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Abstract

Background: We aimed to determine whether there is an association, in young adults, between the
occurrence of lumbar disk herniationllLDHIat a given segment and the segment’s facet joint parameters
[facet orientation (FO) and tropism (FT)]. In addition, associations between facet joint parameters in the
corresponding segment and LDH laterality were also investigated.

Methods: We retrospectively analyzed data from 529 patients who were between 18 and 35 years old,
who had experienced single-level LDH (L4-5 or L5-S1) between June 2017 and December 2019, and
with less than 2 years of clinical history. We included an additional 122 patients with no history of LDH
as an age-matched control group. LDH were classified by laterality (left-sided, right-sided, or central
herniation). At each level (L4-L5 or L5-S1 segments), we investigated the relationship between facet
joint parameters and herniation laterality.

Results: FO, values at the L4-L5 level and the L5-S1 level were significantly lower and FT was higher for
the LDH group compared with those for the control group. The level at which LDH occurred, FO|, FOg, and

FT differed significantly among the three groups. There was a significant association between
herniation laterality and FO at the L4-L5 level but not at the L5-S1 level.

Conclusions: Abnormal facet joint parameters are significantly associated with LDH. Young adults with
higher FT should be paid more attention, to prevent the occurrence of LDH. At the L4-L5 level,
intervertebral disk herniation tended to occur ipsilateral to the side with a lower facet joint angle when FT
was present.

Introduction

Low back pain is the second most common complaint encountered by primary care physicians; over the
past few decades [1—-4], it has been the musculoskeletal condition that is the most capable of allecting
quality of life. It is estimated that 80% of the population will be afflicted with low back pain at some point
in their lives [5]. Intervertebral disk diseases and their associated pathologies are common causes of low
back pain. LDH, which can occur when there is degeneration as a result of spinal disease, is the
displacement of the nucleus pulposus or annulus fibrosis beyond the intervertebral disk space. Because
LDH is a major health care problem, numerous studies have been performed to identify risk factors (such
as sex, age, height, smoking status, region, and occupation [6, 7]).

In the spinal column, bilateral facet joints and their corresponding intervertebral disk form a three-joint
complex. Facet joints play a significant role in stabilizing the spine during complex loading and in
controlling six-degree-of-freedom motion. Facet orientation (FO) and tropism (FT) are two important
structural parameters of the facet joint. Numerous studies have examined the relationship between facet
joint parameters and LDH [8—10]. In previous studies, we showed that FT and FO were independent risk
factors for recurrent LDH and chronic low back pain, which suggested that these parameters may play an
important role in pathogenesis [11-13]. Some have found that asymmetric facet joints may cause LDH,
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while others report that FT is not a relevant factor[8, 9, 14-17]. A previous study showed that FO and
tropism significantly influence intervertebral disk biomechanics [18]. FT may lead to bilateral asymmetric
bearing stresses in the intervertebral disk, but to our knowledge no studies have investigated whether this
is the case. Therefore, we hypothesized that there is a relationship between facet joint parameters and the
LDH laterality in the corresponding segment.

LDH is one of the most common disorders, with a prevalence of approximately 77.8% among adults[19].
Although the frequency of this condition in children and adolescents has not been precisely defined, it is
generally believed to be much lower than that in adults. On the basis of previous findings[10, 20, 21], age
is an important factor to consider when studying the relationship between facet joint parameters and
LDH—in older patients, LDH is normally caused by chronic degeneration; in contrast, the causes of LDH in
younger patients are diverse and include trauma, familial predisposition, obesity, and degeneration.

In the present study, we aimed to determine whether there is an association, in young adults, between the
occurrence of LDH at a given segment and the segment’s facet joint parameters. In addition, associations
between facet joint parameters in the corresponding segment and LDH laterality were also investigated.
To the best of our knowledge, this is the first study to focus specifically on correlations between facet
joint parameters and LDH laterality.

