https://ruralneuropractice.com

@J ScientificScholar ®

Journal of Neurosciences in Rural Practice

Publisher of tific Journals

Original Article
The relationship between bone canal diameter and facet tropism in
cases of lumbar spinal stenosis

Ezgi Akar!, Fatih Toprak!, Ahmet Ogrenci?

'Department of Neurosurgery, Haydarpasa Numune Training and Research Hospital, 2Department of Neurosurgery, Medicana Atasehir Hospital, Istanbul,
Turkey.

ABSTRACT

Objectives: Lumbar spinal stenosis (LSS) is a condition that increases in frequency with the aging of the spine and has adverse effects on the quality of
life of individuals. Facet tropism (FT) refers to the difference in the orientation of the facet joints relative to each other in the sagittal plane. This situation
may be due to a developmental defect or different stimuli. In many biomechanical studies in the literature, the relationship between FT and lumbar
degenerative disorders has been investigated. In this study, we aimed to investigate whether there is a relationship between anteroposterior bone canal
diameter and FT in LSS cases

Materials and Methods: We retrospectively evaluated the CT and T2-weighted axial and sagittal magnetic resonance imaging of the lumbar region of 100
LSS patients who were operated on in our clinic between 2015 and 2017. For each patient, the facet joint angles, the degree of FT, and the AP diameter of
the spinal canal were determined.

Results: The cases were grouped according to FT types and no correlation was found between midsagittal bone spinal canal measurement and FT types.
According to the results, no significant difference was found.

Conclusion: As a result, because of there is no relationship between midsagittal bone canal diameter and FT, we thought that FT may be both a part of the

degenerative process and a congenital origin.
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INTRODUCTION

Lumbar spinal stenosis (LSS) is the result of congenital or
degenerative narrowing of the neural canal and foramen
leading to compression of the lumbosacral nerve root or
cauda equina.l’ LSS was etiologically classified by Arnoldi
as normal canal, congenital/developmental stenosis,
degenerative stenosis, congenital/acquired stenosis with
disc herniation, degenerative stenosis with disc herniation,
congenital/developmental, and superimposed degenerative
stenosis.!!! The symptoms are thought to result from ischemia
as a result of compression of the vasa nervorum in the
relevant region of the spinal cord and cauda equina nerve
fibers.”® It is mainly seen with neurogenic complaints
accompanied by degenerative spondylotic changes in
individuals in the fourth and fifth decades of life.>! LSS is a
well-known and common cause of back pain in addition to
radiculopathy and neurogenic claudication.” Neurogenic
claudication may be as bilateral or unilateral hip and

lower extremity pain. It is also characterized by heaviness,
numbness, tingling or weakness in the feet, and loss of
strength is usually not observed. Symptoms are exacerbated
by walking and standing and relieved by sitting or leaning
forward. Axial loading of the lumbar spine and bending in
hyperextension will increase the existing narrowing of the
spinal canal, worsening clinical symptoms.!

Clinical symptoms and radiological findings provide
significant benefits in diagnosis. Magnetic resonance imaging
(MRI), computed tomography (CT), and CT myelography
may be requested to diagnose patients with suspected LSS.
Limit values of generally accepted quantitative parameters
in the radiological diagnosis of LSS are 12 mm for the
midsagittal diameter of the dural sac, 3 mm for the foramen
diameter, and 3 mm for the lateral indentation height.%-2
However, the limit value of radiological spinal bone canal
narrowing, which causes clinically significant stenosis, is not
clear.”’’ The dural sac cross-sectional area <100 mm 2 in a
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radiological study of narrow canal cases!®! In 1950, Verbiest.
defined absolute stenosis as an anteroposterior (AP) diameter
of <10 mm on CT myelography.©?!

