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Evaluation of segmental mobility in patients with lumbar  
spondylolisthesis : A comparison of images from standing 
flexion-extension and standing / supine slippage
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Abstract : Purpose : To evaluate segmental mobility with degenerative lumbar spondylolisthesis (DLS), upright 
lateral flexion-extension radiographs (FE) are widely used. However, some authors have described that a combi-
nation of lateral radiographs in the standing position and supine sagittal image (SS) reveal more segmental mo-
bility than FE. The purpose of this study was to investigate the optimal method for evaluating segmental mobility 
with DLS. Methods : We included 92 consecutive Japanese patients diagnosed with DLS. Sagittal translation 
(ST) determined by FE and SS were compared. Pathological instability was defined as ST more than 8% of the 
upper vertebra. Patients were divided into those diagnosed with pathological instability in FE (PI-FE) and those 
diagnosed with SS (PI-SS), and lumbar lordosis (LL) in the standing position in each group were compared. Re-
sults : ST in FE was significantly greater than in SS. Of 92 patients, 31 had pathological instability in FE or SS ; 17 
patients had PI-FE, and 10 patients had PI-SS. LL in the standing position in PI-FE was significantly smaller than 
in PI-SS. Conclusions : ST in FE was greater than that in SS, contrary to previous studies’ reports on Caucasians. 
Since Japanese individuals have smaller LL than Caucasians, FE tends to reveal more segmental mobility than 
SS. J. Med. Invest. 70 : 135-139, February, 2023
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INTRODUCTION
 

In lumbar spondylolisthesis, various diagnostic modalities 
for evaluating instability have been reported (1-4). However, the 
optimal diagnostic modality for evaluating abnormal segmental 
mobility is unknown. Currently, due to its simple usage and 
low cost, upright lateral flexion-extension radiographs (FE) are 
widely used in most facilities (5, 6).

However, functional radiographs are occasionally too demand-
ing as they require patients’ efforts and cooperation. Particular-
ly, patients with low back pain might be unable to flex or extend 
their lumbar spine sufficiently (7). Therefore, some authors 
have described that a combination of lateral radiographs in the 
standing position and supine sagittal image (SS) taken using 
computed tomography (CT) (3) or magnetic resonance imaging 
(MRI) (4) reveal more segmental mobility than FE in patients 
with lumbar spondylolisthesis. In these reports, the mean seg-
mental mobility of SS was larger than that of FE, but the eval-
uation method that could reveal segmental mobility depends on 
each patient (3, 4). Although physical constitution, such as height 
or body mass index (BMI), correlated with segmental mobility, 
factors associated with increased mobility in FE and SS were 
uncertain (3, 4). 

This study aimed to compare segmental mobility and to iden-
tify factors associated with the difference between FE and SS 
obtained using MRI.

MATERIALS AND METHODS

This was a retrospective study of 92 consecutive Japanese 
patients (34 male ; 58 female patients ; mean age, 71.2 [42–88] 
years) who were diagnosed with L4-5 degenerative lumbar spon-
dylolisthesis and underwent surgery at our hospital between 
January 2010 and December 2016. The exclusion criteria in-
cluded previous thoracolumbar spine surgery, multilevel lumbar 
spondylolisthesis, retrolisthesis, ankylosing spondylitis, and 
severe scoliosis (Cobb angle ≥ 10°). Written informed consent was 
obtained from all study participants. The ethics committee of our 
university approved all protocols used in this study (Approval 
number 292-183).

 All patients underwent upright lateral radiographs, FE and 
MRI examinations. The distance between the X-ray source and 
the patient during the upright lateral radiograph examinations 
and FE was 1.15 meters. During the FE, patients were instruct-
ed to flex and extend their lower back as far as possible. MRI 
was performed using a spine coil with a GE Signa HDx 1.5T 
(GE Healthcare, Milwaukee, WI). These images were taken for 
patients with lumbar spondylolisthesis preoperatively. 

 Segmental mobility was identified by measuring sagittal 
translation (ST) at L4–5 in each patient. ST was measured 
according to a method described by Dupuis et al. (8) (Figure 1). 
First, the slippage in each position (flexion, extension, standing, 
and supine) was measured. Subsequently, ST in FE and ST in 
SS were calculated. ST was analyzed in absolute values and 
relative values, which is the percentage of the upper vertebral 
body width. In this study, an ST of more than 8% of the width 
of the upper vertebral body was considered to indicate patholog-
ical instability, as defined by Dupuis et al. (8). The absolute and 
relative values of ST observed in FE were compared with those 
observed in SS. Furthermore, to identify factors associated with 
increased mobility in FE and SS, patients were divided into 
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two groups : those diagnosed with pathological instability in FE 
(PI-FE) and those diagnosed with SS (PI-SS). Age, sex, height, 
weight, BMI, slippage grade (Meyerding grading system), lum-
bar lordosis (LL) in the standing and supine positions, and 
relative values of the slippage in each position were compared 
between the two groups. The amount of change of LL in lumbar 
flexion and extension were compared to investigate whether 
patients could flex or extend their lumbar vertebrae sufficiently. 
Furthermore, the relationship between physical constitution and 
ST was studied by correlating the relative values of ST in FE, ST 
in SS, and LL in standing position. 

