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ABSTRACT

AIM: To compare lumbar X-ray and magnetic resonance imaging (MRI) findings, and to identify the factors associated with joint
instability in cases with lumbar spondylolisthesis.

MATERIAL and METHODS: We performed a retrospective and observational study of patients with a confirmed diagnosis of
lumbar or lumbosacral low-grade spondylolisthesis at a single level. Preoperative X-ray and MRI examinations were evaluated.
Statistical analysis was performed using Fisher’s exact test and Kappa statistics.

RESULTS: The present study comprised 59 patients. Of these, 62% had Modic changes on MRI. Degenerative and isthmic
spondylolisthesis was found in 49.2% and 50.8% of patients, respectively. All patients had degenerative disc changes at the level
of the listesis. Moderate and severe facet asymmetry was observed 18 (30.5%) and three (5.1%) patients, respectively. Neutral
facets were observed in 64.4% of patients. Dynamic X-ray detected segmental mobility in 52.5% of the cases. There was a negative
correlation between the presence of tropism and joint mobility (p=0.03). Further, the degree of listesis was negatively correlated with
the presence of FT (p=0.02). Substantial agreement (91.52%) was observed between MRI and X-ray examinations (Kappa, 0.81;
Cl, 0.66-0.97).

CONCLUSION: MRI was sufficient for the diagnosis of lumbar spondylolisthesis and dynamic lumbar imaging was important in
defining segmental mobility. In addition, facet tropism appeared to have a protective effect on instability.
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B INTRODUCTION

umbar spondylolisthesis is a frequent cause of disabling
Lleg and back pain. The word spondylolisthesis means

“to slip” and derives from the Greek word “olistha’'nein”
(9). Spondylolisthesis is defined as the displacement of one
vertebra over the subjacent bone of more than 4.5 mm (14).

Spondylolisthesis has been etiologically classified by Wiltse
into five categories: isthmic, traumatic, degenerative, patho-
logic, and dysplastic (13,20). The degree of subluxation was
classified by Meyerding according to subluxation of the ver-
tebral body above on the vertebral body below according to
the following grades: grade 1, less than 25%; grade 2, 25%
to 50%; grade 3, 50% to 75%; grade 4, 75% to 100%; and
spondyloptosis >100%. Grades 1 and 2 are considered low-
grade (13).

Detailed preoperative radiological evaluation with dynamic
lumbar radiography (X-rays) and nuclear magnetic resonance
(MRI), is essential for the identification of instability and
determining the most appropriate surgical approach for the
correction of lumbar spondylolisthesis, such as arthrodesis
and instrumentation or simple neurological decompression
(11).

The determination of instability has been evaluated using
standing lateral dynamic (flexion and extension) X-rays. Hor-
izontal translation greater than 3 mm is considered a crite-
rion for instability (2). A number of MRI findings have been
described as suggestive of segmental instability including: the
presence of facet fluid greater than 1.5 mm (6); disc degener-
ation (DG) according to the Pfirrmann classification (16); and
facet tropism (FT) (4).

The objective of the present study was to compare the utility
of preoperative lumbar X-ray (neutral and dynamic) and MRI in
identifying factors associated with instability that may inform
the most appropriate surgical approach for the correction of
lumbar spondylolisthesis.

B MATERIAL and METHODS

This was a retrospective and observational study. Patients
who met the following criteria were included:

1. Confirmed diagnosis of lumbar or lumbosacral spondylo-
listhesis at a single level;

2. Low-grade spondylolisthesis;

3. Indication for surgical treatment between May 2012 and
November 2017;

4. Availability of preoperative MRl and static and dynamic
X-rays available;

5. Availability of consistent medical record information.

Imaging examinations were evaluated using Lyriapacs.
web software (i-medsys), which is linked to our institution’s
electronic medical records, by two different doctors with
experience in neuroimaging.
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Lumbar spondylolisthesis etiology was classified according to
Wiltse (20) into types | (dysplastic), Il (isthmic), Il (degenerative),
IV (traumatic), or V (pathological) based on imaging and clinical
history.

The degree of spondylolisthesis was defined as the ratio
between the distance of displacement of the lower plateau
of the upper vertebra in relation to the total size of the
upper plateau of the lower vertebra (Figure 1) (10,13).
Spondylolisthesis grades 1 and 2 were included.

Static and dynamic X-rays in orthostasis. Dynamic X-ray
was performed in maximum flexion and extension when in
orthostasis. Evaluation of MRI examinations was performed
using sagittal sections in the midline.

Joint mobility was defined as slip displacement of greater than
3 mm between flexion and extension on dynamic X-ray (2,8).

In addition, the degree of DG at the level of spondylolisthesis
was categorized from | to V according to Pfirrmann’s classifi-
cation (16). Changes in adjacent plateaus, when present, were
classified into types 1, 2, or 3, according to Modic (15).