Facet joints, also known as zygapophyseal joints, are
synovial joints between two vertebrae in the posterior
column [Figure 1].These joints are the key structure of the
posterior column and play an essential role in the stability of
the spine. They also play an important role in load sharing
and limiting axial rotation.!'*"® Facet tropism (FT) is
called as the difference in the orientation of the facet joints
relative to each other in the sagittal plane. The facet angle
is the angle between the midsagittal line and the vertebral
facet. The difference between the facet angle of the two
sides gives the FT measurement.™™ In 1967, Farfan and
Sullivan found an association between the development
of disc herniation as a result of rupture of the posterior
annulus and the more coronally facing facet joint.'"? The
cutoff value to define FT is not well defined in the literature.
Typical cutoff values are considered 10 degrees and
below. FT causes unequal loading on the facet joints. This
situation leads to an asymmetrical distribution of weight
and biomechanical force over the intervertebral disc. It
may thus cause a reduction or even flattening of the lumbar
lordosis and lead to spondylolisthesis, unilateral foraminal
stenosis, and radiculopathy.'*"”? Common symptoms of FT
include localized pain and tenderness over the facet joint,
low back stiffness, and pain that increases with prolonged
standing." Lumbar facet joint asymmetry is a congenital
structural finding not related to age or degeneration.!' In
this study; by evaluating whether there is a relationship
between the AP bone canal diameter and the degree and type
of lumbar FT in our patients with narrow canal operated in
our clinic; we aimed to give an idea about the congeniality or
acquired of FT.

MATERIALS AND METHODS

We retrospectively evaluated CT and T2-weighted axial and
sagittal magnetic resonance imaging (MRI) images of 100 LSS
patients who were operated on in our clinic between 2015 and
2017. Measurements were made by two blinded observers
and patients were randomly selected. The AP diameter of
the bone spinal canal at the level of the surgically performed
lumbar vertebra of each patient was measured using axial
CT images. The AP diameter was measured perpendicular
to the posterior cortex of the vertebral body with the cranial
border of the lamina at the pedicle level.*® The AP diameter
of the bone canal at the level of the lumbar stenosis level of
the patients was considered to be <17 mm as congenital LSS.
Furthermore, the method described by Noren et al. was used
to measure the facet joint angle in T2-weighted MRI images
of the patients [Figure 2]. For each facet joint surgically
treated, a tangential line through the superior articular
process was drawn and was intersected with the line passing

Figure 1: Schematic imagines provide sagittal and axial view of
two lumbar vertebrae. (a) First arrow indicates measurement
of midsagittal diameter of dural sac, second arrow indicates
measurement of anteroposterior diameter of osseous spinal canal,
and third arrow indicates measurement of anteroposterior diameter
of foramen. (b) APD: Anterior-posterior diameter.

Figure 2: The method of facet angle measurement.

through the midsagittal plane of the spinal corpus. The angle
between the superior articular joint and the central line was
measured.™ The FT degrees of each spine level in the lumbar
region were calculated and the mean degree difference of the
facet joints at all levels was determined. The angle difference
between the right and left facet joints was determined for
each level, and the degree of FT was defined according to the
types indicated by Boden et al. Accordingly, there are four
types of FT. (1) There is no facet joint asymmetry in patients
whose angle difference between the right and left facet joints
is <6 degrees; no FT, (2) there is mild facet joint asymmetry
in patients whose angle difference between the right and left
facet joints is between 6 and 10 degrees; FT mild, (3) there
is moderate facet joint asymmetry in patients whose angle
difference between the right and left facet joints is between
11 and 16 degrees; FT moderate, and (4) there is severe facet
joint asymmetry in patients whose angle difference between
the right and left facet joints is >16 degrees; FT severe. Thus,
the degree of FT was classified in this way.!"”!
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The relationship between FT types and bone canal diameter
was evaluated statistically. Patients with a history of the
previous spinal surgery, post-traumatic infection, congenital
spinal deformities, patients with kyphoscoliosis, and patients
with pathologies such as pars defect and a history of tumoral
disease were excluded from this study.

