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ABSTRACT: Scoliosis is a musculoskeletal disorder seen all around the 

world. It affects both the alignment of the vertebra and intervertebral disc. 

Scoliosis can be treated conservatively with a cast and brace or surgically with 

spinal instrumentation. During planning for surgical instrumentation, several 

factors need to be considered. Among those, biomechanical changes in the 

non-scoliotic vertebrae and discs are important. This is vital in determining 

the future degenerative changes of the spine. For this reason, this study was 

conducted with a finite element model of the lumbosacral joint using CT scan 

files to find the total deformation and equivalent static strain of the 

lumbosacral disc between pre and post-operative thoracic scoliosis patients. 

From the results, it is evident that there is a biomechanical change in the 

lumbosacral disc and structural change in the vertebral alignment followed 

immediately after corrective surgery. The correction in the alignment of the 

scoliotic spine brings changes to the biomechanical functionality and load-

bearing capacity of the lumbosacral intervertebral disc before and after 

surgery. 

 

KEYWORDS: Thoracic scoliosis, Lumbosacral disc, Finite element analysis, 

Vertebral alignment, Vertebral load. 

 

1.0 INTRODUCTION 

The human vertebral column consists of 24 articulating and 9 fused 
vertebrae (7 cervical, 12 thoracics, 5 lumbar, 5 fused sacral, and 4 fused 
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coccyx vertebrae), which totals to 33 vertebrae. An intervertebral disc, 
held together by ligaments, separates the column formed by the 
articulating vertebra with the adjacent vertebra. This results in the 
formation of curves during weight-bearing. Scoliosis is a deformity of 
the vertebral column, in which the spine is abnormally twisted and 
curved to the sides. Globally scoliosis is one of the most common 
musculoskeletal disorders affecting the pediatric age group with a 
prevalence of 2-3%. When examining the spine from the back, a 
scoliotic spine will appear ‘C’ shaped (single curvature) or ‘S’ shaped 
(double curvature). It can be treated conservatively with a cast or brace 
or surgically with spinal instrumentation. Opting for surgical 
intervention depends upon various factors such as etiology, severity, 
cardiopulmonary involvement, Cobb’s angle, and age. During spinal 
instrumentation surgery, surgeons fuse the scoliotic vertebrae using 
metal implants. Since the alignment of vertebrae is affected in scoliosis, 
the Center of Gravity (CoG) and Line of Gravity (LoG) is also affected. 
In an anatomical standing posture, the CoG and LoG lie anterior to the 
sacrum bone (S2). Whereas, in scoliosis patients, the CoG and LoG are 
deviated depending on the configuration of the spine. This level of 
deviation can be roughly understood by measuring the coronal 
balance, sagittal balance, thoracic trunk shift, thoracolumbar and 
lumbar sagittal alignment. 

A study done by Damavandi et al., [1] on the head and trunk mass, 
and center of mass position estimations in able-bodied and scoliotic 
girls concluded that the pre-operative scoliotic girls have greater pelvic 
forward tilt and trunk inclination compared to normal subjects. 
Whereas, another study done by Park et al., [2] on the effect of scoliosis 
angle on sway on the center of gravity found that the whole-body 
balancing ability in pre-operative scoliosis patients is significantly 
different from normal persons. This explains the importance of pelvic 
tilt, the center of gravity, and trunk inclination in maintaining a proper 
posture. In scoliosis patients, since the trunk posture is altered or 
shifted to one side, it in turn provides more pressure to the lumbar 
region on the side of the scoliosis curve. Using image processing, a 
study conducted by Hajizadeh et al., [3] on a 3D multibody model of 
the scoliotic spine with lateral bending motion for comparison of 
ribcage flexibility concluded that the load at lumbar joints in the 
scoliosis model were higher when compared to the normal subjects. 
The vertebral column is connected with the pelvis and lower limbs 
forming a continuous plane for weight transmission and support for 
the body in bipedal gait and posture of humans. The pelvis is made up 
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of the hip bones and sacrum. The femur bone of the thigh forms an 
articulation with the acetabulum to form the hip joint. Weight from the 
head, arm, and trunk are passed through the vertebral column and 
transferred to the lower limbs through the sacrum and sacroiliac joint 
as shown in Figure 1. Intervertebral discs play a major role in 
transferring load from one vertebra to another. It acts as a shock 
absorber. 

 

Figure 1: Weight distribution [4]. 

