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Abstract: Background: The correction of malposition according to vertebral fractures is difficult
because the alignment at the time before the fracture is unclear. Therefore, we investigate whether the
spinal alignment can be determined by the spino-pelvic parameters. Methods: Pelvic incidence (PI),
pelvic tilt (PT), sacral slope (SS), adjacent endplate angles (EPA), age, sex, body weight, body size,
BMI, and age were used to predict mono- and bisegmental EPA (mEPA, bEPA) in the supine position
using linear regression models. This study was approved by the Ethics Committee of the Medical
Association of Saxony-Anhalt Germany on 20 August 2020, under number 46/20. Results: Using
data from 287 patients, the prediction showed R? from 0.092 up to 0.972. The adjacent cranial and
caudal EPA showed by far the most frequently significance in the prediction of all parameters used.
Anthropometric and spino-pelvic parameters showed sparse impact, which was frequently in the
lower lumbar regions. On average, a very good prediction was found. For two mEPA (L3/4R? =0.914,
L4/5R? =0.953) and two bEPA (L3 R? = 0.899, L4 R? = 0.972), the R? was >0.8. However, the predicted
EPA differed for individual patients, even in these very effective prediction models—roughly around
+10° as compared to the measured EPA. Conclusions: In general, the prediction showed good to
perfect results. In the supine position, the spinopelvic and anthropometric parameters show sparse
impact on the prediction of mEPA or bEPA.

Keywords: spinal alignment; sagittal profile; mono-segmental EPA; bi-segmental EPA

1. Introduction

Approximately 80% of spinal fractures are located in the lumbar or thoracic sections
of the spine, of which 50% are located at the thoracolumbar junction (Th11-L2) [1,2].
Spine fractures can lead to a malalignment, and thus to kyphotic deformity of the spine.
When surgical therapy is indicated, one of the surgeon’s goals is to correct the fracture-
related malalignment. Achieving the former spinal alignment may be important to avoid
static misload and, inter alia, the consequent development of pain. The goal of restoring
the physiological spinal alignment can be difficult to achieve due to missing pre-trauma
radiological images of the patient’s spine.

There are efforts and investigations to elucidate the sagittal profile of the spine using
pelvic parameters [3-5]. The most important parameters are: pelvic incidence (PI), pelvic
tilt (PT), and sacral slope (SS). These were primarily determined using X-rays in a standing
position [6-8]. Correlations between spino-pelvic parameters and lumbar lordosis, as well
as between age and the spino-pelvic parameters, could be found [4,9,10].
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However, it is unclear whether there is a relationship between the sagittal spine profile
and the pelvic parameters, even in the supine position, and whether the pelvic parameters
are suitable for estimating the sagittal spine segment angles.

Therefore, the aim of this study is to investigate whether the spinal alignment, captured
by the mono- and bi-segmental sagittal Cobb angles, can be determined by the spino-pelvic
parameters and the Cobb angles of the adjacent segments.

2. Materials and Methods

This study is a retrospective analysis of cross-sectional data, and it was conducted in
accordance with the Declaration of Helsinki and approved by the Ethics Committee of the
Medical Association of Saxony-Anhalt Germany on 20 August 2020, under number 46/20.
Initially, polytrauma CT scans of 1826 patients were examined and evaluated for suitability
according to the inclusion and exclusion criteria. The CT images were acquired using the
Aquilion PRIME (Canon medical systems Europe) in the supine position. Included in this
study were patients with intact spine, pelvis and femur. Patients under 18 years old, with
spine deformity or spondylolisthesis with a Meyerding grade greater than 1 [11]; spine,
pelvic, or femur fracture, or previous spinal surgery, were excluded, leading to a sample
size of 287 patients.

2.1. Parameters

The following spino-pelvic parameters were determined in the CT images: pelvic
incidence (PI), pelvic tilt (PT), and sacral slope (SS). The spino-pelvic parameters were
measured according to the specifications of Roussouly et al. and Le Huec et al. [3,4].

The PI was measured as the angle between the line perpendicular to the midpoint of
the cranial endplate of the sacrum (white dotted line in Figure 1) and the line connecting
the midpoint of the sacral plate to the center of one femoral head (red /white dotted line).
The PT was measured between the line connecting the midpoint of the cranial endplate of
the sacrum to the center of one femoral head and the coronal plane (red solid line). Thus,
the PI describes the inclination of the sacrum in relation to the femur head, and the PT
indicates the inclination of the sacrum in relation to the body plumb line, which is usually
used in the standing position. The SS was measured as the angle between the midpoint
of the cranial endplate of the sacrum and the body’s transversal plane (black bold lines in
Figure 1). The transversal plane stands perpendicular to the body plumb line. For a better
understanding, Figure 1 shows how the measurement of the spino-pelvic parameters was
carried out.