Statistical analysis

Since the data obtained from the group consisting of a
total of 100 patients did not have a normal (gaussain)
distribution, the statistical evaluations between the groups
were made using the 2-Sample Kolmogorov-Smirnov (K-S
Test) test method. In addition, the Kruskal-Wallis test
method, which can make comparisons between multiple
groups, was also used. It was evaluated whether the test was
statistically significant in the P value obtained as a result of
the test, and P < 0.05 (5%) means a significant difference.
All obtained data were stored and analyzed in the MATLAB
2021A Statistics and Machine Learning Toolbox Version 11.2
program. As the descriptive statistical parameters, the mean,
standard deviation, and median deviation of the data of the
patients in the group were assessed, and 2-sample K-S and
Kruskal-Wallis test methods were performed.

RESULTS

In view of the results, 49 (49%) of the cases were in the group
without FT and the midsagittal bone canal diameter was
15 mm on average. There was “mild type” FT in 22 (22%) of the
cases, and the midsagittal bone canal diameter was 15.9 mm on
average. In 15 (15%) of the cases, “middle type” FT was present,
and the mean midsagittal bone canal diameter was 16.2 mm.
In 14 (14%) of the cases, “severe type” FT was present, and the
mean midsagittal bone canal diameter was 15.25 mm [Table 1].
According to our t-test results, when the cases were grouped
considering FT types, there was no significant relationship
between midsagittal bone spinal canal measurement and FT
types (P = 0.4) [Table 2]. Since the distribution does not show a
normal distribution and has an exponential distribution, when
the median value is taken into account instead of the statistical
sample mean value, it is seen that the dominant region of the FT
type belongs to the “no type” class. When the male and female
patients were grouped together, the FT scores of both groups
were subjected to the 2-sample K-S test with 5% significance,
and P: 0.9 was obtained, and it was concluded that there was no
significant difference between the genders [Table 3]. Fifty-three
of our patients were women, 47 were men, and the mean age
was 54.7 years. The mean bone spinal diameter was 15.44 mm
in women and 15.37 mm in men.

DISCUSSION

Spinal stenosis can be seen at any age, but its frequency
increases after the age of 50 and begins to manifest clinically.

Table 1: Distribution of cases according to facet tropism types.

Mean STD Median  Number of

diameter diameter patients (%)

None patient group 15.03 2.65 15 49 (49/100)

Mild patient group ~ 15.39 3 15.9 22 (22/100)

Moderate 16.31 2.47 16.2 15 (15/100)
patient group

Severe 15.81 3.24 15.25 14 (14/100)
patient group

Table 2: Kruskal-Wallis ANOVA table for comparison of AP
diameters distribution according to FT types.

Source SS Df MS  Chi-square Prob
>Chi-square

Groups 24354 3 81179 2.89 0.4082

Error 80858.6 96 842.277

Total 83294 99

AP: Anteroposterior

LSS progresses due to degenerative processes and stenosis
of the spinal canal increases. It also causes an increase in
vascular compression of neural structures. As a result,
patients’ pain does not respond to almost any conservative
treatment. Therefore, surgery is recommended for patients
and LSS is the most common indication for spinal surgery
in patients over 65 years of age. The spinal cord and neural
elements show less individual variation than the bone spinal
canal. In elderly patients, lumbar canal narrowing can often
be detected radiologically. However, this degree of narrowing
may not be proportional to the severity of symptoms. In
fact, most patients are asymptomatic. For this reason,
making the correct diagnosis remains a challenge for both
clinicians and radiologists. The normal sagittal diameter of
the bone spinal canal in the lumbar region is between 15
and 25 mm.!*#8222] Tt was first systematically described by
Verbiest, both anatomically and clinically. If the AP diameter
of the spinal canal in the lumbar region is <10 mm, it is called
absolute stenosis, and if it is between 10 and 13 mm, it is
called relative stenosis.?"! However, the degree of narrowing
of the neural canal causing clinically symptomatic stenosis
is not clear radiologically and individual differences are
common. For this reason, radiological findings alone are
not sufficient to determine clinical severity and treatment
plan.® There is focal, segmental, or diffuse narrowing in the
LSS that compresses the spinal cord and/or the lumbosacral
nerve roots.”?! The most common cause of LSS is various
degenerative changes that occur in the discs, facet joints,
or vertebral bodies."! In acquired LSS (ALSS), osteophyte
formation in the facet joints, thickening of the ligamentum
flavum, and swelling of the intervertebral disc are remarkable.
This situation compresses the lateral areas of the spinal cord
and/or nerve roots, and patients develop symptoms. CLSS
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Table 3: Two sample Kolmogorov-Smirnov test results.

