subjects would help to specify the mechanisms. 
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