In addition to the spino-pelvic parameters, the sagittal vertebral Cobb angles between
the cranial and caudal endplates were mono-segmentally (mEPA) measured for each
segment from Th8/Th9 to L4/L5 and bi-segmentally (bEPA) for the segments of Th8 to L4,
respectively. The mEPA is the angle between the cranial endplate of the cranial vertebra
and the caudal endplate of the caudal vertebra of the segment. The bEPA is the angle
between the cranial endplate of the nearest cranial vertebra and the caudal endplate of
the adjacent caudal vertebra (e.g., bEPA Th12 represents the angle between the cranial
endplate Th1l and the caudal endplate L1). However, the procedure for the prediction
of the caudal segments of the lumbar spine L3/5, L4/5 (mEPA) and L3, L4 (bEPA) were
different due to the issue that no complete mEPA or bEPA could be measured as described
above. Therefore, the segment angles of L4/S1 and L5/5S1 were used as caudal segments
for the prediction and were measured between the cranial endplates of L4 or L5 and S1,
respectively.

Lordotic angles are described by positive values and kyphotic angles by negative values.
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Figure 1. Measurement of the spino-pelvic parameters. The head of both femurs (grey circles) and
their mean is marked with a white/red circle. A horizontal red solid line is drawn crossing the mean
of the femur heads. The cranial endplate of the first sacral vertebra is highlighted with a white solid
line. The pelvic tilt (PT) was measured as the angle between the red horizontal line and the white/red
dotted line between the mean of the femur heads and the center of the cranial endplate of S1. The
angle of the pelvic incidence (PI) was measured as the angle between the white/red dotted line
between the mean of the femur heads and the center of the cranial endplate of S1, perpendicular to the
midpoint of the cranial endplate of S1 (white dotted line). The sacral slope (SS) was measured as the
angle between the cranial endplate of S1 perpendicular to the horizontal red solid line, highlighted
with black solid lines.

2.2. Statistical Analyses

To identify differences between older and younger patients, the cohort was divided in
older and younger patients, according to the median age. Differences regarding each mEPA
and bEPA between the age groups were examined using a linear general model for repeated
measures. The mEPA and bEPA of the segments were used for repeated measurements.
The impact of sex, body weight, body size, BMI, and spino-pelvic parameters (PT, PI, and
SS) on the segmental angles were adjusted by using them as covariates. Differences in
spino-pelvic parameters were examined using a multivariate general linear model. Sex,
body weight, body size, and BMI were used as covariates. Sex was coded with 1 for men
and 2 for women.

The results of the Bonferroni-Holm post hoc pairwise comparison between the younger
and older group regarding mEPA and bEPA for each segment, as well as the spino-pelvic
parameters, are reported as means, standard deviation (sd), lower and upper limit (LL, UL)
of 0.95 confidence interval (CI), and minima and maxima (min, max).

To predict the mono- and bisegmental angles from Th9/10 to L4/5 (mEPA) and Th10
and L4 (bEPA), linear regression models were used for each segmental level, respectively.

For the prediction of mEPA, the adjacent cranial and caudal segments were chosen in
the following way. For example, if the mEPA of Th10/11 is the focus for the prediction, it
can be predicted using Th8/9 and Th11/12, or using Th9/10 and Th12/L1 as the cranial
and caudal segments, respectively. In other words, Th8/9 and Th11/12 can be used as
the adjacent mEPA for the prediction of the mEPA of Th9/10 and Th10/11, respectively.
Figure 2 shows an exemplary overview of the EPA used for the prediction. In addition to the
adjacent EPS, the following variables were used in the regression model: the spino-pelvic
parameters (PT, PI, and SS), age, sex, body weight, body size, and BMI.
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Figure 2. Schematic and exemplary representation of the measured (light grey) and the predicted
(dark gray) monosegmental (mEPA) and bisegmental endplate angles (bEPA). The EPAs were mea-
sured as the enclosing angles of the cranial endplate of the cranial vertebra and the caudal endplate of
the caudal vertebra. With one exception at S1 (first vertebra of the sacrum), here the cranial endplate
was used as the caudal end of the EPA. The further cranial and caudal EPAs are shown as examples.
The setup was chosen to predict the EPA in fractures of single vertebrae from Th10 to L4. The second
example for bEPA, predicting L3, uses the bEPA of L1 and the EPA of the cranial endplates of L4
and S1. Predicting the bEPA of L4, the bEPA of L2 and the EPA of the cranial endplates of L5 and S1
were used.

In an iterative process, the dependent variables were successively reduced to such an
extent that all variables ultimately used in the regression model showed significance.

