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Abstract
Goal of the study
This study intends to develop a method of quantitative sagittal balance parameters assessment, based on a geomet-
rical model of lumbar spine and sacrum.

Methods
One hundred eight patients were divided into 2 groups. In the experimental group have been included 59 patients
with lumbar spinal stenosis on L1-5 level. Forty-nine healthy volunteers without history of any lumbar spine
pathlogy were included in the control group. All patients have been examined with supine MRI. Lumbar lordosis
has been adopted as circular arc and described either anatomical (lumbar lordosis angle), or geometrical (chord
length, circle segment height, the central angle, circle radius) parameters. Moreover, 2 sacral parameters have been
assessed for all patients: sacral slope and sacral deviation angle. Both parameters characterize sacrum disposition in
horizontal and vertical axis respectively.

Results
Significant correlation was observed between anatomical and geometrical lumbo-sacral parameters. Significant dif-
ferences between stenosis group and control group were observed in the value of the "central angle" and "sacral de-
viation" parameters. We propose additional parameters: lumbar coefficient, as ratio of the lordosis angle to the seg-
mental angle (Kl); sacral coefficient, as ratio of the sacral tilt (ST) to the sacral deviation (SD) angle (Ks); and as-
sessment modulus of the mathematical difference between sacral and lumbar coefficients has been used for deter-
mining lumbosacral balance (LSB). Statistically significant differences between main and control group have been
obtained for all described coefficients (p = 0.006, p = 0.0001, p = 0.0001, accordingly). Median of LSB value of was
0.18 and 0.34 for stenosis and control groups, accordingly.

Conclusion
Based on these results we believe that that spinal stenosis is associated with an acquired deformity that is measure-
able by the described parameters. It's possible that spinal stenosis occurs in patients with an LSB of 0.2 or less, so
this value can be predictable for its development. It may suggest that spinal stenosis is more likely to occur in pa-
tients with the spinal curvature of this type because of abnormal distribution of the spine loads. This fact may have
prognostic significance for develop vertebral column disease and evaluation of treatment results.
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Introduction
Bipedalism allowed human to achieve intellectual,
technological and social development. However,
these changes became possible with a huge morpho-
logical adaptation of the skeleton, in particular, the
lower extremities, pelvis and spine. Pelvis, in fact, is
a key element of all these transformations. It’s a free
base and is exposed to the weight of the upper por-

tion of the body as well as floor reaction force that is
transmitted through the head of hip joints. In parallel
with adaptations of the pelvis, the appearance of the
spine curvature made it possible to achieve reduction
of the stress load on the musculoligamentous struc-
tures and of the muscles contraction force required
for the sagittal alignment maintaining.1

Lumbar lordosis is a key component in the formation
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of posture in men that implicated great interest in
both clinicians and researchers for many years. De-
spite this parameter widespread using in assessment
of postural disorders, many questions related to the
measurement of lumbar lordosis, still remain unan-
swered. Many trials have demonstrated growing
recognition of functional and clinical significance of
lumbar lordosis.2-6

The wide variety of the thoracic and lumbar curves
values (50 mm spread for C7 - S1sagittal deviations
in healthy patients in upright position) have been
corresponded as accepted criteria of the sagittal bal-
ance.7,8 This fact greatly complicates the research of
the spine or the achievement of surgeons, re-
searchers, clinicians and patients’ similar purposes
in the formation of an optimal posture.9

The goal of this study – developing a method of
quantitative evaluation of the sagittal lumbosacral
balance, based on geometrical parameters of lumbar
spine and sacrum.

Materials and Methods
One hundred and eight patients divided into 2
groups have been included in the study. In the main
group 59 patients (41 women (69.5%), 18 men
(30.5%)) in mean age 58.8 years with lumbar spinal
stenosis on L1-L5 level have been included. In the
control group – 49 volunteers (37 women (75.5%), 12
men (24.5%)) in mean age 48.1 years without natural
history of spine diseases. All patients underwent
MRI in supine position.