Materials And Methods
Patient population

We conducted a retrospective clinical study. In our hospital, we had observed that, for adults over the age
of 35 years, computed tomography (CT) images of the lumbar spine commonly showed /lumbar facet
joint osteoarthritis and degenerative lumbar scoliosis and that LDH was more common, which could
influence our investigations. Thus, to eliminate the influence of age, we selected a young adult population
(between 18 and 35 years old) because few youth under the age of 18 years had undergone CT scans.

Data from patients between 18 and 35 years old and with less than 2 years clinical history who had
experienced single-level LDH (L4-L5 or L5-S1 segments) during the period from June 2017 to December
2019 were included in this study. These patients had been referred to our institution for diagnostic
evaluation of the lumbar spine, using computed tomography (CT), and for treatment for LDH. Patients
with LDH were classified by herniation laterality—grouped into left-sided, right-sided, or central protrusions
—for each level (L4-5 or L5-S1).

In addition, data from patients who were between 18 and 35 years old with digestive system diseases,
who had undergone abdominal CT scanning, and with no LDH were included as a control group. Patients
with recurrent LDH, far lateral LDH, calcified LDH, previous spinal surgery or trauma, inflammatory
disease, spondylolisthesis, myopathy, degenerative lumbar scoliosis, Paget's disease, or spinal
metastasis were excluded from this study. All patients or relatives provided informed consent to
participate in this study.

Page 3/20



Data collection and Measures

Patients’ clinical data were collected from hospital records. We recorded sex, age, body mass index (BMI),
current smoking status, alcohol use, occupation, and trauma history. Facet joint parameters (orientation
and tropism) were obtained from axial CT images (parallel to vertebral endplates) and were measured
with the method previously described by Li et al. and Noren et al[11, 12, 22].

FO is the angle of the facet joint relative to the sagittal plane, when measured in a transverse plane
(Figure 1). FT refers to the asymmetry of left (FO,) and right (FOg) vertebral facet orientations, which was
represented by the absolute value of the difference between FO, and FOR). FO |,g was designated as the
FO, was greater than FOr. FO, was designated as the average of FO, and FOg.

We measured FO, and FOg for L4-L5 and L5-S1 segments for each patient (both the LDH group and the
control group). To avoid measurement errors, two experienced clinical doctors analyzed the axial CT
images independently without knowledge of the patients' group and the objective of our study. We
calculated intraclass correlation coefficients for each group to determine the reliability of the
measurements (facet orientation) and assessments (herniation laterality) of the 2 observers.

Statistical analysis

Statistical Package for Social Sciences software for Windows (Ver. 17.0, SPSS Inc, Chicago, IL) was used
for data analysis. Continuous variables that did not have normal distributions were expressed as median
(25th percentile, 75th percentile); categorical variables were expressed as count (percentage). Continuous
variables were compared using the Mann-Whitney U test or Kruskal-Wallis H test. Categorical variables
were compared between groups using the Pearson X2 test. For all comparisons, a p-value < 0.05 was
considered statistically significant.

Results
Patients

A total of 651 patients (529 with LDH and 122 in the control group) were deemed eligible for this study
(367 males and 284 females; mean age 29.9 years). In patients with LDH, 380 (71.83%) had occurred at
the L4-L5 level, and 149 (28.17%) had occurred at the L5-S1 level. Herniation laterality was left sided in
234 patients (44.23%), right sided in 207 patients (39.13%), and central in 88 patients (16.64%).

Reliability

The reliability of the two observers was acceptable; the intraclass correlation coefficient was 0.973, which
reflected that facet joint parameter measurements were similar. Two example CT images are shown in
Figures 2 and 3.

LDH group vs. the control group
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The results for group comparisons are presented in Table 1. No significant differences were found
between the LDH group and the control group for demographic data (age, BMI, current smoking status,
alcohol use, occupation, and trauma history), except for sex. The proportion of male patients in the LDH
group was significantly greater than that in the control group (p = 0.010). FO, values were significantly
lower for patients with LDH group than for patients without LDH at the L4-L5 level [43 (40.5, 46) vs. 45.5
(39, 51.5), respectively; p = 0.005] and at the L5-S1 level [45.5 (44, 47.5) vs. 51 (45.5, 56.5), respectively;
p < 0.001]. FT was significantly higher for the LDH group than that for the control group at the L4-L5
level [3 (2,4) vs. 2 (1,4), p< 0.001] and at the L5-S1 level [3 (2, 5) vs. 2 (1, 3), p= 0.002].
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Table 1

The demographics of the LDH and N-LDH groups

Variable

Sex (female: male)
Age, (years)

BMI, (kg/m?)