Corrected R? was used to assess model quality of the linear regression. Model quality
with an R? greater than or equal to 0.8 was set to define the prediction as valid. Predictions
of valid EPA were subsequently compared with the measured EPA, using difference plots.
Therefore, the measured EPAs were used, and the difference between the predicted and the
measured EPAs was calculated. The limits of agreement were set using a 1.96-fold standard
deviation of the differences between both methods. Linear regression lines were fitted to
this data in order to reveal the tendency impact, depending on the values. SPSS V.28 (IBM
Corp. Released 2021. IBM SPSS Statistics for Windows, Armonk, NY, USA: IBM Corp) was
used for statistical analyses, with p = 0.05.

3. Results

In total, the data of 208 male and 79 female adults were be included in this study.
Due to the median split (40 years), a group of 143 younger adults (28 & 6 years, range:
18-39 years) and a group of 144 older adults (56 & 10 years, range: 40-87 years) was
generated.

The younger group included significantly more males (79%, male/female: 113/90)
compared to the older group (66%, male/female: 95/49, p = 0.017).

In general, no differences could be found for mEPA between the younger and older
group (p = 0.302). The mEPA differed significant between the segmental levels (p < 0.001),
except between L4/L5 and L5/S1 (p = 0.121), Th12/L1 and Th8/9 (p = 1.000), Th9/10
(p = 0.660), Th10/11 (p = 1.000), between Th11/12 and Th8/9 (p = 1.000), and between
Th10/11 and Th8/9 (p = 1.000). The covariates showed a significant effect for sex (p < 0.001),
PT (p = 0.015), and SS (p = 0.009). Body weight (p = 0.584), body size (p = 0.389), BMI
(p =0.509), and PI (p = 0.051) showed no significant effect.

For the bEPA, similar results can be found for the main effects regarding age group
(p =0.469) and the segments (p < 0.001). No significant differences in bEPA could be
found between Th10, Th1l, and Th12 (p > 0.535). Sex was the only covariate which
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showed significance (p = 0.001). The other covariates showed no significance (body weight:
p = 0.483, body size: p = 0.414, BMLIL: p = 0.470, PI: p = 0.131, PT: p = 0.236, SS: p = 0.113).
The multivariate general linear model showed no differences between age groups for
PT (p =0.188), PI (p = 0.725), and SS (p = 0.121). The covariates showed no significant effects
on spino-pelvic parameters (sex: p > 0.205, body weight: p > 0.233, body size: p > 0.121, and
BMLI: p > 0.282). Descriptive data for mEPA, bEPA, the spino-pelvic parameters, and the
results of the pairwise comparison of the younger and older group are given in Table 1.

Table 1. Angles of thoraco-lumbar mono- and bisegmental EPA and spino-pelvic parameters (PT:
pelvic tilt, PI: pelvic incidence, SS: sacral slope) of younger and older adults. Data are given as mean
and standard deviation, the lower (LL) and upper limits (UL) of the 95% confidence interval (CI),
minimum and maximum, and p-value of pairwise comparison.

Younger than 40 Years (N = 143) 40 Years and Older (N = 144)

Mean + Sd 0.95 CI (LL UL) Min Max Mean + Sd 0.95CI(LLUL)  Min Max p Value
Th8/9 —43+43 (—5.0 =3.5) —24 3 —-5.0+42 (—5.6 —4.3) —-15 4 0.164
Th9/10 —28+42 (—35-21) -18 6 -3.0£39 (=37 —2.4) -13 8 0.607
E  Thi10/11 —45+38 (=5.1-3.9) —16 5 —4.2+4.0 (—4.9 -3.6) -17 7 0.510
§ Thil/12 —53+£40 (—5.9 —4.6) -17 5 —54+£47 (—6.1 —4.6) —-16 6 0.842
§D Th12/L1 —44+45 (=5.1-3.6) —16 12 —34+46 (—4.1-26) —13 11 0.058
% L1/L2 -1.3+49 (—2.1-0.5) —16 13 —-03+52 (—1.20.5) -1 13 0.102
g L2/3 41+£51 (3.24.9) —6 21 50+49 (4.25.8) -8 19 0.120
& L3/4 103 £5.5 (9411.2) —4 26 10.4 £5.6 (9.511.4) -2 27 0.877
L4/L5 224467 (21.323.5) 6 45 21.8 £6.2 (20.8 22.8) 6 38 0.389
L5/S1 239 £6.0 (22.9 24.9) 6 50 23.7 £69 (22.6 24.9) 0 49 0.814
Th10 —6.0£48 (—6.8 —=5.2) -21 5 —6.1+£49 (—6.9 -5.3) -17 7 0.866
— Thil —6.7 £ 4.7 (=75 -6.0) —23 6 —6.6 £5.4 (=7.5-5.7) —22 5 0.856
-*E Th12 —6.7£54 (—7.6 —5.8) -21 11 —62+£57 (—=72-5.3) -19 11 0.489
g L1 —23+6.0 (=33 -14) —16 16 -1.2+63 (=22 -0.1) —14 18 0.101
&b L2 41470 (295.2) —-10 27 6.0£70 (4.87.1) —-10 27 0.024
& L3 1424738 (129 15.5) -9 41 156 +7.9 (14.316.9) 0 41 0.144
L4 30.7 £9.1 (29.232.2) 11 52 309 £82 (29.6 32.3) 8 51 0.837
PT 8.8+6.8 (7.79.9) -7 29 10.0 £ 6.0 (9.011.0) —4 26 0.116
PI 50.5 £11.0 (48.7 52.3) 27 86 52.7 £10.6 (50.9 54.4) 28 86 0.092
SS 419+ 8.0 (40.6 43.3) 21 71 2777 (41.5 44) 18 73 0.390