Lumbar lordosis angle – angle of lumbar curve
wherein an upper limit of the angle is the upper end-
plate of the L1 body, lower – endplate of S1 body. A
line (c) was constructed from the upper front angle of
L1 vertebra (point A) to the the upper front angle of
S1 vertebra (point B). Pass a perpendicular (h) from
the center of the chord to the ventral surface of the
vertebral column (Figure 1). We assumed that the
line (c) to be a chord of the circle and the perpendic-
ular (h) is the height of the circle segment. Knowing
a height of the segment and a chord length then, a
circle radius (r) can be calculated by the formula:

r = (h/2)+(c2/(8h)) (1)

where r – circle radius, h – segment height, c – chord
length.

Knowing the radius of the circle, the central angle
can be calculated by the formula:

α = 2arcsin(c/(2r)) (2)

where α – central angle, c – chord length, r – circle
radius.

Then, a circle arc length can be calculated by formu-
la:

L = αr (3)

where L – circle arc length, α – central angle, r – cir-
cle radius.

Figure 1 shows an example of similar calculations. As
one can see, the lumbar lordosis ideally matches the
circle arc defined this way.

Because of parameters c, h, r, α and L are related by
means of circle geometry, only one of these variables
therefore should be used in statistical analysis – the
central angle value (α) in our study. All angular val-

Fig. 1. Lumbosacral sagittal parameters. L – circle arc length; α – central
angle; β – lordosis angle; c – chord length; r – circle radius; h – segment
height. ST – sacral tilt; SD – sacral deviation.
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ues have been expressed in degrees for the statistical
analyses. So, the formula for calculation the central
angle is:

α = (2arcsin(c/(2r)))/0.017 (4)

For the central angle value calculation therefore only
two additional parameters should be measure by
physician on MRI images: the segment height (h)
and chord length (c). Also, for all patients’ next
lumbo-sacral anatomical parameters has been deter-
mined: a lordosis angle, Sacral Tilt and Sacral Devia-
tion. The lordosis angle has been determined as an-
gle between the superior endplate of L1 and the su-
perior endplate of S1; sacral tilt (ST) – as angle be-
tween the upper endplate of S1 and a vertical axis of
the frame in supine position (analog Sacral Slope for
upright position); sacral deviation (SD) – the angle
between horizontal axis and the line from midpoint
of the upper endplate of S1 to the ventral surface of
the S2/S3 disc. Graphical mapping of the measured
parameters is presented in Figure 1.

Thus, for the all patients next parameters have been
determined: lordosis angle, segment height, chord
length, Sacral Tilt, and Sacral Deviation.

To describe lumbosacral sagittal alignment we use
the ratio between angular values of one anatomical
region:

1. Ratio of lordosis angle to the segmental angle
(Lumbar coefficient):

Kl = β/α (5)

This ratio describes relation between the angle of lor-
dosis and central angle. In the other words: between
the anatomical and geometrical angular values in the
sagittal lumbar spine;

2. Ratio of Sacral Tilt to Sacral Deviation (Sacral co-
efficient):

Ks = (ST)/(SD) (6)

This ratio describes an equilibrium position of the
sacrum in the sagittal plane frame.

3. We introduced a parameter, “lumbo-sacral bal-
ance,” (LSB) that corresponds to the absolute differ-
ence between Sacral and Lumbar coefficients:

LSB = |Ks-Kl| (7)

Measurements were performed in RadiAnt DICOM
Viewer (Medixant, Poland). Measurement values
have been introduced in Microsoft Excel 2010 (Mi-
crosoft, USA), where the remaining parameters were
calculated using formulas 1 and 4-7. Statistical analy-
sis of all data has been performed in IBM SPSS Sta-
tistics Version 19 (SPSS, IBM, USA).

Results
Descriptive statistics of all angular variables for the
both groups are presented in Table 1. The results of
the Pearson’s correlation analysis are presented in
Table 2. For statistical analysis Mann-Whitney U-
criteria has been used (Table 3). As one can see from
the obtained data, significant differences (p < 0.05)
between 2 groups are observed for central angle (α)
and Sacral Deviation (SD). Also from Table 2, one
can see statistical significant correlation between the
determined anatomical and geometrical lumbo-sacral
parameters.

Descriptive statistics for Ks, Kl and LSB for both
groups are presented in Table 4. For compare the
value of the coefficients in main and control group,
we similarly used Mann-Whitney U-criteria. Range
and statistics of criteria presented in Table 5.

