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Sacralization may be associated with facet orientation and tropism
but not degenerative changes of the lumbar vertebrae
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Abstract

Purpose: In this retrospective study, we aimed to investigate the possible effects of transitional vertebra anatomy on
facet joint tropism and orientation by evaluating lumbar magnetic resonance imaging (MRI) studies performed at
our institution.

Material and methods: We included 84 patients with sacralization of the L5 vertebra and an equal number of patients
with a radiology report within normal limits as the control group in our study. We compared facet tropism (FT) and
orientation between both groups.

Results: In both the sacralization group and the control group, the facet orientation angle showed a significant in-
creasing trend from the L1-L2 level to the L5-S1 level (p < 0.001). The orientation angle of the L5-S1 level was higher
in the sacralization group compared to the control group (p < 0.01). In the evaluation of FJ orientation between the
sacralization and control groups, we found that coronal orientation was significantly more frequent at the L5-S1
level in the sacralization group. When the 2 groups were compared with regard to tropism at each spinal level, the
sacralization group had a significantly higher FT frequency at the L5-S1 level (p < 0.001).

Conclusions: To our knowledge, this is the first study to evaluate the relationship between sacralization and facet
joint tropism. However, there were no relationships between facet degeneration, disc degeneration/herniation, and
sacralization. Our results indicate that, although patients with sacralization and controls had similar characteristics
in most assessments, they demonstrated significant differences at the L5-S1 level in terms of orientation and tropism.
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Introduction

The anterior intervertebral discs and posterior facet joints
(FJs) form the functional structure of the spine [1]. FJs
are critical because they carry approximately 16% of the
vertical load on the lumbar vertebrae and they play a role
in degenerative diseases of the lumbar spine [2-4]. Facet
tropism (FT) is the asymmetry between the right and left
FJ angles, and it contributes to degeneration via alteration
of lumbar spine biomechanics [5,6]. The FJ orientation is
transverse according to the coronal plane, and its relation-
ship with degenerative spondylolisthesis has been demon-

strated in several studies [7,8]. In a finite-element study
by Kim et al., it was suggested that the sagittal orientation
of FJs predisposes the spine to spondylolisthesis, and FT
presence increases stress due to asymmetric forces in the
related segment [9].

Lumbosacral transitional vertebrae (LSTV) are a com-
mon congenital anomaly of the lumbosacral junction. It can
be observed as either unilateral or bilateral assimilation of
the L5 vertebra with the sacrum or ilium (sacralization) or
the appearance of the first segment of the sacral vertebra
(S1) as a part of the lumbar vertebrae (lumbarization) [10].
Several studies have investigated the relationship between
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LSTV and low back pain and degenerative disc disease;
while some studies reported a relationship [2,11], others
did not reveal any [5]. Differences in LSTV anatomy can
alter the distribution of load on FJs in the lumbosacral
junction may predispose the spine to degeneration [12]. In
this study, we aimed to compare individuals with sacraliza-
tion of the L5 vertebra and those with normal lumbosacral
junction anatomy in terms of possible differences in FT
and orientation, and to determine the possible effects of
sacralization and its asymmetric nature on FJ tropism. In
addition, we evaluated whether the facet orientation angle
was associated with the levels of facet degeneration and disc
degeneration or herniation.

Material and methods

Study population

Ethics committee approval was obtained for this study.
Informed consent was obtained from each participant
included in the study. A total of 874 consecutive lum-
bar magnetic resonance (MR) imaging examinations
performed at our clinic from July 2018 to November 2018
for the evaluation of lumbar radicular pain and low back
pain were retrospectively reviewed. Patients with lumbar
surgical history, trauma, spinal inflammation, infectious
disease, spinal malignancy, or scoliosis were excluded
from the study to avoid spinal anatomy changes associ-
ated with these conditions. Whole spine MR images were
used to number the lumbar vertebrae by craniocaudally
counting from C2 and cross-referencing lumbar vertebra
sagittal MR images. A total of 23 patients with lumba-
rization of S1 (defined as the separation of S1 from the
sacral vertebrae) [10] were excluded. A total of 84 pa-
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Figure 1. Facet orientation angle measurement. DC s the reference line
passing through the spinous process and perpendicular to the line E tangent
to the disc posterior margin. The mean value of the angles between AO-DC
and BO-DC (R+L) is the orientation angle for this level

tients with sacralization of the L5 vertebra transverse
process, defined as the unilateral or bilateral fusion with
the sacrum, were identified by the evaluation of axial
and survey MR images. A control group comprising
84 patients with normal lumbosacral junction anatomy,
matched for age and gender distribution, were included
in the study.

