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Study Design: Retrospective chart review.
Purpose: To assess whether spontaneous reduction of spondylolisthesis, as seen on magnetic resonance imaging (MRI), is re-
lated to the degree of segmental instability and low back pain.
Overview of Literature: The flexion-extension radiographs obtained in the sagittal plane are frequently used when segmental 

instability of spondylolisthesis is evaluated.
Methods: We retrospectively reviewed 137 patients and measured the differences of the percentage of sagittal transla-

tion and sagittal angulation to determine the segmental instability between the flexion and extension radiographs, and the 
spontaneous reduction on MRI. We then compared the degrees of segmental instability and the degrees of spontaneous 

reduction. To assess the effect of low back pain on segmental motion in regards to the flexion-extension radiographs, we 
compared the preoperative visual analogue scales (VAS) score for low back pain between the more and the less spontaneous 

reduction groups.
Results: The mean degree of spontaneous reduction was 5.2%. A statistically significant correlation was found between the 
sagittal translation on the flexion-extension radiographs and the degree of spontaneous reduction (r = 0.557, p < 0.001) and 
between the sagittal angulation on the flexion-extension radiographs and the degree of spontaneous reduction (r = 0.215, p 
= 0.012). The preoperative VAS scores for low back pain of the more spontaneous reduction group and the less spontane-
ous reduction group were 4.6 and 3.6 points, respectively, and this difference was statistically significant (p = 0.002).
Conclusions: Spontaneous reduction of spondylolisthesis on MRI was found to be closely related to segmental instability, 
and the degree of spontaneous reduction seen on MRI could be useful for the evaluation of segmental instability in pa-

tients with spondylolisthesis, especially with severe low back pain.
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Introduction

Spondylolisthesis with segmental instability often causes 
central or foraminal stenosis, and low back pain [1,2]. Clini-
cally, dynamic flexion-extension radiographs are frequently 
used to identify segmental instability and magnetic reso-
nance imaging (MRI) is usually used to identify central or 

foraminal stenosis. 
We have observed the spontaneous reduction of the lis-

thetic segment of patients with segmental instability on 
MRI (Fig. 1). We suggested that this phenomenon might be 
due to segmental instability. It has been found that low back 
pain and paraspinal muscle spasm could inhibit the maxi-
mal segmental motion [3-6]. If patients have low back pain 
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and paraspinal muscle spasm, the flexion-extension radio-
graphs may not accurately reflect the degree of segmental 
instability. The MRI is checked in the supine position and 
requires more imaging time than the plain radiograph with 
20 to 30 minutes. It can relieve pain and paraspinal muscle 
spasms during imaging, and the relief may reduce anterior 
slippage in segmental instability. Based on this hypothesis, 
the purpose of this study was to assess whether spontaneous 
reduction of spondylolisthesis on the MRI was related to the 
degree of segmental instability and low back pain.

Materials and Methods

We retrospectively reviewed the details of 137 patients, 
who underwent posterior lumbar interbody fusion (n = 
111) or transforaminal lumbar interbody fusion (n = 26) for 
spondylolisthesis at one level between 2003 and 2009. Ev-
ery patient had a walking disability because of neurologic 
claudication or an associated neurologic deficit in the form 
of muscle weakness or sensory deficits in the distribution of 
the affected nerve root, preoperatively. We excluded those 
patients with multi-segment spinal disease and a previous 
spinal operation, in order to minimize the bias from their ef-

fects to the segmental motion of the listhetic segment. The 
mean age of the patients was 59.6 years (range, 43 to 79 
years); 27 were men and 110 were women. Ninety-three pa-
tients had degenerative spondylolisthesis and 44 had isthmic 
spondylolisthesis. The L3-4 segment was involved in 10 
patients; L4-L5 in 101, and L5-S1 in 26. One hundred and 
twelve patients demonstrated grade I (less than 25% ante-
rior slippage) and 25 patients demonstrated grade II (25-50% 
anterior slippage). The neutral anterior-posterior and lateral 
radiographs, and dynamic flexion-extension radiographs in 
the lateral decubitus position were checked in all patients. 
In addition, each patients MRI was studied for preoperative 
evaluation. Clinically, we reviewed the preoperative Visual 
analog scale (VAS) score for low back pain on the activity 
of daily living. To evaluate the degree of segmental instabil-
ity of the listhetic segments, we measured the differences 
of the percentage of sagittal translation and the differences 
of the sagittal angulation between the flexion and extension 
radiographs. The difference of sagittal translation and sagit-
tal angulation was checked three times by one orthopaedic 
surgeon. We used the average of the three values. Sagittal 
translation was measured using the methods described by 
White and Panjabi [7], and sagittal angulation was defined 