Using the iterative process to reduce the number of variables to predict mEPAs using
the linear regression with only significant variables led to the exclusion of body weight,
body size, BMI, and SS. None of these showed a significant impact on explaining the
variance. The coefficients and the model quality of the logistic regression are shown in
Table 2. The adjacent mEPA used showed the most frequent impact on the prediction. The
model quality for mEPA prediction ranged from R? 0.092 (L2/3) up to 0.953 (L4/5). Valid
model quality (R? > 0.8) was reached for the prediction of L3/4 (using L1/2 and L4/5
R? = 0.867, using L2/3 and L5/S1 R? = 0.914) and L4/5 (R? = 0.953). The closest prediction,
which failed the validity threshold of 0.8, was L2/3, with an R2 of 0.712.

It can be observed that when predicting the mEPA, for nearly every case, the cranial
and caudal mEPA had a significant impact. Age showed significance in just two cases, and
seemed to have a low impact. Only in the caudal segments of the spine (L3/4 and L4/5),
sex, PT, and PI showed significant impacts.

For bEPA the body weight and BMI showed no significant impact on the prediction.
The adjacent bEPA showed the most frequently significant impact. The model quality
ranged from 0.294 (L1) up to 0.972 (L4). The prediction of L3 (R? = 0.899) and L4 (R? = 0.962)
met the validity criteria of R> > 0.8. For both predictions, the adjacent caudal bEPA showed
significance, while the cranial bEPA did not.
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Table 2. Results of the linear regression model for the prediction of mono- and bisegmental endplate
angles (mEPA, bEPA). The explained variance (R?) and the significant coefficients (ExpB) for the
parameters used are given. Sex was coded as 1 for men and 2 for women.

EPA Used ExpB
Predicted Cranial Caudal R? Cranial Caudal Age Sex Body Size PT PI SS
Th9/10  Th8/9  Thll/12 0568 05974
Th10/11 Th8/9  Thll/12 0.645 03344 047247
Th10/11 Th9/10 Th12/L1 0578  0.6984  0.3454
Th11/12 Th9/10 Thi2/L1 0.626 04194  0.760 4
= Thll/12 Th10/11 L1/2 0581 08674 02324
£ Thi2/L1 Th10/11  L1/2 0523 04854  0.6134
Eo Th12/L1 Th11/12  L2/3 0576  0.6344 02294 —0.028 B
& 11/2  Thil/12  L2/3 0.295  0.4047 04574
g L1/2 Th12/L1  L3/4 0425 06614 01814
& L2/3 Thi2/L1 13/4 0712 02454 05394
L2/3 L1/2 L4/5 0.092 04054
L3/4 L1/2 L4/5 0.867 02154 03674 0.050 B
L3/4 L2/3 L5/S1 0914 04264 —02954  —0.033B 27184 —0.3934 03324
1L4/5 L2/3 L5/S1 0.953 —0.3164 47454 —0.7294 05884
Th10 Th8 Th12 0.696 04924 02334
~ Thll Th9 L1 0548  0.6984 04364
< Thi2 Th10 L2 0413 08674 02584
g L1 Thil L3 0294 03204 03704 —0.029 4
S ) Th12 L4 0.611 03354 02364 0.054 B —0.0754 0.255 A
B L3 L1 L4/S1 0.899 —0.576 A 5.005 A —0.047 A —0.6484 05338 04148
L4 L2 L5/S1 0.972 —0.6114 6.135 A —1.1404 09334

A1 p<0.001. B: p < 0.05.