Pressure within the center of the disc is never zero, because of the 
pre-existing tension even when the disc is unloaded. The physical 
property of the intervertebral disc allows it to withstand a considerable 
amount of load, even when the load is applied for an extended period. 
A normal intervertebral disc is an anisotropic structure [5]. National 
Institute for Occupational Safety and Health (NIOSH) guidelines for 
manual (1994) lifting concluded that the joint between the fifth lumbar 
vertebra (L5) and first sacral vertebra (S1) is the joint of greatest lumbar 
stress during weight lifting. A study done by Pel et al. found that a 20% 
reduction in vertical sacroiliac joint shear resulted in a 70% increase in 
sacroiliac joint compression force [6]. In normal subjects, the vertebral 
column is arranged linearly in the frontal plane and angular in the 
sagittal plane. Although, in a scoliotic spine, the vertebral column is 



Asian Journal of Medical Technology (AJMedTech) 

 

21 
 

arranged angularly in all three planes as it is often accompanied by 
some amount of lateral twist in the spine (kyphosis). When scoliosis 
patients undergo corrective surgery, surgeons focus on correcting the 
vertebrae causing a scoliosis curve. Surgeons first perform osteotomy 
(removal of bone parts) and realign the vertebral column manually 
along the course of the expected normal vertebral curve. Using 
implants like Harrington rods and Pedicle screws which are made up 
of stainless steel or titanium, surgeons screw the vertebrae to the 
Harrington rods using Pedicle screws. Implants are to fix the corrected 
vertebra in its anatomical position and prevent it from scoliotic 
recurrence. After fixing the vertebrae, a layer of bone cement or local 
bone graft is applied over the rearranged vertebral column to fuse the 
corrected scoliotic vertebrae and to form a single fused vertebra. Thus, 
the scoliotic vertebral column is rearranged to a new or a normal 
position. 

Some claim that most of the curve is reduced because of the manual 
pressure. On the other hand, some claim it's due to vertebral fusion and 
metal implants. A study done by Trobisch et al., [7] on postoperative 
trunk shift in Lenke 1 and 2 curves concluded that the postoperative 
trunk shift is common after surgery for adolescent idiopathic scoliosis. 
But it occurs only in 13.6% of patients and 65% of trunk shifts are 
iatrogenic (caused by the surgeon). If the curve is corrected only by 
manual pressure, implants can take over the vertebral fusion. Then 
need for fusing the vertebrae will be a questionable debate. Even after 
spinal instrumentation, due to the sudden change in the configuration 
of the spinal column, patients feel a disturbance in their balance. A 
study by Carvalho de Abreu et al., [8] on the influence of surgical 
treatment of adolescent idiopathic scoliosis on postural control 
supports this theory. They concluded that the scoliosis patients have a 
large CoP oscillation compared to age-matched healthy adults. Even 
after surgery, oscillation is decreased in the initial 90 days. But later, it 
remained larger than before surgery. Also, another study done by 
Nohara et al., [9] on lumbar disc degeneration in patients with 
adolescent idiopathic scoliosis with spinal fusion claims that 48% of 
disc degeneration occurs at the Lumbosacral junction (L5-S1) and 
segments adjacent to fused vertebrae has only 8% of chance. If the 
abnormal curve (scoliosis) leads to an altered coronal balance, sagittal 
balance, thoracic trunk shift, thoracolumbar and lumbar sagittal 
alignment, then after treating scoliosis, these parameters should, by the 
right return to normal or at least close to normal. This raises a query of 
whether scoliotic vertebral fusion also affects the non-scoliotic 
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vertebrae (vertebrae not involved in the scoliotic curve) of the spine. 
Hence, in order to validate this, this study tried to find the total 
deformation and strain of the lumbosacral intervertebral disc between 
the pre and post-operated thoracic scoliosis patients. The objectives of 
this study were to find whether the manual correction during 
corrective surgery bring any immediate changes to the structure of the 
spine and to find whether the correction in the alignment of the thoracic 
scoliotic spine brings any changes to the biomechanical functionality 
and load-bearing capacity of the lumbosacral intervertebral disc before 
and after surgery. 

2.0 METHODOLOGY 

The prevalent of scoliosis is 1 to 2% in adolescence. Among those 1 to 
2%, determining the patients with the same side and the same level of 
scoliosis who underwent corrective surgery is tiresome work and the 
availability of such kind of data is exceptional. Hence, this study was 
an observational cross-sectional study. The sampling method followed 
was convenience sampling. 

