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Objective: Normal values of sagittal vertebral, pelvis and global spinopelvic parameters have been reported to vary from society to society. The
aim of this study was to determine these parameters in a young adult Turkish population and to evaluate the relationship between the sagittal
spinopelvic measurements. This was the first study on this subject in a Turkish population.

Materials and Methods: The study included a total of 170 subjects comprising 137 (80.6%) males and 33 (19.4%) females, with a mean age of
24.1%4.9 years. Anteroposterior and lateral spine X-rays and pelvis X-rays were performed to evaluate the sagittal vertebral, pelvis and global
spinopelvic parameters. Patients were classified according to the Roussouly classification system to classify normal variations of the vertebrae,
pelvis and sacrum in the sagittal plane. Normal distribution of the variables was examined with the Shapiro-Wilk test. The Independent Samples
t-test was used in the comparison of mean values.

Results: The mean and standard deviation values for sagittal vertical axis (SVA), spinopelvic inclination (T1Slop, T1SPi) , thoracic kyphosis, lumbar
lordosis (LL), pelvic tilt, pelvis incidence (Pl) and sacral slope values were 2.7%£3.8,13.5+7.5,-6.3%7.5,29.6%9.8,49.7+¥12.2,11.6%7.3,45.1¥12.4 and
36.2£8.5, respectively. According to the Roussouly classification, 15.9% of the participants were classified as type 1, 32.3% type 2, 34.7% type
3,and 17.1% type 4. A statistically significant weak negative correlation was found between Pl and T1SPi and a weak positive correlation was
determined between Pl and LL. No statistically significant correlation was determined between T1SPi and SVA.

Conclusion: One hundred and eighty-seven asymptomatic young adult Turkish volunteers were evaluated in terms of some pelvic angles and the
physiological standard ranges of spinal parameters defining spinal balance and the ratios were determined according to the Roussouly sagittal
morphological classification. The results showed a negative correlation between T1SPi and PI.
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ABSTRACT

(thoracic kyphosis) at which lordosis becomes kyphosis as the
“inflexion point”and defined it as a limited functional variable®.
Based on the Berthonnaud concept of spinal segmentation,
Roussouly et al. ® recommended the classification of common

INTRODUCTION

The Dubousset cone of economy concept illustrates the
importance of spinopelvic balance to minimize the energy

spent while standing and walking®. This is due to the
harmonic relationship of the normal sagittal curves and the
pelvic anatomy. Sagittal radiological evaluations of a healthy
population could provide new information about normal
sagittal alignment,and this information could contribute to the
treatment of spine deformities.

In the evaluation of spinal curves, some authors have placed
anatomic limit points on regional spinal curves. Berthonnaud
et al. @ named the point between lumbar lordosis (LL) and TK

variables according to the spinopelvic (SP) curve in sagittal
spinal alignment by defining the spinopelvic shape in 4
types®. Thus for the classification of normal variations of the
vertebrae, pelvis and sacrum in the sagittal plane,the Roussouly
classification is used®. When planning deformity treatment,
in particular, taking the 4 types of variants of the Roussouly
classification into consideration can provide useful information.
In addition, it can be useful to make recommendations to the
patients according to the sagittal anatomy of the lumbar spine.
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The aim of this study was to radiologically evaluate the sagittal
pelvis, vertebral and global SP parameters in a young adult,
asymptomatic Turkish population, to evaluate the relationships
between the pelvic parameters and the global SP parameters
and to determine variants of sagittal spinal alignment using
the Roussouly classification®.

MATERIALS AND METHODS

Power analysis was applied to calculate the minimum number
of participants for the study. The results showed that a minimum
of 170 subjects was necessary to be able to provide mean 0.05
error, 95% confidence interval (Cl), standard deviation (SD)
estimation 10 and at least 1.5 margins of error (total width 3).
Adding 10% substitute volunteers, it was deemed necessary to
examine at least 187 participants. Following the power analysis,
approval for the study was granted by the Ankara Yildirim
Beyazit University Faculty of Medicine Clinical Research Ethics
Committee (decision no: 54, dated: 05/03/2018).