FT was defined as the difference between the angle of the right
and left facets in relation to a straight line passing through the
axis of the spinous process (Figure 2). Difference less than
7° were considered symmetrical, between 7° and 15° were
considered moderately asymmetrical, and above 15° were
considered severely asymmetrical (4,18).

Figure 1: Method for calculating the degree of spondylolisthesis.
A line is drawn passing through the posterior wall of the lower
vertebra (a) and a parallel line (b) is drawn passing through the
posterior wall of the lower vertebra. The degree of listhesis was
defined as the ratio between the displacement distance (d) and
the size of the vertebral plateau (D).
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|

Figure 2: Method for calculating facet tropism. Facet angles (a
and b) are measured in relation to the axis of the spinous process.
Facet tropism was defined as the difference between the two
angles.

Statistical analysis was performed using Fisher’s exact test to
evaluate associations between variables. The Kappa statistic
was used to evaluate agreement (19).

B RESULTS

A total of 59 patients with low-grade spondylolisthesis were
included in the present study, comprising 50.8% males and
49.2% females. The mean age of included patients was 56.3
(17-78) years. MRI demonstrated Modic changes in 62% of
patients (type I, 21.6%; type 2, 54%; type 3, 24.3%; Table
[). Degenerative spondylolisthesis was observed in 49.2%
of patients, while 50.8% had isthmic spondylolisthesis. The
majority of patients had listesis at levels L4-L5 (52.5%) and
L5-S1 (32.2%). Listhesis at the L3-4 level was observed in 8
patients (13.5%) and only one patient had spondylolisthesis at
the L2-L3 level (1.6%; Table I).

All patients had degenerative disc changes at the level of the
listesis and most had high degrees of involvement according
to the Pfirrmann classification (grade 2, 8.4%; grade 3, 11.7%;
grade 4, 40.7%; grade 5, 39%; Table ).

Moderate and severely asymmetrical facets were observed in
18 (30.5%) and 3 (5.1%) patients, respectively, while 64.4% of

Table I: General and Epidemiological Characteristics of Study Participants

Degenerative, n (%)

Isthmic, n (%) Total, n (%)

Mean age (range) 61.4 (47-78) 51.1 (17-66) 56.3 years (17-78)
Sex Male 18 (62) 10 (33.3) 30 (50.8)
Female (38) 20 (66.7) 9 (49.2)
Absent 5(51.8) 7 (23.3) 2(37.3)
1 (10.3) 5(16.7) 8 (13.6)
Modic alteration type 2 (31) 11 (36.7) 0(33.9)
3 (6.9) 7 (23.3) 9(15.3)
. Present (44.8) 15 (50) 28
Mobility
Absent (55.2) 15 (50) 31
1 0) 0 (0) 0(0)
2 (17.2) 0(0) 5 (8.4)
Pfirrmann grade 3 5(17.2) 2 (6.7) 7(11.7)
4 14 (48.3) 10 (33.3) 24 (40.7)
5 5(17.2) 18 (60) 23 (39)
Symmetrical 14 (48.3) 24 (80) 38 (64.6)
Tropism Moderately asymmetrical 2(41.3) 6 (20) 18 (30.5)
Severely asymmetrical 3(10.3) 0(0) 3(5.1)
L2-L3 0) 1(3.3) 1(1.6)
L3-L4 (17.2) 3(10) 8 (13.5)
Level
L4-L5 23 (79.3) 8 (36.7) 31 (52.5)
L5-S1 (3.4) 18 (60) 19 (32.2)
Meyerding grade in 1 24 (82.8) 12 (40) 36 (60.5)
neutral x-ray 2 (17.2) 18 (60) 23 (39.5)
Total 29 (49.2) 30 (50.8) 59 (100)
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patients had neutral facets (Table I). For statistical purposes,
patients with moderate and severe asymmetry were grouped
together, comprising 35.6% of patients (Tables Il and IlI).

Dynamic X-ray detected mobility of the spondylolisthesis in
52.5% of cases. There was a negative correlation between
the presence of tropism and joint mobility on dynamic X-ray
(p=0.03; Table Il). There was no correlation between mobility
and Modic (p=0.35) or Pfirrmann (p=0.50) classification. The
degree of listesis was negatively correlated with the presence
of FT (p=0.02; Table II).

As expected, there was a statistically significant correlation
between listesis type and the level affected, with 82% of
patients with degenerative spondylolisthesis having disease
at the L4-L5 level and 60% of the patients with isthmic
spondylolisthesis having disease at the L5-S1 level (p<0.01).

When the relationship between neutral X-ray and MRI findings
was evaluated, substantial agreement was found in the
diagnosis of grade | and Il listesis comprising 54 out of 59
(91.52%) of participants (Table IlI).