Statistical analysis was performed using a t-test to compare 
averages of continuous variables. Chi-square test was used to 
compare the proportions of categorical variables between the 
two groups. Spearman’s correlation coefficient was used to de-
termine the relationship between ST in FE, ST in SS, and LL 
in the standing position. The threshold for significance was set 
at p < 0.05. All statistical analyses were conducted using IBM 
Statistical Package for the Social Sciences version 27.0 software 
(IBM Corp., Armonk, N.Y., USA).

RESULTS

The patients’ mean height was 154.9 cm (131.5–178.9 cm), 
mean weight was 59.3 kg (35.6–94.5 kg), and the mean BMI was 
24.7 (15.8–40.6). The average of the absolute and relative value 
of ST was significantly greater in FE than in SS (2.2 ± 1.3 mm 
vs. 1.6 ± 1.7 mm, p < 0.01 and 5.6 ± 3.3% vs. 3.9 ± 4.0%, p < 0.01, 
respectively, Fig 2). Out of 92 patients, 31 were diagnosed with 
pathological instability only in FE or SS. Seventeen patients 
were diagnosed with pathological instability in FE (PI-FE), 10 
patients were diagnosed using SS (PI-SS), and four patients 
were diagnosed using both FE and SS.

The differences in age, sex, weight, slippage grade, and LL in 

Fig 1.　Measurement of sagittal translation (ST)
A : Flexion radiograph. B : Extension radiograph. C : Upright 
radiograph. D : Supine magnetic resonance image 
α : Slippage in flexion β : Slippage in extension. γ : Slippage in 
standing position δ: Slippage in the supine position. W : Width of the 
upper vertebral body 
Absolute value of ST in flexion-extension radiograph = α-β, relative 
value of ST in flexion-extension radiograph = (α-β)  /  W*100
The absolute value of ST in a combination of lateral radiograph in a 
standing position and supine sagittal image = γ-δ, the relative value of 
ST in a combination of lateral radiograph in a standing position and 
supine sagittal image = (γ-δ)  /  W*100

Fig 2.　Mean of absolute (left) and relative (right) value of sagittal translation
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the supine position between the PI-FE and PI-SS groups were 
statistically insignificant (Table 1). However, LL in the stand-
ing position in PI-FE was significantly smaller than in PI-SS 
(39.4 ± 12.2° vs. 49.4 ± 11.7°, p = 0.04). The relative values of the 
slippage in flexion and supine position were significantly greater 
in PI-FE than in PI-SS (22.1 ± 4.9% vs. 17.1 ± 6.1%, p = 0.02, and 
13.2 ± 4.4% vs. 7.9 ± 4.5%, p < 0.01, respectively, Table 2). There 
were no statistically significant differences in the slippage in ex-
tension and in the standing position (12.2 ± 4.7% vs. 12.7 ± 5.9%, 
p = 0.78 and 16.0 ± 5.1% vs. 17.3 ± 4.8%, p = 0.49, respectively, 
Table 2). Furthermore, there were no statistically significant 
differences in the amount of change of LL in flexion and ex-
tension (17.9 ± 10.9° vs. 15.2 ± 11.0°, p = 0.54 and 8.5 ± 6.4° vs. 
2.1 ± 11.1°, p = 0.07, respectively, Table 3). There was a moderate 

negative correlation between LL on standing position and ST in 
FE (r = -0.43, p = 0.02, Fig 3). However, there was no correlation 
between LL in the standing position and ST in SS (r = 0.12, 
p = 0.52, Fig 3).

 

DISCUSSION

Accurate evaluation of segmental mobility is critical for man-
aging lumbar spondylolisthesis. Some recent reports have shown 
that SS reveals more mobility than FE (3, 4, 9) because the 
relaxed supine position can facilitate the reduction of segments 
with anterolisthesis. However, in this study, both the absolute 
and relative values of ST in FE were greater than those in SS. 