The participants were selected from subjects applying for
military service who had routine radiographs taken during the
health screening. A total of 187 subjects were enrolled in the
study, then a total of 17 were excluded for various reasons;
inadequate axial radiograph in 10 cases, vertebral anomaly
determined in 4 cases,and pelvic obliquity in 3 cases. The study
was conducted between 2018-2019. Criteria for inclusion in
the study were 1) healthy voluntary adult aged 17-40 years,
2) no clinical or radiological spinal, pelvic, or hip pathology, 3)
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no lower limb length discrepancy, 4) no back pain, leg pain or
arm pain thought to be related to the spine in the anamnesis
in the anamnesis, 5) both femoral heads visible on the lateral
radiograph, 6) no vertebral anomaly, 7) no contra-indication for
the taking of radiographs, 8) Body mass index (BMI) <30.
Informed consent was obtained from all the participants.
A record was made for each patient of demographic data
including age, gender, height, weight and BMI.

For all the subjects, the radiographic protocol applied as a
standard 90x35 cm anteroposterior and left lateral radiograph
including the whole spine from the occipital condyles to the
sacrum, taken vertically at a distance of 2 metres from the
radiography tube onto a single cassette. The radiographs were
taken in the comfortable position described by Faro and Horton
to minimise postural changes in the sagittal plane®®. The
subjects were instructed to stand with the knees and hips in
full extension, shoulders at 90° and elbows in full flexion with
the hands on the shoulders.

The measurements were taken by an experienced spine surgeon
using Surgimap software vn 2.2.15.5 (Surgimap; Nemaris Inc.,
New York,USA).Previous sagittal spinal alignment measurement
studies made with Surgimap were used for reference.
This computer-assisted sagittal alignment measurement is
extremely fast and sensitive, is acceptable in the determination
of reference points and has inter and intra-observer reliability®.
To evaluate the sagittal vertebral, pelvis and global SP
parameters, measurements were taken of the sagittal vertical
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Figure 1. The measurements were made on the Surgimap software, in a; PT, PI, SS, L1-L4, PI-LL and in b; PT and PI
PT: Pelvic tilt, PI: Pelvic incidence, SS: Sacral slope, LL: Lumbar lordosis, T1SPi: T1 spino pelvic inclination, SVA: Sagittal vertical axis
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axis (SVA), the T1 slope, T1SP inclination (T1SPi), TK, LL, pelvic
tilt,sacral slope (SS),and pelvicincidence (Pl) (Figure 1). Patients
were classified according to the Roussouly classification system
to classify normal variations of the vertebrae, pelvis and sacrum
in the sagittal plane®. In the Roussouly classification system,
type 1 and type 2 are characterized by low-grade SS and low-
grade Pl and differ from each other by the number of lordotic
vertebrae. Type 3 has high-grade SS and high-grade Pl,whereas
type 4 is defined as the type with the largest SS in combination
with high-grade PI®.

Statistical Analysis

Data obtained in the study were analysed statistically using
SPSS for Windows vn. 21.0 software (IBM Corpn, Armonk, NY,
USA). To obtain a 95% Cl in the R program,“DescTools” package
was used, and “ggpubr” package in the drawing of the scatter
pilot?®, Conformity of the variables to normal distribution
was examined with the Shapiro-Wilks test. The Independent
Samples t-test was used in the comparisons of mean values
obtained from the Turkish population and mean values obtained
in other studies®?, Quantitative variables were stated as mean
% SD, median, minimum and maximum values, and a 95% Cl
was used in the relationships of each pair of measurements.
Categorical variables were stated as number (n) and percentage
(%). A value of p<0.05 was accepted as statistically significant.
Correlations between Pl and LL, sagittal vertebral axis, and

T1SPi were examined with the Spearman rho correlation test.
The correlation coefficients were interpreted as 0.00-0.19=no
correlation or at a negligible level, 0.20-0.39=weak correlation,
0.40-0.69=moderate correlation, 0.70-0.89=strong correlation,
and 0.90-1.00=very strong correlation®?,

RESULTS

The 170 subjects evaluated in the study comprised 137 (80.6%)
males and 33 (19.4%) females with a mean age of 24.1+4.9
years (range, 17-39 years). According to the BMI classification,
5 (3.0%) subjects were underweight (BMI <18.5 kg/m?), 132
(77.6%) were of normal weight and 33 (19.4%) were overweight.
The distribution of the subjects according to the Roussouly
classification, is shown in Table 1.

The descriptive statistics of the variables examined in the study
are shown in Table 2.

A weak negative correlation was determined between PI
and T1SPi (rho= -0.256; p=0.001). A statistically significant
weak positive correlation was determined between Pl and LL
(rho=0.315) (Figure 2). No statistically significant correlation
was determined between T1SPi and SVA (p=0.830). There was
no statistical correlation between height-weight and measured
parameters.