For L3 and L4, an excellent model quality could be found with results of 0.899 and
0.972. In contrast to the mEPA, the predicted bEPA showed significant consideration of
body height and SS. For both, predicting mEPA and bEPA for L3 and L4, sex showed
a significant impact. However, the spino-pelvic parameters showed significance for the
prediction of mEPA in just 5 of 42 possible cases (12%) and for the prediction of bEPA,
significance was shown in only 6 of 21 possible cases (29%), respectively.

A visual comparison of the predicted (with model quality R?> > 0.8) and the measured
mEPA (L3/4 and L4/5) and bEPA (L3 and L4), shown as difference plots, is given in
Figure 3. For all five predictions, the mean difference is close to zero, which is considered
perfect. Nonetheless, the limits of agreement span over a considerable area of roughly +10°.
The linear regression showed a significant trend for each prediction, but with varying
degrees. The linear regression of bEPA L4 was very low, with an R? of 0.07. However, the
direction of the general trend of the linear regression is comparable in each figure, showing
a positive trend. Visually, the scatter clouds show that the variability of the prediction
seems not to be dependent on the value of the predicted EPA.
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Figure 3. Difference plots of the measured mEPA ((A): L3/4, (B): L3/4, (C): L4/5) and bEPA ((D): L3,
(E): L4) and their difference from the predicted monosegmental (mEPA) and bisegmental endplate
angles (bEPA), respectively. Horizontal lines are the limits of agreement (black) and the mean
difference (red); dotted and dashed lines are the regression line and their 0.95% confidence intervals.
To detect the dependency of differences between measured and predicted angles, R? is given in the
upper right corner of each plot.

4. Discussion

The aim of this study was to investigate if spinal segment angles of the thoraco-lumbar
and lumbar spine can be sufficiently predicted using spino-pelvic parameters. In general,
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the predictions showed good to perfect results. However, this only applies to the general-
ization of our results. Limiting the threshold of the model, as we have done with a model
quality greater than 0.8, resulted in only two or three predictions being supported, depend-
ing on whether mono- or bisegmental angles were predicted, respectively. Surprisingly,
the spino-pelvic parameters had little influence on the predictions, with the only effect
found in the lumbar region. The measurement of the cranial endplate of S1 is mandatory to
determine spino-pelvic parameters. In other words, segments that are directly related to
S1 are the most likely to be influenced by the orientation of the S1 cranial endplate, which
could have a direct effect in this study. Here, the orientation of the sacrum, respectively 51,
seems to have direct impact on the segment angles in the lower lumbar segments. Segments
that are more cranial seem to be influenced indirectly by the pelvic alignment.

In several studies, PI was found to be the key factor in sagittal balance [8,10,12,13]. In
our study, regarding the prediction of single segmental angles, the PI shows significance
only in the caudal region of the lumbar spine. The studies mainly examine the influence of
the spino-pelvic parameters on the general alignment, i.e., on the thoracic kyphosis and/or
lumbar lordosis. The prediction of lumbar lordosis based on spino-pelvic parameters has
previously been shown in two studies [8,14]. In addition, in these studies, the parameters
are determined in the standing position. There is no consideration of their influence on
individual the segment angles.

As for the PI, only a rare impact of the PT in the segmental angles was found. Sig-
nificance was found for the last two segments of the lumbar spine (mEPA and bEPA),
with negative coefficients found for PT and positive coefficients for PI, respectively. The
coefficients, and thus, the actual impact on the prediction, is distinctly stronger for the PT
than for the PL

For the PI, the influence on the spinal profile, and thus, on these segments, is easy to
imagine. The more the sacrum is tilted, the greater the PI, the greater the lordosis, and thus,
the larger the individual segment angles. The less tilted it is, the more it is parallel to the
horizontal plane in supine position.

Regarding the geometric similarity for the PT, the more the pelvis is retro verted, the
higher the PI and the more pronounced the lordosis.

Our data and analyses indicate that the closer the segments are located to the sacrum,
the stronger the impact of the PT and the PI on the segment angles. In the cranial segments
of the spine, their influence seems to completely disappear. For the SS, we would have
assumed a similar relationship, compared to the PT and PI. However, no significant impact
on the prediction can be determined for the monosegmental segments.

We assume that the influence of the three spino-pelvic parameters and their effects
interact and thus, cannot be reduced at a one-dimensional level. Additionally, other
variables, including the position in which the parameters are determined, may interact and
affect the segmental angles [15].

In our prediction, we considered body weight, height, and BMI as anthropometric.
However, none of these variables were found to affect the segment angles in the supine
position.