2.1 Data Collection 

Data collection was done at Government General Hospital, Chennai, 
India. Proper consent was obtained from the radiology department 
before collecting data. Since bone fusion gets complete by 6 to 9 months 
after surgery [10] [11], pre-operative and post-operative CT scan data 
of patients who underwent scoliosis correction not more than 2 months 
and with the age group between 10 to 20 years were selected for this 
study. Only 1 patient fulfilled the above-mentioned criteria. The patient 
had right thoracic scoliosis and his lumbar bones had normal vertebral 
alignment. Radiographs were taken with the patient in a lying position. 
During standing, patients might tilt their pelvis unknowingly. Both the 
Pre-operative and post-operative radiographs were obtained in 
DICOM format. Baseline assessments like age, sex, date of surgery, and 
date of the scan were noted and presented in Table 1. 

Table 1: Patient Details 

Gender Age Pre-operative Scan Date of Surgery Post-operative Scan 

M 19 12-01-2016 19-01-2016 26-02-2016 

 

2.2 Method 

Obtained DICOM files were imported into an image segmentation 
software Materialise, version 20.0 (Materialise Inc., Belgium). The 
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lumbosacral joint was selected as the region of interest, which consists 
of the fifth lumbar vertebra (L5), sacrum, and lumbosacral disc. Other 
parts were cropped out. No metal implants, blood vessels, ligaments, 
endplates, and muscles were comprised in the image segmentation. 
Two separate masks were created for bones and discs and were 
converted into parts. The developed parts were smoothened and 
wrapped to hide any edges or holes. In order to maintain surface 
contours, an adaptive remesh was carried out with a triangle edge 
length of 1 mm. Then, the developed parts were converted into solid 
volume. This solid volume was meshed with 4 node tetrahedral 
elements and a maximum edge length of 2 mm, to have a uniformed 
mesh as shown in Figure 2. The meshed volume of the homogeneous 
lumbosacral segment was exported to an FEA solver program ANSYS, 
version 17.2 (Ansys, Inc., U.S.A) as .CDB files. The same procedures 
were followed for both the pre and post-operative DICOM sets. 

 

Figure 2: Meshed Lumbosacral Joint 

The exported .CDB files were opened with the Ansys Workbench 
module. Static structural analysis was set to run. A linear homogeneous 
isotropic material property was used to run the simulation. The 
isotropic material properties of bone and disc were attained from 
works of literature [12] and [13] and provided in Table 2. The large 
deflection was turned off and the direct solver type was selected. In our 
previous study [14], it was found that on a normal standing position, 
an average adult weighing 65 kgs with a normal lumbosacral angle of 
30° would exert a net force of 196 N on the lumbosacral disc. Hence, 
the same 196 N force was applied in this model. The sacrum was set as 
fixed support and 196 N downward force was applied on the L5 
vertebra. The total deformation and equivalent elastic strain of the 
lumbosacral disc were measured. 

Table 2: Material properties of Homogeneous model 

 Young’s Modulus (MPa) Poisson’s Ratio References 
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Bone 200 0.3 
[12, 13] 

Disc 4 0.4999 

 

3.0 RESULTS AND DISCUSSION 

Results of applying 196 N force on the lumbosacral disc between pre 
and post-operative models showed us that there is a difference between 
them. Before the correction, the total deformation and equivalent 
elastic strain of the lumbosacral disc were found to be 0.00020242 m 
and 0.03153 m/m. Whereas, after correction and before complete fusion 
of the scoliotic vertebrae, the total deformation and equivalent elastic 
strain of the lumbosacral disc was found to be 0.00011567 m and 
0.019186 m/m. The number of nodes, elements, total deformation, and 
equivalent elastic strain of pre-operative and post-operative models is 
represented in Table 3. 

Table 3: Results. TD – Total Deformation, EES – Equivalent Elastic 

Strain 

 Pre-operative Post-operative 

Nodes 65755 58247 

Elements 385584 326962 

TD 0.00020242 m 0.00011567 m 

EES 0.03153 m/m 0.019186 m/m 

It was evident that the area of total deformation and area of 
equivalent elastic strain in pre and post-operative discs had changed. 
In the pre-operative lumbosacral disc, the maximum area of total 
deformation was on the anterior aspect of the disc. Much force was 
concentrated on the anterior and had uneven distribution. Whereas, in 
post-operative, the maximum area of total deformation was on the 
anterolateral aspect of the disc and the force of 196 N was distributed 
to the disc to a certain extent as shown in Figure 3.  