AP diameter of spinal canal for male patient AP diameter of spinal canal for female patient ~ K-S Test
group group Result
Number of Patients Mean STD  Median Number of Patients Mean STD Median (P-Value)
Diameter (mm) 47 (47%) 1537 295 156 53 (53%) 1544 267 152 0.9

AP: Anteroposterior

has a shorter pedicle length and smaller cross-sectional
spinal cord area due to dysplasia of the bone structure.
CLSS is likely to result from abnormal fetal and postnatal
development of the lumbar spine, and symptoms appear
earlier, usually in the 4"-5" decades of life. In CLSS, there is
stenosis at the level of at least three vertebrae in the sagittal
diameter of the spinal canal. Normal values for spinal canal
diameter in the lumbar region are as below <19 mm for L1
level, <19 mm for L2 level, <18 mm for L3 level, <18 mm for
L4 level, <18 mm for L5 level, and <16mm for S1 level.2?>?7

According to a study, FT was defined as the difference in
symmetry resulting from unequal rotation of the right
and left facet joints relative to each other in the axial plane
of a vertebral level.? This situation may be caused by a
developmental defect or different stimuli. Studies in the
literature have shown that the incidence of FT and related
syndromes in the lumbar region varies between 40% and
70%, and the most frequently affected level is the L4-L5
level."**! In addition to this, Karacan et al. found the rate of
FT in the lumbar region to be 14-28%.%"! FT is more than
just a radiological finding, as it has been implicated in the
etiopathogenesis of facet joint degeneration, disc herniation,
and degenerative spondylolisthesis. However, the diagnosis of
FT is usually made using radiological imaging examinations
taken to evaluate pathologies associated with low back pain.
Xu et al. found that CT and MRI studies were reliable in
assessing the severity of FT.?®! However, facet joint blockade
can be performed for both diagnostic and therapeutic
purposes in low back pain secondary to FT. FT can also cause
a reduction or even flattening of the lumbar lordosis, while
causing a slight scoliosis or change in position in the sagittal
plane of the spine. During the flexion-extension movement in
a normal healthy spine, the zygapophyseal joint in each facet
moves with sliding movement over each other in the sagittal
plane. Consequently, these joints play an important role in
restricting axial rotation. However, the fact that one of the
facet joints is closer to the coronal region limits flexion and
extension movements. This causes the spine to rotate toward
the facet joint, which is closer to the sagittal axis. As a result
of FT, torsional stress is higher in the annulus fibrosus due to
unrestricted rotation on the side with the larger facet angle.
This results in unequal biomechanical forces on the facet joint
and intervertebral disc during rotational movements. It has
been suggested that this condition predisposes individuals
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to degenerative diseases and is a potential risk factor for low
back pain in individuals. However, disc degeneration begins
in the second decade of life in individuals. This process
becomes evident in the presence of FT.I4162%3033] In 1967,
Farfan and Sullivan studied the relationship between facet
joint asymmetry and tear patterns of the posterior annulus.
As a result, they found a high correlation between the
herniated side of the disc and the more coronal facet joint.!'?
There are various studies investigating whether there is a
relationship between FT and the development of facet joint
degeneration. Giles et al. observed greater loss of hyaline
cartilage in the more sagittalized facet of the patient with
FT.*Y Boden et al. divided FT into four groups as no tropism,
light, moderate, and heavy tropism."” Akar et al. compared
the morphological features of congenital and acquired LSS
in their study. According to this study, facet joint angle and
type of tropism are not distinguishing factors in the etiology