Imaging protocol and landmark definitions

All lumbar MR images were obtained according to a stan-
dard lumbar MR imaging protocol (axial T2-weighted
fast spin-echo, TR: 3800 ms and TE: 100 ms; sagittal
T2-weighted fast spin-echo, TR: 2500 ms and TE:
100 ms; and sagittal T1-weighted spin-echo, TR: 500 ms
and TE:10 ms) with the use of a 1.5 Tesla Philips Achie-
va MRI device (Philips Healthcare, Best, Netherlands).
Other matrix parameters were as follows: 256 X 192, sec-
tion thickness: 3 mm, interslice gap: 4 mm, FOV: 22 cm
(axial image) and 28 cm (sagittal images). Images were
evaluated on a workstation (INFINITT PACS, Infinitt
Healthcare, South Korea).

For the facet orientation angle, axial T2-weighted im-
ages parallel to the endplate at the mid-disc level were
used. The line passing through the centre of the disc space
and the spinous process basis was accepted as a reference.
The mean value of the angle between the reference line
and the lines passing through the anteromedial and pos-
terolateral margins of the superior articular facets on both
sides was considered as the facet orientation angle for that
level [6,11] (Figure 1). Accordingly, when the angle was
> 45°, the orientation was considered to be coronal, and
when the angle was < 45°, the orientation was considered
to be sagittal [1].

Figure 2. Facet tropism measurement. AB is the reference line. The angle
between AB and line 6 Cis the right facet angle (R), and the angle between
AB and line D is the left facet angle (L)
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Evaluation of images

To evaluate FT, axial T2-weighted MR images passing
through the most caudal slice of the intervertebral disc
space (in which the FJs were most likely to be bisected)
were used. The line tangent to the posterior disc was con-
sidered as the reference line. The angle between the refer-
ence line and the line passing through the anteromedial
and posterolateral margins of the superior articular facets
was measured bilaterally. If the difference between the
angle for the right facet and the angle for the left facet was
greater than 10°, tropism was considered to be present
(Figure 2). Because FJs have greater coronal orientation
at lower vertebral levels when the right-left difference is
positive, we assumed that the right F] had a more sagittal
orientation and called it right FT, and when this value was
negative, we assumed that the left F] had a more sagittal
orientation and called it left FT.

We also evaluated the presence of degenerative disc
disease in the lower lumbar spinal segments of patients
with sacralization (and its possible relationships with
tropism). Sacralization type (left-sided, right-sided, or
both) were also taken into account. For the evaluation
of disc degeneration, we identified regions demonstrat-
ing altered signal intensity and/or disc herniation of any
form (i.e. protrusion, prolapse, extrusion, or sequestra-
tion). Degeneration was defined as when the signal in-
tensity of the intervertebral disc was lower than the ce-
rebrospinal fluid or when it showed nonuniform signal
intensity. The degree of degeneration and herniation were
graded from 1 to 4 [13]. All FJs were also evaluated with
respect to degeneration findings and were scored from
1 to 4 (1: normal, 2: minor narrowing in joint distance,
3: sclerosis and small osteophytes, 4: pronounced osteo-

phytes).

Statistical analysis

Statistical analyses of the data were performed with the
Statistical Package for the Social Sciences version 15.0.
The data for continuous variables were expressed as
mean * standard deviation, and the data for categorical
variables were expressed as frequency and percentage. To
compare the distributions of categorical variables between
the 2 groups, y? tests and Fisher’s exact tests were used.
For continuous variables, Student’s t-test and the Mann-
Whitney U test were used regarding parametric/nonpara-
metric assumptions. To compare the 5 vertebral levels,
the Friedman test was used. The results were evaluated
with a 95% confidence interval and a significance level of
p <0.05 (*p < 0.05, **p < 0.01, and ***p < 0.001). Inter-
observer agreement was evaluated with Cohen’s k coeffi-
cient (values < 0: no agreement, 0.01-0.20: none to slight,
0.21-0.40: fair, 0.41-0.60: moderate, 0.61-0.80: substantial,
and 0.81-1.00: almost perfect agreement).