Table 1. Descriptive statistics of all angular variables.

α – central angle; β – lordosis angle; ST – sacral tilt; SD – sacral deviation.

Main Group Control Group

α β ST SD α β ST SD

N 59 49

Mean Std. Er-
ror 2.54 1.76 1.27 1.02 2.29 1.46 1.02 .93

Median 55.39 49.90 39.60 43.80 41.41 47.80 39.30 50.90

Std. Deviation 19.57 13.55 9.73 7.82 16.01 10.24 7.11 6.53

Variance 381.30 182.69 94.61 61.10 256.45 104.84 50.61 42.61

25 41.27 36.50 33.00 40.00 32.08 42.95 35.25 46.10
Percentile

75 71.42 58.00 46.00 50.10 59.37 59.20 45.00 53.40
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Discussion
Lumbar lordosis is a ventral orientated curve of the
lumbar spine, which has been formed due to the
wedge shape of intervertebral discs and the vertebral
bodies.10,11 The form of the lumbar lordosis is equally
influenced by the shape of the vertebral bodies and
intervertebral discs; each of these structures account
for about 50% of the variation of the angle of lordosis
in adults.12,13 Lumbar lordosis is usually described by
the anatomical parameter "lordosis angle." A strong
correlation between the lordosis angle and other pos-
tural variables has been described in the literature. A

Table 2. Correlation analysis of determined parameters.

**Correlation is significant at the 0.01 level (2-tailed). α – central angle; β
– lordosis angle; ST – sacral tilt; SD – sacral deviation.

Table 3. Ranks and statistics of Mann-Whitney U-criteria for main and
control groups.

α – central angle; β – lordosis angle; ST – sacral tilt; SD – sacral deviation.

number of researchers noted a high correlation be-
tween the angle of lumbar lordosis and orientation in
space of the pelvis and thorax.14-16

One of the fundamental questions devoted to the
evaluation of lumbar lordosis is the number of mea-
sured vertebral lumbar segments. Thus, Been et al.
concluded, that most often all lumbar segments are
measured (L1-L5), wherein an upper limit of the an-
gle is the upper endplate of the L1 body, lower end-
plate of S1 body, but a number of researchers de-
scribe a technique for measuring from the T-10 seg-
ment; other authors may define L3 vertebra as the
endpoint measurement or fail to include measure-
ment of the lower lumbar segment or L5-S1 disc.17

Such differences cause the appearance of a signifi-
cant difference in the published data dealing with the

Table 4. Descriptive statistics for Ks. Kl and LSB.

Ks – Sacral Coefficient; Kl – Lumbar Coefficient; LSB – Lumbosacral
Balance.

Table 5. Ranks and statistics of Mann-Whitney U-criteria for Ks, Kl, and
LSB.

Ks – Sacral Coefficient; Kl – Lumbar Coefficient; LSB – Lumbosacral
Balance.

α β SS SD

Pearson correlation .738** .696** .320**

α
Sig.(2-tailed)

1
.000 .000 .001

Pearson correlation .738** .842** .629**

β
Sig.(2-tailed) .000

1
.000 .000

Pearson correlation .696** .842** .620**

ST
Sig.(2-tailed) .000 .000

1
.000

Pearson correlation .320** .629** .620**

SD
Sig.(2-tailed) .001 .000 .000

1

N 108

Group N Mean
Rank

Sum of
Ranks

Mann-
Whitney

U

Wilcoxon
W Z Asymp.Sig.(2-tailed)

1 59 61.77 3644.50
α

2 49 45.74 2241.50
1016.50 2241.50 -2.647 0.008

1 59 51.80 3056.00
β

2 49 57.76 2830.00
1286.00 3056.00 -0.984 0.325

1 59 54.44 3212.00
ST

2 49 54.57 2674.00
1442.00 3212.00 -0.022 0.983

1 59 44.62 2632.50
SD

2 49 66.40 3253.50
862.50 2632.50 -3.598 0.000

Total 108

Group Main Control

Parameter Ks Kl LSB Ks Kl LSB

N 59 49

Mean Std. Error 0.022 0.026 0.021 0.017 0.037 0.044

Median 0.90 0.86 0.18 0.77 1.11 0.34

Std. Deviation 0.167 0.199 0.163 0.118 0.260 0.307

Variance 0.028 0.040 0.026 0.014 0.068 0.094

25 0.75 0.72 0.08 0.735 0.98 0.19
Percentile

75 0.98 1.04 0.29 0.885 1.30 0.55

Group N Mean
Rank

Sum of
Ranks

Mann-
Whitney
U

Wilcoxon
W Z

Asymp.
Sig.
(2-tailed)