Current smoking, n (%)
Alcohol, n (%)
Occupation, n (%)
Worker

Student

Office staff

Trauma history, n (%)
Level of LDH, n (%)
L4-L5

L5-S1

FOA ()

L4-L5

L5-S1

FT, (°)
L4-L5

L5-S1

LDH
(n =529)
218:311

32 (26, 34)
22.72 (20.66, 24.51)

86 (16.26%)
61 (13.10%)

269 (50.85%)
181 (34.22%)
79 (14.93%)
43 (8.13%)

380 (71.83%)
149 (28.17%)

43 (40.5, 46)

45.5 (44, 47.5)

3(2,4)

3 (2, 5)

* Statistical significance was achieved when p < 0.05.

N-LDH
(n=122)
66:56

31 (28, 33)

23.06 (20.99, 25.25)

22 (18.03%)
17 (13.93%)

55 (45.08%)
44 (36.07%)
23 (18.85%)
9 (7.38%)

45.5 (39, 51.5)

51 (45.5, 56.5)

2(1,4)

2(1,3)

0.010"
0.278
0.671

0.635
0.470
0.420

0.783

0.005"

*

<0.001

*

<0.001

0.002"

BMI, body-mass index; FO, facet orientation; FT, facet tropism; LDH, lumbar disk herniation; N-LDH,
non-LDH; FO,, the average FO of bilateral facet joints.

Laterality
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No significant differences were found between central, right-sided, and left-sided LDH (p > 0.05) for
demographic data (sex, age, BMI, current smoking status, alcohol use, occupation, and trauma history);
statistically significant differences were found for vertebral segment (p = 0.042), FO, (p = 0.002), FOR (p <

0.001),and FT (p<0.001) (Table 2).
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Table 2

The demographics of LDH,, LDHg, and LDH,, groups

Variable

Gender (female:
male)

Age, (years)

BMI, (kg/m?)

Current smoking, n
(%)

Alcohol, n (%)
Occupation, n (%)
Worker

Student

Office staff
Trauma history, n (%)
Level of LDH, n (%)
L4-L5

L5-S1

FO, (*)

FO |

FO R

FT. ()

of LDH.

LDH, (n = 234)

92:142

32 (35.25, 34)

22.79 (22.66,
24.79)

36 (15.38%)

37 (15.81%)

120 (51.28%)
42 (17.95%)
72 (30.77%)
21 (8.97%)

164 (70.09%)
70 (29.91%)

43 (40, 46)
45 (42, 48)

3(2,5)

LDHg, (n = 207)

87:120

33 (26, 34)

22.66 (20.53,
24.45)

36 (17.39%)

31 (14.98%)

103 (49.76%)
28 (13.53%)
76 (36.71%)
11 (5.31%)

160 (77.29%)
47 (22.71%)

45 (42, 47)
43 (41, 45)

3(2,4)

* Statistical significance was achieved when p < 0.05.

LDHy, (n = 88)

39:49

31.5 (25.75, 34)

22.54 (20.95,
24.05)

14 (15.91%)

15 (17.05%)

46 (52.27%)
9 (10.23%)

33 (37.50%)
12 (13.64%)

56 (63.64%)
32 (36.36%)

44.5 (41, 47)
44 (41.25, 47)

2 (0,3.75)

P

0.686

0.612
0.729

0.846

0.903
0.335

0.054
0.042

0.002"
<0.001"

<0.001"

BMI, body-mass index; FO, facet orientation; FT, facet tropism; LDH, Lumbar disk herniation; L, left; R,
right; M, median; FO, angle degree of the left facet joint; FOg, angle degree of the right facet joint;