Effects of sacralization on facet orientation and tropism

Results

The prevalence of sacralization was found to be 9.6% in
our study. The ages of individuals in the sacralization
group ranged between 19 and 59 years, with a mean age
of 36.89 + 11.76 years. The ages of individuals in the con-
trol group ranged between 20 and 55 years, with a mean
age of 34.27 + 7.91 years. There was no statistically sig-
nificant difference between the 2 groups in terms of age
(p = 0.092).

In both the sacralization group and the control group,
the facet orientation angle showed a significant increasing
trend from the L1-L2 level to the L5-S1 level (p < 0.001).
Except for the L5-S1 level, there were no significant dif-
ferences between the orientation angles of the control and
sacralization groups. The orientation angle of the L5-S1
level was higher in the sacralization group compared to the
control group (p < 0.01). In the evaluation of FJ orientation
between the sacralization and control groups, we found
that coronal orientation was significantly more frequent at
the L5-S1 level in the sacralization group. The orientations
of the FJs were similar for other levels (Table 1).

The frequency of tropism presence at any level (over-
all) was 79.8% (n = 67) in the sacralization group and
73.8% (n = 62) in the control group; statistical analysis
showed that there was no statistically significant differ-
ence between groups (p = 0.361). When the 2 groups were
compared regarding tropism at each spinal level, the sa-
cralization group had a significantly higher FT frequency
at the L5-S1 level (p < 0.001) (Table 2).

When the side of sacralization and FT at the L5-S1
level was evaluated, right-sided tropism was found in
55.6% of cases with right-sided sacralization. Left-sided
tropism was found in 45.5% of cases with left-sided sa-
cralization. Additionally, 51.5% of patients with bilateral
sacralization had no tropism. Among patients with sacral-
ization, the presence of degenerative disc disease in the
relevant segments according to the presence/absence of
tropism (for L3-L4, L4-L5 or L5-S1) is shown in Table 3.
The differences were not statistically significant among
those with and without tropism (p > 0.05).

When we analysed whether facet joint orientation val-
ues were associated with the degree of facet joint degenera-
tion in each respective level, we found that there were no
relationships between controls or patients and sacralization
(Table 4). Further analysis of whether the degree of facet de-
generation was associated with sacralization type (left-sided,
right-sided or both) also yielded non-significant results.

Next, we evaluated the possible relationship between
degree of disc herniation/degeneration and facet joint ori-
entation angle. The results did not show any significant
findings with respect to any of the levels (Table 5).

Interobserver agreement values for the measurement
of the FJ orientation angle and tropism angle were 0.85
(range: 0.82-0.89) and 0.89 (range: 0.86-0.94), respectively.
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Table 1. Facet joint orientations to lumbar levels in the sacralization and control group

Facet orientation Sacralization group Control group
% )

L1-12
Sagittal 84 100.0 82 97.6 0.497
Coronal 0 0.0 2 24

12-13
Sagittal 83 98.8 80 95.2 0.367
Coronal 1 1.2 4 438

L3-14
Sagittal 70 83.3 69 82.1 0.838
Coronal 14 16.7 15 17.9

L4-15
Sagittal 47 56.0 ] 512 0.536
Coronal 37 44.0 4 48.8

L5-s1
Sagittal 21 25.0 35 a7 0.022*
Coronal 63 75.0 49 58.3

* < 0.05. p(1): p-value for comparison of sacralization and control groups

Table 2. Facet tropism according to groups and levels

Tropism Sacralization group Control group
n

() 65 77.4 66 78.6 0.852
(+) 19 256 18 214

2-13
() 69 82.1 64 76.2 0.342
(+) 15 179 20 2338

L3-14
() 68 81.0 60 714 0.147
(+) 16 19.0 24 28.6

L4-L5
() 60 714 64 76.2 0.483
(+) 24 28.6 20 23.8

L5-51
(-) 38 45.2 63 75.0 0.0007***
(+) 46 54.8 21 25.0

**¥%1 < 0.001. p(1): p-value for comparison of sacralization and control groups

the relationship between facet orientation and degenerative
spine disease; however, findings have often been contradic-
The FJs act as essential posterior stabilization mechanisms  tory [1,7,15]. Although the presence of LSTV affects the
during movement of the spine [6], and the importance of ~ dynamics of the lumbosacral junction, until today, there
FJ orientation in this function has been demonstrated in ~ have been very few studies that evaluated FJ orientation at
various studies [6,14]. Researchers have been interested in  each lumbar level in patients with LSTV. This study showed