Neutral X-ray was sufficient for the diagnosis of listesis as
dynamic X-ray did not contribute further to making a definitive

Table II: Correlations Between Tropism, Mobility and Meyerding
Grade. Mobility Was Associated with Absent Tropism (p=0.03)
and the Absence of Tropism was Significantly More Prevalent in
Grade 2 Spondylolisthesis (p=0.02)

Absent Present
tropism, n (%) tropism, n (%) p-value
Present mobility 4(77.4) 7 (22.6)
Absent mobility 4 (50) 14 (50) 0.03
Meyerding 1 9 (52.8) 17 (47.2)
Meyerding 2 9 (82.6) 4 (17.4) 002
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diagnosis. Dynamic plain radiography may have utility in
assessing joint mobility (Table ll).

B DISCUSSION

Degenerative spondylolisthesis is reportedly more frequent in
females and in the L4-5 segment (12). In corroboration with
previous studies, we observed 82% (24/29) of patients had
listhesis at the L4-L5 level and 62% (18/29) were women.
In contrast, isthmic spondylolisthesis is reportedly more
frequent in the L5-S1 segment and in males (1). Similarly in
our study population, 60% (18/30) of patients with isthmic
spondylolisthesis were affected at the L5-S1 level and 67%
(12/18) of these individuals were men.

Regarding the best diagnostic method for spondylolisthesis,
there is ongoing debate regarding the roles of static and
dynamic (flexion/extension) lumbar X-ray compared to MRI.
Traditionally, MRI is performed in the supine position and,
thus, may underestimate any instability present in the upright
position (8). In our study, MRI was able to diagnose all cases
of grade | listhesis with substantial agreement observed with
X-ray (Kappa, 0.81; ClI, 0.66-0.97). A difference between the
degree of displacement observed on neutral X-ray and MRI
was observed in only five cases. In all of these cases, neutral
X-raydemonstrated grade 2 listhesis, while grade 1 listhesis
was seen on MRI. Thus, dynamic X-ray is the recommended
modality for assessing the degree of listesis and joint mobility
during surgical planning.

While static lumbar X-ray was sufficient for the diagnosis of
spondylolisthesis, the complementary use of dynamic X-ray
helps in defining segmental mobility and classifying listhesis as
static or dynamic (8). This informs decisions regarding the most
appropriate surgical strategy. As fixation is recommended in
cases with joint mobility, the use of dynamic X-ray may avoid
unnecessary use of fixation in patients without joint mobility.

Table lll: Agreement Between Neutral X-Ray, Flexion X-Ray, Extension X-Ray and MRI for the Diagnosis of Spondylolisthesis

Meyerding grade in neutral X-ray, n (%)

1 2 3 Kappa (Cl 95%)
1 30 (83.33) 0(0) 0(0)

)“z'jgsrdi“g grade in flexion 2 6 (16.67) 20 (86.96) 0(0) 0.72 (0.57; 0.87)
3 0(0) 3 (13.04) 0(0)
1 35 (97.22) 3 (13.04) 0(0)

)“("_ergsrding grade in extension 1(2.78) 18 (78.26) 0 (0) 0.80 (0.66; 0.94)
3 0(0) 2 (8.7) 0(0)
1 36 (87.8) 5(12.2) 0(0)

Meyerding grade in MRI 2 0(0) 18 (100.0) 0(0) 0.81 (0.66; 0.97)
3 0(0) 0(0) 0(0)

Kappa (Cl 95%) was 0,72 (0,57; 0,87), 0,80 (0,66; 0,94) and 0,81 (0,66; 0,97), respectively.
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FT represents unequal rotation of the lumbar facet joints
in the axial plane, leading to asymmetry (3,8). Previous
studies have posited a relationship between lumbar FT and
spondylolisthesis. Patients with FT have also been shown to
have more sagittally oriented facet joints (7,17). In contrast,
joint mobility was found to be associated with the absence of
tropism in the present study (p=0.03). Further, the absence of
tropism was significantly more prevalent in patients with grade
2 spondylolisthesis (p=0.02). These findings suggest that FT
may contribute to stabilization of the spine despite previously
being reported as a risk factor for listhesis and joint instability
(17). However, this issue remains controversial and further
studies are required to definitively determine the relationship
between FT and spondylolisthesis.

Intervertebral DG can be assessed by MRI, with the Pfirrmann
classification currently the most widely used system (16). The
contribution of intervertebral disc disease is a well established
in the pathophysiology of degenerative spondylolisthesis (1,5).
On the other hand, disc involvement occurs at a later stage
in isthmic spodylolisthesis (1). In our study, all patients had
some degree of disc involvement. However, this finding may
represent selection bias as cases are referred to our tertiary
care center and delays in initial patient care are common. A
further limitation of our study was the heterogeneity of the
study population. Accordingly, further studies comprising
larger and more homogenous study cohorts are required to
validate the findings of the present study.

B CONCLUSION

MRI was sufficient for the diagnosis of lumbar spondylolisthesis
and dynamic lumbar plain radiography was important for
defining segmental mobility. In addition, FT was associated
with lower spinal instability in the present study. Further large-
scale studies with long-term clinical follow-up may increase
our understanding of the role of FT in the pathogenesis of
lumbar spondylolisthesis.
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