of congenital and acquired LSS.® Linov et al. examined the
association between facet orientation, tropism, and facet
joint osteoarthritis and found no association between FT
and the development of facet joint osteoarthritis.’® Zhu et al.
investigated the association between lumbar disc herniation
and facet joint osteoarthritis and found no association
between FT and facet joint osteoarthritis.®¥ Cassidy et al.
reported that the relationship of facet asymmetry with the
disc herniation side is controversial.**! In their study on 21
cadavers, Grogan et al. suggested that facet joint tropism in
the lumbar region is ineffective in accelerating facet joint
degeneration. Fujiwara et al. reported that more sagittal
facet joint orientation occurs secondary to osteoarthritis
remodeling.”” In addition, we grouped the cases according
to FT types and found that there was no relationship between
midsagittal bone spinal canal measurement and FT types.
According to our findings, “none type” FT was present in most
of our cases. Accordingly, we could not find a relationship
between LSS and FT. In addition, when we compared bone
canal measurement and FT types, there was no relationship
between canal diameter and FT. Correspondingly, there was
no correlation between decreased bone canal diameter or
congenital spinal stenosis and FT. Masharawi et al. stated that
asymmetry in facet orientation is usually a normal feature in
the thoracic spine, but it may be associated with pathological
conditions in the lumbar spine.*®! Mohanty ef al. determined
the prevalence of FT in L1-L2, L2-L3, L3-L4, L4-L5, and L5-
S1 as 22.42%, 25%, 27.19%, 47.82%, and 38.5%, respectively.
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The higher prevalence of FT in L4-L5 and L5-S1 seen in this
study may explain the higher incidence of disc herniation and
other degenerative disorders at these levels.” Degulmadi
et al. aimed to elucidate the relationship of FT with lumbar
degenerative listesis and disc herniation. Kong et al. studied
the effect of lumbar FT on intervertebral disc degeneration,
facet joint degeneration, and segmental translational motion.
This study showed that FT was significantly associated
with the presence of high-grade facet joint degeneration at
L4-L5. This suggests that FT may predispose to facet joint
degeneration in active regions of segmental motion."” In
our study, it was determined that there was no relationship
between midsagittal bone spinal canal measurement and FT
types when grouped according to FT types.

CONCLUSION

Based on the results of our study, as there was no association
between less midsagittal bone canal diameter and FT, we
concluded that FT may be part of the degenerative process,
but we cannot exclude a congenital origin.

Declaration of patient consent

Patient’s consent not required as there are no patients in this
study.

Financial support and sponsorship

Nil.

Conflicts of interest

There are no conflicts of interest.

REFERENCES
1. Arnoldi CC, Brodsky AE, Cauchoix J, Crock HYV,
Dommisse GE Edgar MA, et al. Lumbar spinal stenosis

and nerve root entrapment syndromes. Definition and
classification. Clin Orthop Relat Res 1976;115:4-5.

2. Kreiner DS, Shaffer WO, Baisden JL, Gilbert TJ, Summers JT,
Toton JE et al. An evidence-based clinical guideline for the
diagnosis and treatment of degenerative lumbar spinal stenosis
(update). Spine ] 2013;13:734-43.

3.  Hamanishi C, Matukura N, Fujita M, Tomihara M, Tanaka S.
Cross-sectional area of the stenotic lumbar dural tube
measured from the transverse views of magnetic resonance
imaging. J Spinal Disord 1994;7:388-93.

4. Porter RW. Spinal stenosis and neurogenic claudication. Spine
(Phila Pa 1976) 1996;21:2046-52.

5.  Genevay S, Atlas SJ, Katz JN. Variation in eligibility criteria
from studies of radiculopathy due to a herniated disc and
of neurogenic claudication due to lumbar spinal stenosis:
A structured literature review. Spine (Phila Pa 1976)
2010;35:803-11.