A B

Fig. 1. A 36-year-old woman with L4-5 degenerative spondylolisthesis. (A) The preoperative neutral lateral 
radiograph demonstrates a 13.6% anterior translation. (B) On magnetic resonance imaging, the anterior transla-
tion is reduced to 2.3%.
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as the angle between the lower end plate of the upper ver-
tebral body and the upper end plate of the lower vertebral 
body (Fig. 2). The segmental instability was classified ac-
cording to Wiltse’s criteria [8]. Unstable translation and un-
stable angulation were defined as the differences regarding 
the percentages of sagittal translations and the degrees of the 
sagittal angulations between the flexion and extension ra-
diographs in patients with segmental instability. In addition, 
we measured the spontaneous reduction. For spontaneous 
reduction, translational spontaneous reduction was defined 
as the difference in the percentages of sagittal translations 
and angulational spontaneous reduction was defined as the 
difference in the degree of sagittal angulations between 
the neutral lateral radiograph and mid-sagittal section of 
the MRI in each patient. We then compared the degree of 
segmental instability with the degree of spontaneous reduc-

tion. To identify the effect of low back pain to the segmental 
motion on the flexion-extension radiographs, we compared 
the preoperative VAS score for low back pain between the 
more and the less spontaneous reduction groups; the more 
spontaneous reduction group was defined as the spontane-
ous reduction was more than the difference between the 
flexion and extension radiographs and the less spontaneous 
reduction group was defined as the spontaneous reduction 
was less than the difference between the flexion and exten-
sion radiographs. Above definitions were equally applied to 
sagittal translation and sagittal angulation.

To identify the factors that have an influence on the spon-
taneous reduction, the spontaneous reductions were com-
pared according to age, gender, pelvic incidence, lumbar 
lordosis (between L1 and S1), the type of spondylolisthesis 
and the listhetic segment level. The correlations between 
segmental instability and the spontaneous reduction were 
analyzed using Pearson’s correlation coefficient. Other 
comparisons were analyzed using the paired t-test and the 
independent t-test. Probability values of <0.05 were consid-
ered statistically significant.

Results

The sagittal translations were 22.1 ± 7.6%, 17.7 ± 6.9%, 
14.8 ± 6.9%, and 12.5 ± 6.6% on the flexion, neutral and ex-
tension radiographs and MRI, respectively. The differences 
of the sagittal translations between the neutral lateral radio-
graph and the mid-sagittal section of MRI were statistically 
significant (p < 0.001). The translational spontaneous reduc-
tion was 5.2 ± 4.0%. The sagittal angulations were -2.4 ± 5.4° 
lordosis, 3.0 ± 4.9° lordosis, 5.8 ± 5.2° lordosis and 3.6 ± 4.7° 
lordosis on the flexion, neutral and extension radiographs 
and MRI, respectively (Table 1). The angulational spontane-
ous reduction was -0.6 ± 4.0°. A statistically significant cor-
relation was found between the unstable translation and the 
translational spontaneous reduction (r = 0.557, p < 0.001), 
and between the unstable angulation and the angulational 

Table 1. Radiographic results of sagittal translation and sagittal angulation (n = 137)

Flexion Neutral Extension Magnetic resonance 
imaging 

Sagittal translation (%) 22.1 ± 7.6 17.7 ± 6.9a) 14.8 ± 6.9 12.5 ± 6.6a)

Sagittal angulation (°)c) -2.4 ± 5.4   3.0 ± 4.9b)   5.8 ± 5.2   3.6 ± 4.7b)

Values are presented as mean ± standard deviation.
a)P < 0.001, b)P = 0.026, c)Positive value = lordosis, negative value = kyphosis.

Fig. 2. Measurement of sagittal translation and sagittal an
gulation. Sagittal translation (%): The length between D and 
E/the length between C and E ×100, Sagittal angulation (°): 
θ is angle between AB line and CE line, A: Anterior margin 
of lower endplate of superior vertebra, B: Posterior margin 
of lower endplate of superior vertebra, C: Anterior margin 
of upper endplate of inferior vertebra, D: Crossing point be-
tween CE line and the perpendicular line to CE line from B
E: Posterior margin of upper endplate of inferior vertebra.
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spontaneous reduction (r = 0.215, p = 0.012). These results 
demonstrated that the spontaneous reduction is closely re-
lated to the segmental instability.

The mean preoperative VAS score for low back pain in 
regards to all patients was 3.8 points. Thirty seven patients 
were in the more translational spontaneous reduction group. 
The mean VAS score was 4.6 ± 1.7 points, which was sig-
nificantly more than that of the less translational spontane-
ous reduction group (3.6 ± 1.3 points) (p = 0.002). Thirty 
seven patients were in the more angulational spontaneous 
reduction group. The mean VAS score was 6.1 ± 2.1 points, 
which was significantly more than that of the less angula-
tional spontaneous reduction group (4.0 ± 0.8 points) (p = 
0.001).  