The body weight, and thus, the BMI, have an effect on the spino-pelvic alignment in
the standing position [16-18]; however, their impact on segment angles was not examined
here. Therefore, it is unclear whether their impact on the individual segment angles exists
in the standing position, or whether the supine position is the reason for the disappearance
of this impact. Of course, it may be that the effect on the individual segment angles is quite
small, and that this effect only becomes apparent when considering the thoracic kyphosis
or lumbar lordosis.

Age and gender show only a rare significance. These findings affect the predictions of
the mEPA and bEPA in a comparable manner.

In investigating the effect of age on the spino-pelvic parameters, no differences could
be found between age groups. Various authors have so far, been able to demonstrate age
effects on the spino-pelvic parameters [9,12,17,19].
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Different authors have been able to show differences between men and women with
regard to the spino-pelvic parameters in the standing position [13,17,20]. Our study is
based on data collected from patients in the supine position. We suggest that this is the
main reason that we did not find comparable results. However, our surgeons assessed the
extent of fracture reduction in the patient in CT images collected in the supine position.

Naturally, effects of positional changes—standing versus supine—are to be expected.
Radiological diagnosis is also possible in the standing position, but this is not possible for
every patient, depending on the injury. Additionally, not every hospital has the technical
equipment for this type of diagnostic method.

It would be interesting to investigate the prediction of mEPA and bEPA for a popu-
lation in which radiological diagnostics were performed in both a standing and a supine
position in order to compare the results of both predictions. Nevertheless, the considera-
tion of spino-pelvic parameters in fracture correction is recommended [21]. Furthermore,
the spino-pelvic parameters also show an impact on the patient’s quality of life [9], and
therefore, should be of particular consideration.

In this respect, the correction or non-correction of fractures not only has an impact on
the spino-pelvic alignment, but also has a secondary effect on the patient’s quality of life.

In this study, we did not examine lumbar lordosis per se. The aim of this study was
to determine valuable parameters to predict segment angles. These parameters should
not have a great deal of influence if a fracture has occurred. In a fractured spine, it can be
assumed that depending on the severity and location of the fracture, the thoracic kyphosis
or lumbar lordosis might have changed, and it is likely unclear how the fracture has affected
the other segmental angles. Differences between mEPA or bEPA in the lower lumbar region
are greater than in the more cranial segment angles, respectively. This might certainly be a
reason why there is a better prediction in the lumbar area, and why the influences of the
adjacent segment angles are greater here. In the more cranial regions, the differences in
segment angles between may be too small to differentiate between segments.

If the surgeon orientates the fracture reduction on the lumbar lordosis from S1 to the
inflection point, however, in our experience, the inflection point appears to be more cranial
when lying down than when in a standing position, which makes lumbar lordosis less
suitable as a target parameter in the supine position.

During the surgical reduction of the fracture, the avoidance of insufficient or excessive
reduction of fractures, lacking sufficient information regarding the individual physiological
profile, is also in surgical focus. With precise individual adjustment of the fracture, less
additional compensation may be necessary, resulting in better rehabilitation after surgery.
Particularly after spondylodesis and existing malalignment, unfavorable loads on the
adjacent movement segment are to be expected. Misalignments due to poor fracture
position likely diminish the success of subsequent rehabilitation and can lead to pain,
adjacent fracture, or other complications. The combination of nutritional supplements and
rehabilitation programs can reduce the patient’s pain and improve the quality of life [22].
However, spinal alignment is not the only thing that determines recovery. Even with poor
posture, the health of patients can be positively influenced by training [23].

Finally, only a few of the parameters used in this study are suitable for predicting
segment angles in general. Overall, the caudally and cranially adjacent segment angles
seems to be sufficient parameter for use in predicting the segment angles between them.
The prerequisite for this, however, is that the adjacent segments are intact. Looking closer
at our results, the predictions achieve a wide range, which is shown by the relatively large
limits of agreement in the difference plots. Regarding the mean values of the mEPA and
bEPA, plus/minus 10 degrees is too great to provide a good individual recommendation
for the scope of correction. Ultimately, further investigations must be carried out in order to
predict the segment angles in the supine position, considering the spino-pelvic parameters.
Questions also arise regarding the amount of malalignment for which the human body can
physiology compensate, as well as the way in which this compensation changes with age.



J. Pers. Med. 2022, 12, 2081 10 of 11

Author Contributions: Conceptualization, P.S. and B.W.U.; Methodology, P.S. and B.W.U.; Software,
PS.; Validation, PS. and A.].; Formal analysis, P.S.; Investigation, P.S. and A.J.; Resources, A.].;
Data curation, P.S.; Writing—original draft, P.S., A.J.,, C.G., TM. and B.W.U.; Writing—review &
editing, P.S., C.G. and B.W.U,; Visualization, P.S.; Supervision, C.G., TM., G.O.H. and B.W.U.; Project
administration, C.G. and G.O.H. All authors have read and agreed to the published version of the
manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Ethics Committee of the Medical Association of Saxony-Anhalt
Germany on 20 August 2020, under number 46/20.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data from all subjects involved and analyzed in this study are
available from the corresponding author on reasonable request.