Discussion
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Table 3. Disc herniation by disc degeneration according to tropism status and levels in sacralization group

Tropism Tropism (-) Tropism (+)
13-14
Disc degeneration
) 48 70.6 13 813 0.538
(+) 20 294 3 18.8
Disc herniation
-) 61 89.7 15 93.8 0.999
(+) 7 103 1 6.3
L4-15
Disc degeneration
) 22 36.7 n 45.8 0.437
+) 38 63.3 13 542
Disc herniation
(-) 34 56.7 16 66.7 0399
(+) 26 433 8 333
L5-51
Disc degeneration
) 32 84.2 iy 89.1 0.534
(+) 6 15.8 5 109
Disc herniation
(-) 38 100.0 45 97.8 0.999
(+) 0 0.0 1 2.2

Table 4. Relationships between facet joint orientation angle and facet degeneration at each level in both groups

Patients with sacralization

| Patients without sacralization

Left facet degeneration | Right facet degeneration | Left facet degeneration | Right facet degeneration
L1-L2 Orientation angle r=-0.026 r=-0.027 r=0.035 r=-0.049
p=0.772 p=0.769 p=0.701 p=0.587
L2-13 Orientation angle r=0.082 r=-0.126 r=0.112 r=-0.148
p=0.366 p=0.165 p=0217 p=0.104
L3-L4 Orientation angle r=-0.139 r=-0.119 r=20.020 r=-0.019
p=0.115 p=0.188 p=0.820 p=0.834
L4-L5 Orientation angle r=-0.048 r=-0.033 r=0.014 r=0.015
p=0.590 p=0.702 p=0.871 p=0.869
L5-S1 Orientation angle r=0.104 r=0.051 r=0.015 r=-0.029
p=0.223 p=0.551 p=0.862 p=0.739

Kendal's tau-b statistic

that the orientation angle demonstrates a marked increase
from L1 to S1 in patients with LSTV, as well as healthy sub-
jects; the latter finding is supported by a study by Wang
et al. [6]. Despite this similarity between the 2 groups, our
findings showed that the orientation angle was significantly
higher at the L5-S1 level in patients with LSTV when com-
pared to controls, indicating a differentiating characteristic.

The broader and horizontal orientation at the L5-S1 level
compared to other segments in patients with sacralization
may be caused by the primary anatomical difference in
these subjects — the fusion of the transverse process of the
L5 vertebra with the sacrum.

In terms of disc degeneration, our study did not reveal
any significant relationship between imaging findings of

© Pol J Radiol 2021; 86: 387-e393
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Table 5. Relationships between disc generation/herniation and facet joint orientation angle at each level in both groups.Kendal’s tau-b statistic

Patients with sacralization

Patients without sacralization

Disc degeneration

Disc herniation

Disc degeneration

Disc herniation

L1-L2 Orientation angle r=-0.103 r=-0.022 r=-0.152 r=0.069
p=0.257 p=0.809 p=0.094 p=0.445
L2-L3 Orientation angle r=-0.019 r=-0.043 r=-0.111 r=-0.016
p=0.842 p=0.638 p=0.223 p=0.856
L3-L4 Orientation angle r=-0.039 r=0.054 r=0.146 r=0.015
p=0.660 p=0.548 p=0.107 p=0.866
L4-L5 Orientation angle r=10.023 r=-0.010 r=10.046 r=-0.042
p=0.790 p=0911 p=0.603 p=0.639
L5-S1 Orientation angle r=10.041 r=20.017 r=-0.051 r=20.003
p=0.648 p=0.853 p=0.568 p=0.977

degeneration and the presence/absence of tropism. In-
terestingly, Jentzsch et al. [1] reported that sagittal ori-
entation of the lower lumbar levels was associated with
degeneration of the FJs. Fujiwara et al. [16] also obtained
similar results with an MRI study. When our findings and
the results of these 2 studies are taken together, it appears
that coronal orientation of the lower lumbar levels may be
protective against degenerative changes.