1 59 62.00 3658.00
Ks

2 49 45.47 2228.00
1003.00 2228.00 -2.732 0.006

1 59 39.46 2328.00
Kl

2 49 72.61 3558.00
558.00 2328.00 -5.479 0.0001

1 59 43.94 2592.50
LSB

2 49 67.21 3293.50
822.50 2592.50 -3.846 0.0001

Total 108
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measurement of lumbar lordosis. In our study, we
used a standard method of measuring L1-L5 seg-
ments, as is anatomically reasonable and most com-
monly used.16-21 The five lumbar segments play a fun-
damental role in maintaining posture when upright.22

Also, many methods of the lordosis angle measuring
on standard radiograms and MRI have been pro-
posed. The Cobb method and its modifications are
the gold standard to date.23 The method is very sim-
ple to perform and showed high reliability. We used
the standard Cobb method in our study.

Different geometrical models of the spine have been
proposed including arc of circle9,24,25 quadrant of an
ellipse.26 The ellipsoid design is very realistic, but
such difficult to use in everyday clinical practice27,28

because of difficulty in geometrical analysis of this
model.

Several authors proposed geometric model of the
lumbar spine, based on the assumption that lumbar
lordosis is circular arcs segment. Vaz et al.10 proposed
a method for modeling the sagittal curves of the
spine by two tangents to the arc of a circle. The au-
thor presented vertebra curvatures (lumbar lordosis
and thoracic kyphosis) as two circular tangent arcs
whose tops are the thoracic kyphosis and the lumbar
lordosis, respectively. The authors concluded that
the method is useful for assessing the overall geome-
try of the spine, particularly in case of a limited view
on radiographs. Pinel-Giroux et al.37 confirmed that
the method is a good alternative to the Cobb angle
and revealed a strong correlation between these two
methods.

Roussouly et al.28 and Berthonnaud et al.29 described
a geometrical model of the lumbar biomechanics
based on two tangent arcs of circle. In this approach
lumbar lordosis is represented as two tangent arcs of
a circle and placed the center of each arc on a hori-
zontal line drawn from the apex. The lumbar curva-
ture is therefore, divided into two tangent arcs of cir-
cle with the purpose of studying sagittal balance im-
plications of each arc. The inferior arc extends from
S1 to the apex, the upper arc from the apex to the in-
flexion point. The center of the inferior arc is located
at the intersection of the horizontal line running from
the apex and the line following the sacral plate; the

radius of the upper arc is set by the line perpendicu-
lar to the tangent to the spinal curve at the level of
the inflexion point (Figure 2).

The main disadvantage of the technique is the un-
clear mathematical basis. For example “apex” in this
work is “most anterior point of the lumbar spine
touches a vertical line.” The functional purpose of
this landmark is also unclear: “At this point, the cur-
vature can be divided into two segments according to
its position above or below the horizontal line cross-
ing this point (the apex).” From geometrical point of
view, there is no need of C2 circle, because value of
lumbar lordosis as the segment of the circle, and as
anatomical creation (lordosis angle) has direct rela-
tionship with angular values of the sacrum. In other
words position of the sacrum in space determines a
form of the lumbar curve as the unified geometrical
system.