 

(a)      (b) 

Figure 3: Total Deformation of Lumbosacral disc; (a) Pre-operative and 
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(b) Post-operative 

 

(a)      (b) 

Figure 4: Equivalent Elastic Strain of Lumbosacral disc; (a) Pre-

operative and (b) Post-operative 

We noticed the same level of changes in the equivalent elastic strain 
as well. In pre-operative it was found that the maximum strain was on 
the lateral aspect of the disc (right side). In post-operative, the 
maximum strain was found nearly on both the sides (lateral) on top 
(superior) of the disc as shown in Figure 4. It is also important to note 
that the number of nodes and elements of the same patient varies 
between pre and post-operated lumbosacral models. 

Earlier, a study by Karami et al., [15] on the assessment of coronal 
radiographic parameters of the spine in the treatment of adolescent 
idiopathic scoliosis concluded that precise attention to the coronal 
balance in pre-operative is vital in the prevention of post-operative 
decompensation. During the scoliosis correction surgery, surgeons 
perform osteotomy, place bone grafts in the course of the scoliosis 
curve, and fuse the vertebrae together. With the help of metal implants, 
bone grafts, and bone regeneration, curve correction occurs promptly. 
Another study by Ameri et al., [16] on the natural history of coronal 
balance after spinal fusion in adolescent idiopathic scoliosis revealed 
that the first 12 months after posterior spinal fusion is the spontaneous 
improvement period for coronal balance.  

Our earlier study [17] on thoracic trunk shift and coronal balance 
conducted among 24 pre and post-operated thoracic scoliosis patients 
found that there is a significant decrease in the trunk shift and coronal 
balance between pre and post-operative patients. These 24 thoracic 
scoliosis patients are those who underwent correction surgery at least 
a year before the date of data collection. Their X-Ray images were used 
for measurement. The pre-operative thoracic trunk shift and coronal 
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balance were measured to be 42.45 ±10.36 mm and 14.75 ±4.12 mm. 
Whereas, the post-operated thoracic trunk shift and coronal balance 
were measured to be 14.83 ±5.18 mm and 4.25 ±1.35 mm. Since the 
patients had 12 months of duration from the date of surgery to the date 
of data collection, this decrease in trunk shift and coronal balance could 
be because of the implants and vertebral bone fusion. Whereas, the 
present study was conducted with the patient who had only a 1-month 
duration between the date of surgery and the date of data collection. 
This indicates that, along with the implants and vertebral bone fusion, 
the surgeon’s manual correction of scoliotic vertebral alignment also 
plays a major role in scoliosis correction. After correction, the vertebral 
column gets a new alignment. This forces the rest of the adjacent 
vertebrae and other bones like ribs and sacrum to regenerate 
accordingly. This regeneration of bones after scoliosis correction could 
be the reason for the difference in the number of nodes and elements 
between the pre and post-operated lumbosacral model of the same 
patient. 

This study had few limitations. Human bone is nonhomogeneous 
and anisotropic. Since the volume of the lumbosacral segment is small 
and this study aimed to find only the structural change between pre 
and post-operative, the property of bone and disc were assumed to be 
homogeneous and isotropic. The second limitation was the mesh 
independence study. Instead of performing a mesh independence 
study to find the optimal mesh size, a standard mesh size of 2 mm was 
selected as it was widely used in the literature. It is advisable that the 
upcoming researchers use more sample size, perform mesh 
independence study, and consider the model as nonhomogeneous and 
anisotropic to get more precise results. 

4.0 CONCLUSION  

This study results showed that, the total deformation and equivalent 
elastic strain of lumbosacral disc at 196 N force as 0.00020242 m and 
0.03153 m/m. Whereas, after correction and before complete fusion of 
the scoliotic vertebrae, it was found to be 0.00011567 m and 0.019186 
m/m. From this study, it can also be inferred that manual correction in 
the alignment of the thoracic scoliotic spine during corrective surgery 
brings immediate changes to the structure of the spine, changes in the 
disc load distribution pattern, and bone remodeling in the adjacent 
vertebrae, ribs, and sacrum. This helps in the improvement of the 
functional capacity of the individual and thus helps in reducing the 
morbidity due to the deformity before correctional surgery. 
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