LDH,, left side protrusion of LDH; LDHg, right side protrusion of LDH; LDH,,, utterly central protrusion

Stratified analyses of different LDH level, the amount and percentages of different locations of LDH at
the L4-L5 and L5-S1 level with FO, > FOg, FO, < FOg and FO, = FOg were conducted. Pearson 3x3 and

2x2 contingency tables for 2 tests are presented for stratified analyses (Table 3 and Table 4,

respectively). There was a significant association between herniation laterality and FO at the L4-L5 level
(p<0.001) but not for the L5-S1 level (p = 0.567). When central LDH and herniations without FT (FO, =
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FOg) were removed at the L4-L5 level, FO, < FOg for 112 of 148 (75.7%) patients with left-sided
herniations compared with FO, > FOg for 100 of 146 (68.5%) patients with right-sided herniations (p <
0.001)

Relationship between the location of LDH and d-li-?lere;r?t FO of bilateral facet joints in L4-L5 and L5-S1.
Variable LDH, (n = 234) LDHg (n = 207) LDH,, (n = 88) P
L4-L5

FO |.p N (%) 36 (21.95%) 100 (62.50%) 18 (32.14%)

FO | <r N (%) 112 (68.29%) 46 (28.75%) 20 (35.71%)

FO g N (%) 16 (9.76%) 14 (8.75%) 18 (32.14%)

Total 164 160 56 <0.001*
L5-S1

FO |op N (%) 30 (42.86) 25(53.19%) 13 (40.63%)

FO |<r N (%) 33 (47.14%) 18 (38.30%) 12 (37.50%)

FO |-p N (%) 7 (10%) 4 (8.51%) 7 (21.88%)

Total 70 47 32 0.567

* Statistical significance was achieved when p < 0.05.

LDH, lumbar disk herniation; FO, facet orientation; L, left; R, right; M, median;FO | g, the degree of FO,
higher than the degree of FOg; FO | ., the degree of FOg higher than the degree of FO; FO g, the
degree of FOR equal with the degree of FO; LDH,, left side protrusion of LDH; LDHpg, right side
protrusion of LDH; LDH,,, utterly central protrusion of LDH.
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Table 4
Relationship between the location of LDH and different FO of bilateral facet joints in L4-L5.

Variable LDH, LDHg P

FO |.p N (%) 36 (24.3%) 100 (68.5%)

FO |p N (%) 112 (75.7%) 46 (31.5%)

Total 148 146 <0.0071*

* Statistical significance was achieved when p < 0.05.

LDH, lumbar disk herniation; FO, facet orientation; L, left; R, right; FO ., the degree of FO, higher than
the degree of FOg; FO | g, the degree of FOg higher than the degree of FO; LDH,, left side protrusion of
LDH; LDHpg, right side protrusion of LDH.

Discussion

Structure and functional characteristics of the intervertebral
disk and facet joints

An intervertebral disk consists of three structurally different tissues: the annulus fibrosus, the nucleus
pulposus, and two cartilaginous endplates that connect the disk to adjacent vertebrae [23, 24].
Throughout a person’s lifetime, their intervertebral disks undergo morphological and functional
degeneration. Degeneration of the intervertebral lumbar disks can result in herniation of the nucleus
pulposus, which causes the inflammation or compression of neighboring tissues and a series of clinical
symptoms. The highest incidences of disk herniation are for the L4-L5 and L5-S1 disks, with a
combined incidence of 95%.[25] LDH is a serious threat to the health of the older and middle-aged adults.
However, with the increasing pressure of daily life, the amount of activity and load on the spine have
slowly increased. This has resulted in adults being more likely to experience LDH at a younger age—there
is an increasing number of patients with LDH in the youth population. Because LDH experienced by youth
patients usually do not have a long-term physical labor occupation or previous trauma as a cause, if
relevant risk factors are identified early on, it may be possible to intervene prior to the start of the disease
to prevent LDH.