Table 1. Distribution of the subjects in different studies according to the Roussouly classification

Roussouly classification Current study (%) Roussouly et al.* Cho®*» Araujo et al.1®
1 15.9 12 23 4.9

2 32.3 22 131 313

3 34.7 30 49.6 423

4 17.1 20 143 21.5

Table 2. Descriptive statistics of the variables examined

pallbes SUI X Qe ?oflz/zrc:i:;oi;;n;?z::limit MEED S ?oiv‘y:rcllirf:irt;n;apr;r limit
Age (years) 17; 39 23.0 22; 24 24.1%49 23.3;24.8
Height (cm) 153; 195 175.0 174; 176 175.1#6.8 174.1;176.1
Weight (kg) 40; 97 70.0 69;72 70.1%9.5 68.7;71.6

BMI (kg/m?) 17.1;27.5 22.7 22.1;23.3 22.8+2.2 22.5;23.1

SVA -13.7; 8.6 3.5 3.1;4.0 2.7+3.8 2.1;33

T1 Slope -3.0; 40.4 12.1 11.2;13.2 13.5¢7.5 12.4;14.6

TK 10.7; 54.3 29.3 27.5;324 29.6%9.8 28.1;31.1

LL 4.0; 87.2 479 45.5;51.2 49.7£12.2 47.9;51.5

PT -9.0; 35.3 12.3 10.9; 134 11.6%7.3 10.4;12.7

Pl 2.7;79.1 43.9 43.2;45.5 45.1£12.4 43.2;47.0

SS 11.7;62.9 35.6 33.2;38.7 36.2%8.5 34.9; 37.5

T1SPi -55.0; 15.2 -6.0 -6.7;-5.5 -6.3%7.5 -7.4;-5.2

Cl: Confidence interval, SD: Standard deviation, BMI: Body mass index, SVA: Sagittal vertical axis, TK: Thoracic kyphosis, LL: Lumbar lordosis, PT: Pelvic
tilt, Pl: Pelvic incidence, SS: Sacral slope, T1SPi: T1 spino pelvic inclination
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Figure 2. Scatter plot graph showing correlations between abso-
lute Pl and T1SPi, and absolute LL and SVA: a) T1SPi-absolute
Pl; r=0.256, p<0.001 b) LL-absolute PI; r=0.315, p<0.001 c) SVA-
absolute PI; r= -0.125 p>0.001 d) TK-absolute LL PI; r= -0.12,
p=0.11

Pl: Pelvic incidence, T1SPi: T1 spino pelvic inclination, LL: Lumbar lordosis,
SVA: Sagittal vertical axis, TK: Thoracic kyphosis, PT: Pelvic tilt, SS: Sacral
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DISCUSSION

The aim of this study was to present the relationships of sagittal
spinal radiographic parameters with some sagittal radiological
values in a young adult Turkish population. By determining
the normal distribution of these parameters, abnormal
sagittal parameters will be able to be diagnosed. This is of
importance as incompatibility in this plane can lead to spinal
deformation and decreased quality of life. This is the first study
to have presented normative sagittal radiological parameters
in the Turkish population. In literature, there can be seen to
be an extremely wide range of distribution of the sagittal SP
parameters. This is because a great many factors affect these
values. For example, in the current study subjects, the TK angle
ranged from 10° to 54° (mean 30°),and the lordosis angle from
4° to 87° (mean 49°). In a study of asymptomatic subjects aged
>40 years, Gelb et al.*” reported the TK angle as mean 34°,and
LL angle as means 64°", In that study, no relationship was
determined between height-weight and measured parameters,
as in the current study.

Stagnara et al.®® found the TK angle to be mean 37°, and the
LL angle to be mean 50° in a study of 100 subjects in France.
As the range of these values is very wide, the mean values of
the normal kyphotic and lordotic curves are meaningless, and
Stagnara et al.®® emphasised the importance of determining the
normal range®®. Factors affecting these parameters in healthy
individuals include BMI, age, race, genetic and environmental
factors. When the results of the current study are compared
with those of other studies, it can be seen that the findings
are closer to those of studies conducted on Far East Asian
populations, such as in Japan, Korea and China (Figure 3).

l 1”" i " ‘ n" " H"‘

Pelvic_PT Pelvic PI Pelvic SS

M Vialle et al. (19) Mac-Thiong et al. (20)

Wi eeetal (23) BZhuetal. (24)

Figure 3. The mean = SD values of the TK, lordotic angle (L), PT, Pl and SS variables obtained from the current study and previous studies.
*: p<0.05 as a result of comparisons with the values obtained from the current study

SD: Standard deviation, TK: Thoracic kyphosis, PT: Pelvic tilt, PI: Pelvic incidence, SS: Sacral slope
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When compared with studies conducted in Europe and the USA,
there can be seen to be a more significant statistical difference
between sagittal parameters (Figure 2). When the TK is
examined, while there was no significant difference with Asian
populations, there was found to be a significant difference in
the studies of European and American populations. In respect
of the Pl value, the current study values were closer to those
of Asian populations. Although these studies were conducted
on healthy individuals, the differences in demographic
characteristics such as BMI, age, and male/female ratio limit
the comparisons with these studies.