Conflicts of Interest: The authors declare no conflict of interest. B.W. Ullrich has received research
funding from Medizintechnik Marquardt, Germany, as well as payments for lectures from B. Braun
Aesculap, Germany.

References

1.  Leucht, P; Fischer, K.; Muhr, G.; Mueller, E.J. Epidemiology of traumatic spine fractures. Injury 2009, 40, 166-172. [CrossRef]
[PubMed]

2. Maier, B,; Ploss, C.; Marzi, I. Verletzungen der thorakolumbalen Wirbelsaule. Der Orthop. 2010, 39, 247-255. [CrossRef] [PubMed]

3. Roussouly, P.; Gollogly, S.; Berthonnaud, E.; Dimnet, J. Classification of the normal variation in the sagittal alignment of the
human lumbar spine and pelvis in the standing position. Spine 2005, 30, 346-353. [CrossRef]

4. Le Huec, J.-C.; Aunoble, S.; Philippe, L.; Nicolas, P. Pelvic parameters: Origin and significance. Eur. Spine J. 2011, 20, 564-571.
[CrossRef] [PubMed]

5. Laouissat, F; Sebaaly, A.; Gehrchen, M.; Roussouly, P. Classification of normal sagittal spine alignment: Refounding the Roussouly
classification. Eur. Spine J. 2018, 27,2002-2011. [CrossRef]

6. Stagnara, P.; DE Mauroy, J.C.; Dran, G.; Gonon, G.P.; Costanzo, G.; Dimnet, J.; Pasquet, A. Reciprocal angulation of vertebral
bodies in a sagittal plane: Approach to references for the evaluation of kyphosis and lordosis. Spine 1982, 7, 335-342. [CrossRef]

7. Duval-Beaupere, G.; Schmidt, C.; Cosson, P. A Barycentremetric study of the sagittal shape of spine and pelvis: The conditions
required for an economic standing position. Ann. Biomed. Eng. 1992, 20, 451-462. [CrossRef]

8.  Legaye, J.; Duval-Beaupeére, C.; Hecquet, J.; Marty, C. Pelvic incidence: A fundamental pelvic parameter for three-dimensional
regulation of spinal sagittal curves. Eur. Spine J. 1998, 7, 99-103. [CrossRef]

9. Hasegawa, K.; Okamoto, M.; Hatsushikano, S.; Shimoda, H.; Ono, M.; Watanabe, K. Normative values of spino-pelvic sagittal
alignment, balance, age, and health-related quality of life in a cohort of healthy adult subjects. Eur. Spine J. 2016, 25, 3675-3686.
[CrossRef]

10. Zhou, S.; Xu, F; Wang, W.; Zou, D.; Sun, Z.; Li, W. Age-based normal sagittal alignment in Chinese asymptomatic adults:
Establishment of the relationships between pelvic incidence and other parameters. Eur. Spine J. 2020, 29, 396-404. [CrossRef]

11.  Meyerding, H. Spondylolisthesis. Surg. Gynecol. Obs. 1932, 54, 371-377.

12. Legaye, ]J. Influence of age and sagittal balance of the spine on the value of the pelvic incidence. Eur. Spine J. 2014, 23, 1394.
[CrossRef]

13. Asai, Y.;; Tsutsui, S.; Oka, H.; Yoshimura, N.; Hashizume, H.; Yamada, H.; Akune, T.; Muraki, S.; Matsudaira, K.; Kawaguchi, H.;
et al. Sagittal spino-pelvic alignment in adults: The Wakayama Spine Study. PLoS ONE 2017, 12, e0178697. [CrossRef]

14. Boulay, C; Tardieu, C.; Hecquet, J.; Benaim, C.; Mouilleseaux, B.; Marty, C.; Prat-Pradal, D.; Legaye, ].; Duval-Beaupére, G.;
Pélissier, J. Sagittal alignment of spine and pelvis regulated by pelvic incidence: Standard values and prediction of lordosis. Eur.
Spine J. 2006, 15, 415-422. [CrossRef]

15. Park, S.-A.; Kwak, D.-S.; Cho, H.-]J.; Min, D.-U. Changes of spinopelvic parameters in different positions. Arch. Orthop. Trauma
Surg. 2017, 137, 1223-1232. [CrossRef]