The facet joints are the only synovial joints in the lumbar spine. Both sides of the facet joints and the
corresponding intervertebral disk form a three-joint complex. Previous studies have shown that the two
facet joints, with the intervertebral disk, carry loads in the lumbar spine [11, 26, 27] and that any deformity
in one facet joint could cause asymmetric stress distribution to all three structures. Facet joints share the
vertical compression loads of the lumbar spine and also protect the intervertebral disks from being
subjected to excessive rotation [28]. The role of facet joint abnormality as a cause of LDH has been well
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studied during recent years [8—10, 15, 29-31]. Nevertheless, it remains unclear whether changes in facet
joint geometry (FO and FT) are natural morphological variations or the result of reconstruction.

Relationships between facet orientation, facet tropism, and
lumbar disk herniation in the corresponding segment

In 1967, Farfan et al. [32] first proposed that facet joint asymmetry was a possible cause of LDH. Since
then, studies have yielded conflicting findings about facet joint parameters and the pathogenesis of LDH
[17,33-36].

Van Schaik et al. [37] measured facet asymmetry in 100 patients with backache, sciatica, or both and
found that there was an equal distribution of herniation to the side of both the more coronally oriented
and more sagittally oriented facet joint. With greater asymmetries, there was a greater incidence of
unilateral disk protrusion toward the more coronally oriented joint. Park et al. [38] compared far lateral
and posterolateral LDH and found that differences in FT and disk degeneration might able to distinguish
far lateral herniation from posterolateral LDH. Noren et al. [22] also concluded that facet joint asymmetry
is a risk factor for lumbar disk degeneration and herniation. Karacan et al. [39] observed that patients
with LDH had greater asymmetries and more sagittally oriented facet joints and that these alterations
were more evident in taller patients. More recently, Wang et al. [40] concluded that measurements taken at
different parts of facet joints may result in discrepancies in FT identification; asymmetry between
ipsilateral cephalad and caudad portions of the facet is associated with L4—5 LDH in older adult patients.

In contrast, others have found evidence to support that lumbar facet joint asymmetry is congenital and
not due to age or degeneration [14, 41-43]. Lee et al. [14] assessed 149 intervertebral disks in 140
adolescents (13 and 18 years) and 119 intervertebral disks in 111 adults (aged 40 and 49 years) with
LDH and found that there was no significant difference in FT between herniated and normal disks in both
groups, except for at the L4—-L5 level in the adults. Thus, FT had not influenced the development of
herniation of the lumbar disk in either adolescents or adults. Cassidy et al.[43] found that there was no
difference in the distribution of more coronally or sagittally oriented facet joints with respect herniation
laterality. Vanharanta et al. [41] showed that there was no association between FT and lumbar disk
diseases, such as herniation and degeneration.

In the present study, we compared FO and FT between patients with LDH and patients in a control group;
we found that there was a significant relationship between these parameters and LDH at the L4-L5 and
L5-S1 levels.

What is the reason for the inconsistencies between the results of previous studies? Many factors, such as
the method used to measure facet joint angle, the definition of FT, or the type of control group could
affect study findings. The age of the study population was also considered an important factor which
influences the results of correlations between facet joint parameters and LDH. Changes in facet joint
parameters may be the result of prior LDH, especially in older patients with a long history of LDH, but this
hypothesis needs to be verified. Intervertebral disk degeneration is more prevalent with increasing age,
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and changes such as decreased disk height index and increased sagittal range of motion alter the
biomechanics of vertebral segments. As a result, facet joints can be overloaded and become more
susceptible to anterior shearing forces, which leads to facet joint remodeling and LDH[21, 29].

At present, it is difficult to know whether changes in facet joint parameters act as the primary
morphological variations or it should be recognized as a secondary reconstruction. In the present study,
to eliminate the influence of age and prove the initial influence of facet joint parameters on intervertebral
disk of the corresponding level, we only included patients between 18 and 35 years of age with a clinical
history less than 2 years, which is distinguished from previous studies[9, 21]. We demonstrated that FO
and FT were significantly associated with LDH at both L4—-L5 and L5—-S1 levels. The LDH group had
significantly greater FT and lower FO than those in the control group. These differences may be attributed
to secondary changes that lead to LDH in young adult patients as a result of facet joint parameter
abnormalities, especially in young adult patients who have not engaged in long-term physical labor or
experienced previous trauma. Higher FT may be risk factors for LDH in young adult patients.