6. Munakomi S, Foris LA, Varacallo M. Spinal Stenosis and

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Neurogenic Claudication. Treasure Island, FL: StatPearls; 2022.
Verbiest H. Results of surgical treatment of idiopathic
developmental stenosis of the lumbar vertebral canal. A review
of twenty-seven years experience. ] Bone Joint Surg Br
1977;59:181-8.

Schonstrom NS, Bolender NF, Spengler DM. The
pathomorphology of spinal stenosis as seen on CT scans of the
lumbar spine. Spine (Phila Pa 1976) 1985;10:806-11.

Huang X, Ye L, Liu X, Weng R, Tan ], Xie P, et al. The
relationship between facet tropism and cervical disc herniation.
J Anat 2020;236:916-22.

Rong X, Wang B, Ding C, Deng Y, Chen H, Meng Y, et al. The
biomechanical impact of facet tropism on the intervertebral disc
and facet joints in the cervical spine. Spine J 2017;17:1926-31.
Alonso E Kirkpatrick CM, Jeong W, Fisahn C, Usman S,
Rustagi T, et al. Lumbar facet tropism: A comprehensive
review. World Neurosurg 2017;102:91-6.

Farfan HE Sullivan JD. The relation of facet orientation to
intervertebral disc failure. Can J Surg 1967;10:179-85.

Chadha M, Sharma G, Arora SS, Kochar V. Association of facet
tropism with lumbar disc herniation. Eur Spine J 2013;22:1045-52.
Rankine JJ, Dickson RA. Unilateral spondylolysis and
the presence of facet joint tropism. Spine (Phila Pa 1976)
2010;35:E1111-4.

Katz JN, Harris MB. Clinical practice. Lumbar spinal stenosis.
N Engl ] Med 2008;358:818-25.

Gao T, Lai Q, Zhou S, Liu X, Liu Y, Zhan P, et al. Correlation
between facet tropism and lumbar degenerative disease:
A retrospective analysis. BMC Musculoskelet Disord
2017;18:483.

Tobin MK, Gragnaniello C, Horwitz J, Sun FW, Schizas C,
Neckrysh S. Generational changes in lumbar spinal canal
dimensions: Findings from a sample U.S. population. World
Neurosurg 2021;146:€902-16.

Noren R, Trafimow J, Andersson GB, Huckman MS. The role
of facet joint tropism and facet angle in disc degeneration.
Spine (Phila Pa 1976) 1991;16:530-2.

Boden SD, Riew KD, Yamaguchi K, Branch TP, Schellinger D,
Wiesel SW. Orientation of the lumbar facet joints: Association
with degenerative disc disease. J Bone Joint Surg Am
1996;78:403-11.

Aaen J, Austevoll IM, Hellum C, Storheim K, Myklebust TA,
Banitalebi H, et al. Clinical and MRI findings in lumbar spinal
stenosis: Baseline data from the NORDSTEN study. Eur Spine
] 2022;31:1391-8.

Verbiest H. A radicular syndrome from developmental
narrowing of the lumbar vertebral canal. ] Bone Joint Surg Br
1954;36-B:230-7.

Ciricillo SE Weinstein PR. Lumbar spinal stenosis. West ] Med
1993;158:171-7.

Singh K, Samartzis D, Vaccaro AR, Nassr A, Andersson GB,
Yoon ST, et al Congenital lumbar spinal stenosis:
A prospective, control-matched, cohort radiographic analysis.
Spine ] 2005;5:615-22.

Miyazaki M, Morishita Y, Takita C, Yoshiiwa T, Wang JC,
Tsumura H. Analysis of the relationship between facet joint
angle orientation and lumbar spine canal diameter with respect
to the kinematics of the lumbar spinal unit. J Spinal Disord

Journal of Neurosciences in Rural Practice « Volume 13 « Issue 4 « October-December 2022 | 645



Akar, et al.: Relationship between bone canal diameter and facet tropism

25.