16. Romero-Vargas, S.; Zarate-Kalfépulos, B.; Otero-Camara, E.; Rosales-Olivarez, L.; Alpizar-Aguirre, A.; Morales-Hernandez, E.;
Reyes-Sanchez, A. The impact of body mass index and central obesity on the spino-pelvic parameters: A correlation study. Eur.
Spine J. 2013, 22, 878-882. [CrossRef]

17.  Zhu, Z.; Xu, L.; Zhu, F; Jiang, L.; Wang, Z.; Liu, Z.; Qian, B.P; Qiu, Y. Sagittal alignment of spine and pelvis in asymptomatic
adults: Norms in Chinese populations. Spine 2014, 39, E1-E6. [CrossRef]

18. Khan, ].M.; Basques, B.A.; Kunze, K.N.; Grewal, G.; Hong, Y.S.; Pardo, C.; Louie, PK.; Colman, M.; An, H.S. Does obesity impact

lumbar sagittal alignment and clinical outcomes after a posterior lumbar spine fusion? Eur. Spine J. 2020, 29, 340-348. [CrossRef]
[PubMed]


http://doi.org/10.1016/j.injury.2008.06.040
http://www.ncbi.nlm.nih.gov/pubmed/19233356
http://doi.org/10.1007/s00132-009-1542-3
http://www.ncbi.nlm.nih.gov/pubmed/20177878
http://doi.org/10.1097/01.brs.0000152379.54463.65
http://doi.org/10.1007/s00586-011-1940-1
http://www.ncbi.nlm.nih.gov/pubmed/21830079
http://doi.org/10.1007/s00586-017-5111-x
http://doi.org/10.1097/00007632-198207000-00003
http://doi.org/10.1007/BF02368136
http://doi.org/10.1007/s005860050038
http://doi.org/10.1007/s00586-016-4702-2
http://doi.org/10.1007/s00586-019-06178-9
http://doi.org/10.1007/s00586-014-3272-4
http://doi.org/10.1371/journal.pone.0178697
http://doi.org/10.1007/s00586-005-0984-5
http://doi.org/10.1007/s00402-017-2757-0
http://doi.org/10.1007/s00586-012-2560-0
http://doi.org/10.1097/BRS.0000000000000022
http://doi.org/10.1007/s00586-019-06094-y
http://www.ncbi.nlm.nih.gov/pubmed/31420726

J. Pers. Med. 2022, 12, 2081 11 of 11

19.

20.

21.

22.

23.

Zhu, X. Comparison of four methods for handing missing data in longitudinal data analysis through a simulation study. Open J.
Stat. 2014, 4, 933. [CrossRef]

Janssen, M.M.; Drevelle, X.; Humbert, L.; Skalli, W.; Castelein, R.M. Differences in male and female spino-pelvic alignment
in asymptomatic young adults: A three-dimensional analysis using upright low-dose digital biplanar X-rays. Spine 2009, 34,
EB826-E832. [CrossRef]

Vialle, R.; Levassor, N.; Rillardon, L.; Templier, A.; Skalli, W.; Guigui, P. Radiographic analysis of the sagittal alignment and
balance of the spine in asymptomatic subjects. J. Bone Joint Surg. Am. 2005, 87, 260-267. [CrossRef] [PubMed]

Fari, G.; Santagati, D.; Pignatelli, G.; Scacco, V.; Renna, D.; Cascarano, G.; Vendola, F,; Bianchi, EP,; Fiore, P.; Ranieri, M.; et al.
Collagen peptides, in association with vitamin C, Sodium Hyaluronate, Manganese and Copper, as Part of the Rehabilitation
Project in the Treatment of Chronic Low Back Pain. Endocr. Metab. Immune Disord. Drug. Targets 2022, 22, 108-115. [CrossRef]
[PubMed]

Notarnicola, A.; Fari, G.; Maccagnano, G.; Riondino, A.; Covelli, I.; Bianchi, EP.; Tafuri, S.; Piazzolla, A.; Moretti, B. Teenagers’
perceptions of their scoliotic curves. an observational study of comparison between sports people and non- sports people. Muscles
Ligaments Tendons J. 2019, 9, 225-235. [CrossRef]


http://doi.org/10.4236/ojs.2014.411088
http://doi.org/10.1097/BRS.0b013e3181a9fd85
http://doi.org/10.2106/JBJS.D.02043
http://www.ncbi.nlm.nih.gov/pubmed/15687145
http://doi.org/10.2174/1871530321666210210153619
http://www.ncbi.nlm.nih.gov/pubmed/33568038
http://doi.org/10.32098/mltj.02.2019.11

	Introduction 
	Materials and Methods 
	Parameters 
	Statistical Analyses 

	Results 
	Discussion 
	References