In our study we used geometrical model of the lum-
bar spine, when lumbar lordosis describes as only
one circle, passing through the upper front angle of
L1 vertebra and the upper front angle of S1 vertebra.
Association geometrical circle parameters with
anatomical landmarks allow us to construct circle arc
in which the lumbar lordosis ideally matches. We al-
so accounted the role of the sacrum in maintaining

Fig. 2. Geometrical construct of Lumbar Lordosis (LL) by two tangent arcs
of circle. LL is limited proximally by the Inflexion Point (IP) and distally by
the sacral plateau (S1P). C1 and C2 are two tangent circles on the apex (A)
of LL. LL is divided in two arcs; the upper one from IP to A is located on C2,
the lower between A and S1P is on C1. As complementary angles, lower arc
equals SS.

doi: 10.14444/2068
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lumbar curvature. But in our study we used a ratio
(Sacral Coefficient) describes equilibrium position of
the sacrum in а frame of reference in the sagittal
plane. Relationship between lumbar curvature and
sacrum position is also confirms by the correlation
analyze presented in Table 2. Furthermore, we found
clear mathematical relationship between angular pa-
rameters of lumbosacral spine, confirms by the pro-
portionality of the changes in this angular values.
This is the theme for our future publication.

Other important environment for the normal statics
is the position of the sacrum, because Sacral Slope
(SS) angle determines the shape of the lumbar lordo-
sis arc. The first description of the geometrical para-
meters of the pelvis has been presented by Duval-
Beaupère et al.31-33 Their studies allowed describe the
geometry of the pelvis and the relationship of the
geometric parameters of the pelvis with its space atti-
tude. Key parameter of the pelvis is Pelvic incidence
(PI), otherwise for describe the position of the
sacrum in the horizontal axis Sacral Slope is used.

This conception actual for human upright position,
but in our study all measurements were performed
on supine MRI, as done in some of the other analo-
gous studies.17,34,35 In recent years the MRI has be-
come “gold standard” in diagnostic of the numerous
pathological conditions of lumbar spine, including
lumbar spinal stenosis, due to its possibility to visual-
ize Roentgen-negative soft tissues. Standing MRI
which was the alternative method to standing X-ray
was not available in our center, so we chose the
method of supine MRI. Recent investigations re-
vealed that lumbar lordosis measured on horizontal
MRI in supine position with straight legs was compa-
rable to that measured on vertical standing images,22

and sagittal balance obtained in supine MRI is reli-
able for investigational studies.17

For this reason, for describe the location of the
sacrum in the frame, we used two parameters: Sacral
Tilt (ST) – as angle between upper endplate of S1
and vertical axis (analog Sacral Slope for the uptight
position), and Sacral Deviation (SD) – angle between
horizontal axis and the line from midpoint of the up-
per end plate of S1 to the ventral surface of the S1-S2
disc. This anatomical landmark is constant and well

visualized either on the radiographs, or on the MRI.
The frame axis designated on the basis of patient’s
supine position. Sacral Deviation (SD) showed sig-
nificant correlation with anatomical and geometrical
lumbo-sacral parameters (Table 2), moreover, signifi-
cant differences has been found between main and
control group in value of this parameter. This fact
demonstrated its diagnostic and prognostic value in
developing of degenerative changes of lumbar spine
(Table 5).

The concept of lumbopelvic sagittal alignment that
actively discuss in the literature recently, has been
proposed by Duval-Beaupère et al. first.31 However,
the valid method of quantitative assessment of lum-
bopelvic sagittal alignment is lacking. The goal of our
study was a developing a simple, understandable and
reliable method of quantitative assessment of lum-
bopelvic sagittal alignment. The method is based on
evaluation of geometric and statistical regularities of
the lumbar spine and sacrum, obtained from MRI in
supine position. For each anatomical region the ratio
of the couples of the angular values has been calcu-
lated: the ratio of the lordosis angle to the segmental
angle for the lumbar spine (Lumbar coefficient), and
the ratio of the Sacral Slope to Sacral Deviation for
sacrum (Sacral coefficient). For quantitative assess-
ment of lumbopelvic sagittal alignment we proposed
parameter “lumbo-sacral balance” (LSB) – module
of mathematical difference between Sacral and Lum-
bar coefficient.