In a study by Kim et al. [9] that discussed the biome-
chanical effect of FT it was found that the presence of FT
in the related segment increased stress on the disc and also
facet contact force. The effects of this asymmetry in the FJs
with regard to degenerative spine disease has been demon-
strated in different studies [17,18]. Similarly, the effects of
LSTV on low back pain and degenerative spine disease have
been a subject of curiosity for several authors. In a study by
Sekharappa et al., degenerative disc disease was more com-
mon at the L5-S1 level compared to other levels [14]. Various
studies have implicated LSTV as a cause of low back pain
[19], degenerative changes [20,21], and other spinal abnor-
malities [20]. However, despite demonstrating an increased
tendency for low back pain in patients with LSTV, Gopalan
et al. [19] suggested that the higher likelihood of other spinal
abnormalities in patients with LSTV was in fact the cause
of low back pain, rather than the presence of LSTV alone.
This was in support of several studies, one of which had
found a higher frequency of degenerative changes without
any association with low back pain in individuals with LSTV
[21]. However, an earlier study by Vergauwen et al., which
utilized a prospective design, reported no difference among
controls and patients with LSTV in terms of the frequency
of degenerative spinal changes. Despite this overall similarity
between groups, the spinal level above the LSTV was deter-
mined to have a higher frequency of degenerative findings
when compared to healthy subjects [22]. Considering the
conclusions of newer studies in addition to the earlier report
by Vergauwen et al., we believe that current evidence shows
a lack of a direct relationship between LSTV and degenera-
tive changes or lower back pain. Although further studies are
necessary to draw definite conclusions on this matter, our

results suggest that the spinal changes in patients with LSTV
may be a physiological response aimed at preventing injury.
However, these changes no doubt result in altered biome-
chanics, and thus may predispose individuals to problems of
the lumbar spine in the future.

In this study, in which the presence of tropism at all
lumbar levels in LSTV patients was evaluated, our results
showed that the tropism frequency was 54.8% at the L5-
S1 level, and comparisons revealed that tropism was sig-
nificantly more common in patients with sacralization
compared to the control group (25%). In addition, lower
lumbar level FJs had a higher frequency of coronal orienta-
tion in our study, and degenerative disc diseases at these
levels did not demonstrate a significant difference from the
control group. FT was more prominent in patients with
sacralization than controls; however, these features did not
translate to a higher frequency of degeneration. As men-
tioned previously, this phenomenon may be a mechanism
of adaptation to sacralization of the FJs, thereby prevent-
ing degenerative changes in the lumbar spine. However,
future studies would benefit from longitudinal analyses to
ascertain whether such adaptations lead to spinal problems
with advanced age.

To ascertain whether there were any relationships be-
tween facet joint orientation and clinically relevant find-
ings, such as facet degeneration, disc degeneration and
disc hernia, we performed correlation analyses, which
demonstrated that facet joint orientation was not associ-
ated with any of the analysed parameters.

The most significant limitation of our study is that the
control group was comprised of symptomatic patients, even
though they had normal lumbosacral junction anatomy.
Another limitation is that patients’ BMIs were not included
in the evaluation. We only included patients with sacraliza-
tion rather than including all types of LSTV to predict the
influence of the unilateral or bilateral nature of abnormal
articulation on FT. Additionally, because we included pa-
tients based on sacralization and not the presence/absence
of pathological states (degeneration, herniation etc.), the
analysis of correlations between these characteristics and
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facet joint orientation may not reflect the alterations in pa-
tients with significant pathology; thus, these results can-
not be generalized to those with disc-related pathologies.
We believe there is a need for future studies to assess these
relationships in patients with and without clinical patholo-
gies, possibly with the inclusion of clinical characteristics as
secondary parameters. Finally, because the study was ret-
rospective, evaluation of patients’ daily physical activities
was not possible.

Despite these limitations, to our knowledge, this study
is the first to evaluate the relationship between sacraliza-
tion and FT at all lumbar levels. Our results indicate that,
although patients with sacralization and controls had
similar characteristics in most assessments, they demon-

Effects of sacralization on facet orientation and tropism

strated significant differences at the L5-S1 level in terms of
orientation and tropism. Although these changes would
fundamentally alter the biomechanics of this critical area,
the fact that degenerative changes were not associated with
tropism or facet orientation indicates that these alterations
may be considered as physiological tolerance mechanisms
rather than pathophysiological alterations, even though
it is crucial to ascertain the longitudinal results of these
changes with long-term studies.
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