Table 1.　Comparison of demographic data between PI-FE and PI-SS

PI-FE
(n = 17)

PI-SS
(n = 10) P-value

Age (y) 68.0 ± 12.3 75.5 ± 10.7 0.12 

Sex (male : female) 11 : 6 4 : 6 0.21 

Height (cm) 153.0 ± 7.8 158.5 ± 6.8 0.07 

Weight (kg) 60.6 ± 9.4 60.6 ± 6.2 0.98 

Body mass index (kg / m2) 25.8 ± 2.9 24.0 ± 0.9 0.07 

Meyerding grade
1 16 (94%) 10 (100%)

0.43
2 1 (6%) 0

Lumbar lordosis in standing position (°) 39.4 ± 12.2 49.4 ± 11.7 0.04

Lumbar lordosis in supine position (°) 42.6 ± 12.0 48.1 ± 7.5 0.20 

PI-FE : patients diagnosed with pathological instability in upright lateral flexion-extension radio-
graphs 
PI-SS : patients diagnosed with pathological instability through a combination of lateral radiograph in 
the standing position and supine sagittal position image.

Table 2.　Comparison of relative value of the slippage between PI-FE and PI-SS

PI-FE
(n = 17)

PI-SS
(n = 10) P-value

Flexion (%) 22.1 ± 4.9 17.1 ± 6.1 0.02

Extension (%) 12.2 ± 4.7 12.7 ± 5.9 0.78

Standing position (%) 16.0 ± 5.1 17.3 ± 4.8 0.49

Supine position (%) 13.2 ± 4.4 7.9 ± 4.5 < 0.01

PI-FE : patients diagnosed with pathological instability in upright lateral flexion-extension 
radiographs 
PI-SS : patients diagnosed with pathological instability through a combination of lateral ra-
diograph in the standing position and supine sagittal position image.

Table 3.　The amount of change of lumbar lordosis in flexion and extension

PI-FE
(n = 17)

PI-SS
(n = 10) P-value

Flexion (°) 17.9 ± 10.9 15.2 ± 11.0 0.54

Extension (°) 8.5 ± 6.4 2.1 ± 11.1 0.07

PI-FE : patients diagnosed with pathological instability in upright lateral flexion-extension 
radiographs 
PI-SS : patients diagnosed with pathological instability through a combination of lateral ra-
diograph in the standing position and supine sagittal position image.
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A reason for the conflicting results between this study and 
those of previous studies could be the racial differences among 
subjects. In previous studies, most patients investigated were 
Caucasians, whereas all patients in this study were Japanese. 
Liu N et al. (4) reported that ST in SS correlated with BMI 
positively, and ST in FE correlated with height negatively. The 
height and BMI of patients in this study were lower than those in 
a previous study (4). Furthermore, LL in the standing position in 
PI-FE was lower than that in PI-SS, and there was a moderate 
negative correlation between LL in the standing position and ST 
in FE. Le Huec et al. (10) reported that LL in Japanese patients 
was smaller than that in Caucasian patients. Together, it ap-
pears that FE tends to have more segmental mobility than SS in 
Japanese patients. The reason why lumbar lordosis involved in 
finding instability during FE was uncertain. Although other pel-
vic parameters were also evaluated in this study, any statistical 
difference could not be found. The shearing stress of disc might 
be different according to lumbar lordosis. However, it was uncer-
tain and further biomechanical study was needed.

In this study, the differences in the slippage between the 
PI-FE and PI-SS groups were investigated. The slippage in the 
flexion of the PI-FE group was greater than that of the PI-SS 
group, and the slippage in the supine position of the PI-SS group 
was less than that of the PI-FE group. Moreover, there were 
no statistically significant differences in the amount of change 
of LL in flexion. These results indicate that the PI-FE group 
consisted of patients who tended to increase their slippage by 
flexion, while the PI-SS group consisted of patients who tended 
to decrease their slippage in the supine position. Although the 
pathology that led to these differences was not known, the re-
sults from this study suggest that the slippage of all positions 
(flexion, extension, standing, and supine) should be evaluated to 
diagnose pathological instability.

Currently, many reports about factors associated with lumbar 
segmental mobility were described (11-15). Some factors, such 
as sex, disc degeneration, and facet osteoarthritis, have also 
been reported. However, the optimal evaluation method con-
forming to the pathology of segmental mobility remains unclear. 
In this study, only four patients (12.9%) were diagnosed with 

pathological instability in both FE and SS. It appears that the 
segmental mobility revealed in FE is different from that in SS. 
Further research is required to verify the factors associated with 
the difference in segmental mobility in FE and SS. 

 There are some limitations to this study. The sample size 
was relatively small, and every radiograph was taken only once. 
Moreover, symptoms, such as low back pain were not evaluated. 
Percy et al. (7) reported that low back pain prevents patients from 
flexing the lumbar sufficiently.

CONCLUSION

In conclusion, our study showed that both absolute and relative 
values of ST in FE were greater than those in SS. A reason the 
results of this study differ from those of previous studies could be 
the difference in the racial background of the patients. Since the 
position that revealed the slippage was different for each patient, 
the slippage of all positions (flexion, extension, standing, and 
supine) should be evaluated to diagnose pathological instability. 
Further research is required to verify the factors associated with 
the difference in segmental mobility in FE and SS. 
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