In current study, we analyzed lumbosacral alignment
for potential associations to lumbar spinal stenosis.
Kirkaldy-Willis at al.36 studied the pathology and
pathogenesis of lumbar spondylosis and stenosis and
described the three-joint complex composed of the
zygapophyseal joints and the intervertebral disc.
They postulated that rotation and compression in-
juries led to degenerative changes of the three-joint
complex. The results of these changes to the three-
joint complex create degenerative spondylolisthesis,
retrolisthesis, degenerative scoliosis, and rotational
deformities. Approximately 90% of the population
will report back pain, and the incidence of acquired
lumbar stenosis is approximately 1 per 1000 in indi-
viduals older than 65 years.37

doi: 10.14444/2068
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The relationship between lumbar lordosis and degen-
erative changes of the spine has been thoroughly
evaluated.3,5,38-43 Most researchers agree that the lum-
bar lordosis angle positively and strongly associated
with spondylolysis and isthmic spondylolisthe-
sis.5,38,44-47 Increasing of the lordosis angle is consid-
ered as a risk factor for progression of spondylolysis
and ventral displacement of the affected vertebra.

A several researchers have reported that the change
of lordosis curve and the spinal balance lead to early
development of osteoarthritis and degeneration of
the discs.48,49 However, the issue remains controver-
sial. For example, two studies have examined the re-
lationship between the lordosis angle and os-
teoarthritis of the facet joints in the population of
Greeks and Americans.17,42 No statistically significant
differences between the lordosis angle and os-
teoarthritis have been identified. Similar results were
obtained by Lin et al.39 in the Chinese population.
These data show that the amount of lumbar lordosis
is either a consequence, or reason for the develop-
ment of osteoarthritis of the facet joints.

In our study we compared 2 groups of patients: with
lumbar spinal stenosis (main group) and healthy vol-
unteers (control group) in value of Ks, Kl and LSB
parameters (Table 4), and we found statistical signifi-
cant differences among them (Table 5). As one can
see from Table 4, the median of LSB value in main
group is 0.18 (vs 0.34 in control group). The value of
LSB less than 0.19 observed in 64.4% of cases (38 out
of 59) in main group vs 26.53% (13 out of 49) in con-
trol group. Figure 3 is an example of lumbosacral bal-
ance calculations in patient with lumbar spinal steno-
sis, and Figure 4 shows the calculations in healthy
volunteer.

Based on these results we believe that that spinal
stenosis is associated with an acquired deformity that
is measureable by the described parameters. It’s pos-
sible that spinal stenosis occurs in patients with an
LSB of 0.20 or less, so this value can be predictable
for its development. It may suggest that spinal steno-
sis is more likely to occur in patients with the spinal
curvature of this type because of abnormal distribu-
tion of the spine loads. This fact may have prognostic
significance for develop vertebral column disease and

evaluation of treatment results.

Conclusion
In this study we proposed new method for assess-
ment lumbosacral sagittal alignment in supine MRI.
Method based on assumption that geometry of the
lumbar lordosis is similar to the geometry of the cir-

Fig. 3. Geometry of the lumbar lordosis arc at patients with lumbar spinal
stenosis. Sacral coefficient (Ks) = 0.78; Lumbar coefficient (Kl) = 0.77;
Lumbosacral balance (LSB) = 0.01. L – circle arc length; α – central angle;
β – lordosis angle; c – chord length; r – circle radius; h – segment height. ST
– sacral tilt. SD – sacral deviation.

Fig. 4. Geometry of the lumbar lordosis arc in healthy volunteer. Sacral
coefficient (Ks) = 0.98; Lumbar coefficient (Kl) = 1.21; Lumbosacral
balance (LSB) = 0.23. L – circle arc length; α – central angle; β – lordosis
angle; c – chord length; r – circle radius; h – segment height. ST – sacral tilt;
SD – sacral deviation.

doi: 10.14444/2068
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cle arc. This assumption it was proved geometrically.
Based on coefficients of angular values we proposed
new parameter LSB for to quantifying lumbosacral
sagittal balance. Comparing 2 groups of patients with
spinal stenosis and without a history spine disorders
show statistical significant differences in the LSB pa-
rameter. The results of this study are encouraging.

However, further researches are necessary with
supine and upright position for assessment sensitivi-
ty and specificity of proposed method. We found
clear mathematical relationship between angular pa-
rameters of lumbosacral spine, confirmed by the pro-
portionality of the changes in this angular values. We
plan to undertake a similar study with patients after
operative treatment to assess the prognostic value of
the technique for long-term complications associated
with biomechanical disturbance (adjacent syndrome
disease).
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