26.

27.

28.

29.

30.

31

32.

33.

Tech 2010;23:242-8.

Moro T, Kikuchi S, Konno S. Clinical anatomy of lumbar spine.
Clin Calcium 2005;15:39-44.

Kalichman L, Suri P, Guermazi A, Li L, Hunter DJ. Facet
orientation and tropism: Associations with facet joint
osteoarthritis and degeneratives. Spine (Phila Pa 1976)
2009;34:E579-85.

Karacan I, Aydin T, Sahin Z, Cidem M, Koyuncu H, Aktas I,
et al. Facet angles in lumbar disc herniation: Their relation to
anthropometric features. Spine (Phila Pa 1976) 2004;29:1132-6.
Xu C, Ding ZH, Xu YK. Comparison of computed tomography
and magnetic resonance imaging in the evaluation of
facet tropism and facet arthrosis in degenerative cervical
spondylolisthesis. Genet Mol Res 2014;13:4102-9.

Degulmadi D, Dave BR, Krishnan A. Age and sex-related
changes in facet orientation and tropism in lower lumbar spine:
An MRI study of 600 patients. Eur Spine ] 2019;28:961-6.

Kim HJ, Chun HJ, Lee HM, Kang KT, Lee CK, Chang BS, et al.
The biomechanical influence of the facet joint orientation and
the facet tropism in the lumbar spine. Spine J 2013;13:1301-8.
Giles LG. Lumbo-sacral zygapophyseal joint tropism and
its effect on hyaline cartilage. Clin Biomech (Bristol, Avon)
1987;2:2-6.

Akar E, Somay H. Comparative morphometric analysis of
congenital and acquired lumbar spinal stenosis. ] Clin Neurosci
2019;68:256-61.

Linov L, Klindukhov A, Li L, Kalichman L. Lumbar facet joint
orientation and osteoarthritis: A cross-sectional study. J Back
Musculoskelet Rehabil 2013;26:421-6.

Journal of Neurosciences in Rural Practice « Volume 13 « Issue 4 « October-December 2022 |

34.

35.

36.

37.

38.

39.

40.

Zhu K, Su Q, Chen T, Zhang J, Yang M, Pan J, et al. Association
between lumbar disc herniation and facet joint osteoarthritis.
BMC Musculoskelet Disord 2020;21:56.

Cassidy JD, Loback D, Yong-Hing K, Tchang S. Lumbar facet
joint asymmetry. Intervertebral disc herniation. Spine (Phila
Pa 1976) 1992;17:570-4.

Grogan ], Nowicki BH, Schmidt TA, Haughton VM. Lumbar
facet joint tropism does not accelerate degeneration of the facet
joints. AJNR Am ] Neuroradiol 1997;18:1325-9.

Fujiwara A, Tamai K, An HS, Lim TH, Yoshida H, Kurihashi A,
et al. Orientation and osteoarthritis of the lumbar facet joint.
Clin Orthop Relat Res 2001;385:88-94.

Masharawi Y, Rothschild B, Salame K, Dar G, Peleg S,
Hershkovitz I. Facet tropism and interfacet shape in the
thoracolumbar vertebrae: Characterization and biomechanical
interpretation. Spine (Phila Pa 1976) 2005;30:E281-92.
Mohanty SP, Kanhangad MP, Kamath S, Kamath A.
Zygapophyseal joint orientation and facet tropism and
their association with lumbar disc prolapse. Asian Spine |
2018;12:902-9.

Kong MH, He W, Tsai YD, Chen NE Keorochana G, Do DH,
et al. Relationship of facet tropism with degeneration and
stability of functional spinal unit. Yonsei Med J 2009;50:624-9.

How to cite this article: Akar E, Toprak E, Ogrenci A. The relationship
between bone canal diameter and facet tropism in cases of lumbar spinal
stenosis. ] Neurosci Rural Pract 2022;13:641-6.

646