Biomechanical studies have found that facet joint parameters significantly influence the biomechanics of
a corresponding segment [29, 31, 44—47]. Sagittal orientation of the facet joints promote anterior gliding
by reducing resistance to anterior shear forces [29], and when tropism is present, segments were found to
have a tendency to rotate toward the more oblique facet joint under axial loading. This can place
additional torsional loads on the intervertebral disk and plausibly contribute to intervertebral disk or facet
injury and degeneration. Nonetheless, the sagittal orientation of facet joints allow a trade-off between
angular motion and rotation. Gradually, rotational movement indirectly causes tensile stress in the
annulus of the intervertebral disk, leading to protrusion on the sagittal side [48]. In the present study, we
found that there was a significant relationship between herniation laterality and FO at the L4-L5 level;
intervertebral disk herniation tended to protrude ipsilateral to the side with a lower FO, which could
suggest that herniation tended toward the sagittally oriented facet joint whenever there was a
combination of sagittal and coronal orientation. However, one previous study provided contradictory
evidence[49]; therefore, further clinical and biomechanical research is required.

We also found that FT is significantly related to LDH at the L4—-L5 segment but not at the L5-S1 level
segment, and that, likewise, there was a significant association between the herniation laterality and FO
at the L4-L5 segment but not at the L5-S1 level segment. We speculated the reason for this is that the
L5-S1 intervertebral disk is below the iliac crest, which may restrict the motion of that segment; and thus,
there may be reduced stress and shear forces in the L5—S1 intervertebral disk.

Limitations and Meaning

This study had several limitations. First, this was a retrospective nonrandomized case-control study with
specific groups. Second, we did not use sagittal balance, paraspinal muscle volume, pelvic and angular
parameters, and other demographic features that may individually affect the occurrence of LDH. Third,
our study was limited by geometric considerations. The articular surface of the facet joint was viewed as
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a flat plane, which is not the most suitable representation of the complex three-dimensional geometry of
the facet joints and their relationship with the lumbar disk degeneration.

Our recent biomechanical research identified the biomechanical influence of facet joint parameters on
corresponding segments in the lumbar spine[50]; therefore, in this study, we aimed to determine the
relationship between facet joint parameters and LDH in young adult individuals to better understand the
mechanisms of degeneration and the progression of degenerative disk disease. To the best of our
knowledge, this is the first study to provide evidence to support that there are relationships between the
facet joint parameters of a given segment and corresponding disk herniation laterality.

Conclusion

In summary, we showed that facet joint parameters (FO and FT) are related to LDH in young adult
patients. Intervertebral disk herniation tended to occur ipsilateral to the side with a lower FO at the L4-L5
segment. The exact mechanisms linking facet joint parameters and LDH require further clinical and
biomechanical investigation.

Abbreviations

FO: Facet orientation, FT: Facet tropism, LDH: lumbar disc herniation, IVD: Intervertebral discs, AF:
Annulus fibrosus, NP: Nucleus pulposus.
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Diagram of the method used to measure the facet joint angle. The facet line is drawn between the 2
peaks of each of the superior articular facets (D and E). The midline is drawn through the center of the
lumbar vertebral body (O, AO = OB) and the middle point of the base of the spinous process. The angle
between the midsagittal line and facet line was measured for each side of the lumbar vertebral body. FOR
= aR, theright facet angle, FOL = aL, the left facet angle), FT = | aR - aL |, the absolute value of FOR and
FOL.
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Figure 2
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A 35-year-old male with a 1-year history of left lower limb radiating pain. The CT image (axial view) of L4-
L5 level showed the herniation located on the left side, FOL = 32°, FOR = 41°, FT = 9°.

Figure 3

A 27-year-old male with a 2-year history of low back pain and left lower limb radiating pain. The CT image
(axial view) of L5-S1 level showed the herniation located on the left side, FOL = 49°, FOR = 62°, FT = 13°.
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