Common variations of lumbar sagittal alignment of the spine
are classified in the Roussouly classification®®, By refining the
previously existing anatomic segmentation of L1-S1 LL, the
concept of short and long LL was established®®. The lumbar
spine was separated into 4 according to the anatomic shape
in the sagittal plane. Understanding the variation patterns in
sagittal alignment reveals the relationship between sagittal
balance and degenerative changes. It can also be important to
bear in mind that there could be a need for different sagittal
alignment when planning the operations necessary to recover
sagittal alignment in patients with spinal pathology. In other
words, it can be said that the same sagittal curve should not be
given to all patients. Furthermore, specific recommendations
can be made according to the LL type in patients with LL
classified at an older age.As seen in Table 1 of the current study
and other studies, the highest rate was the neutral postural
position (Type 3). In the Roussouly study, it was stated that type
3 was the average spine shape, and it was not characterised
by specific degeneration of the spine®>?9, In the current study,
type 3 was followed by type 2 (flat lordosis). As there is greater
pressure on the discs in type 2, this has been associated with
early disc degeneration and subsequent multi-level central
discopathies®?’29,

The high pressure formed on the spine by activities and sports
in individuals with type 2 LL can accelerate the discopathy
mechanical process?’-*% Therefore,even before the degenerative
process develops, patients with type 2 LL should be advised not
to undertake activities which can cause pressure on the spine.
In the current study, type 4 LL was determined at the rate of
17%.Type 4 LL is known to be associated with L5 facet arthritis,
a narrow canal and spondylolisthesis®. In these individuals,
recommendations of isometric strengthening or flexion
exercises may be of benefit in preventing spondylolisthesis®*.
Type 1 LL was determined at the lowest rate in the current
study. In this group, retrolisthesis may develop between
thoracolumbar kyphosis and the LL region®”. Facet arthrosis L5
spondylolysis may be seen in the hyperlordotic area®”. Flexion
and strengthening exercises can be recommended again for
this group to prevent the development of spondylolisthesis®Y.
As in several previous studies in literature, a significant positive
correlation was found in the current study between LL and
P1?62) No significant correlation was determined between PI

and SVA. No relationship was found between Pl and SVA in
a study by Endo et al.?Y While there are some studies in the
literature showing a relationship between Pl and SVA, no study
could be found which showed a relationship between Pl and
T1SPi. In the current study, a weak negative correlation was
determined between Pl and T1 SPi, showing global sagittal
balance. T1SPi represents the angular relationship in the
sagittal plane of the centre of both femoral heads with thoracic
1 spine®), Pl represents the angular relationship in the sagittal
plane of the centre of the two femoral heads according to the
sacrum and is a morphologically stable parameter®>,

In previous studies, the T1SPi normal values have been
reported as 7°-29°®3), Bakouny et al.®? reported these values as
-5.5°%2.6". In the current study, the normal values were found
to be-6.3°%7.5". As Pl increases, so LL and TK together increase.
There are compensation mechanisms of the pelvis shape to be
able to provide global sagittal balance. Thus, the global sagittal
balance can be held within a certain range®3?, In the current
study, with the negative correlation between T1SPi and PI, it
can be said that as Pl increased, the global sagittal balance
was compensated in a narrower range, and as Pl decreased, the
normal values of the sagittal balance were in a wider range.
When Pl decreases, the spine takes on a flatter shape in the
sagittal plane, and as PI increases, the spine in the sagittal
plane becomes more angular®3%, This can be evaluated as
global sagittal balance in a wider range in a flatter spine,and a
narrower range of global sagittal balance in a more angulated
spine. However, there is a need for further studies to support
this view.

CONCLUSION

In this study, 185 asymptomatic young adult Turkish population
were evaluated in respect of some pelvic angles and the
standard physiological ranges of spinal parameters defining
spinal balance, and the ratios were determined of the types
seen in the Roussouly sagittal morphological classification.
The results showed a negative correlation between T1SPi
and Pl. When comparisons were made with studies of other
populations, the sagittal values of the Turkish population were
observed to be closer to those of Asian populations.
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