Discussion

Although the value of flexion-extension radiographs is 
controversial, the lateral flexion-extension radiographs are 
most widely used by clinicians to assess segmental instabili-
ty. Many reports have emphasized the importance of various 
postures in checking the radiographs, standing [9-11], lat-
eral decubitus [12], traction-compression [6] and the supine 
prone position [13]. Several authors have recently reported 
on the value of continuous motion analysis techniques using 
video-fluoroscopy to assess lumbar spinal movement [14-

16]. We used flexion-extension radiographs in the lateral 
decubitus position to assess segmental instability in spon-
dylolisthesis patients because this technique is simple and 
economic to use in routine clinical practice. 

In order to identify whether the spontaneous reduction of 
spondylolisthesis can be observed on MRI, we compared 
the sagittal translations and sagittal angulations between 
the neutral lateral radiographs and the mid-sagittal sections 
of MRI and we observed a mean 5.2% of translational 
spontaneous reduction and -0.6° of angulational spontane-
ous reduction. Passive reduction of spondylolisthesis has 
been previously observed. Montgomery and Fischgrund 

[17] found that many low-grade lumbar spondylolisthetic 
deformities reduced almost completely on the operating 
table after the administration of an anesthetic and that the 
percentage of slip decreased 24%, 15%, and 6% on the 
flexion, extension, and intraoperative lateral radiographs, 
respectively. 

Next, after attempting to correlate segmental instability 
and spontaneous reduction, we found a statistically signifi-
cant correlation. The clinical significance of this result was 
that spontaneous reduction of anterior slippage on the MRI 
could be a useful indicator of segmental instability. Ac-
cording to our results, the relationship between VAS score 
and segmental instability showed a statistically significant 
difference. These results could indicate the relevance be-

Table 2. The degree of spontaneous reduction according to the age, gender, plvic incidence, lumbar lordosis, the type of spon-
dylolisthesis and the level of the listhetic segment

Spontaneous reduction (%) p-value

Age (yr) <60 (n = 65) 6.5 ± 4.2 0.066
≥60 (n = 72) 4.0 ± 3.4

Gender Male (n = 27) 4.0 ± 3.0 0.048
Female (n = 110) 5.5 ± 4.1

Pelvic incidence (°) <55 (n = 64) 4.8 ± 3.3 0.073
≥55 (n = 73) 5.6 ± 4.5

Lumbar lordorsis (°) <40 (n = 91)
≥40 (n = 46)

5.4 ± 4.1
4.8 ± 3.7

0.333

Type of spondylolisthesis Degenerative (n = 93) 4.7 ± 3.7 0.298
Isthmic (n = 44) 6.4± 4.4

Level of listhetic segment L3-4 (n = 10) 4.3 ± 3.1 0.661
L4-5 (n = 101) 5.2 ± 3.9
L5-S1 (n = 26) 5.2 ± 4.0

Values are presented as mean ± standard deviation.



Spontaneous Reduction of Spondylolisthesis on MRI / 225

tween instability and the patient condition and also with the 
amount of the spontaneous reduction rate during the MRI.

We also considered that muscle relaxation might contrib-
ute to the spontaneous reduction of anterior slippage of an 
unstable segment on the MRI. Pearcy et al. [5] reported that 
patients with low back pain had restricted primary move-
ment at the lower lumbar level, and they suggested that 
this was due to the splinting action of muscles. Wood et al. 

[12] reported that the maximal abnormal translatory mo-
tion occurred on the flexion-extension radiographs taken in 
the lateral decubitus position and they explained that this 
finding was due to splinting from the paraspinal postural 
musculature or the abdominal musculature, which reduced 
the allowable motion when the patient was standing and this 
forced the patients to support themselves against gravity. 

In our study, we compared the preoperative VAS score for 
low back pain between the more and the less spontaneous 
reduction groups, and the result was that the more spontane-
ous reduction group had significantly more severe low back 
pain. This result suggested that, in patients with severe low 
back pain in the case of spondylolisthesis and segmental 
instability, the flexion-extension radiographs could not ad-
equately reflect the segmental instability. In this situation, 
MRI might be more suitable to assess the segmental insta-
bility because spontaneous reduction was closely related to 
segmental instability.

When we evaluated the factors that had an influence on 
the spontaneous reduction of anterior slippage, women were 
found to show significantly more spontaneous reduction 
than men. This result might be due to the fact that women 
have smaller volumes of paraspinal muscles than men but 
more study on this is needed (Table 2). 

A limitation of the study was that we did not check the 
degree of facet joint arthritis, the shape of the facet joint, 
and disc height as reason for segmental instability. Thus, 
further investigation is needed to evaluate the reason for the 
spontaneous reduction of anterior slippage. 

Conclusions

On MRI, spondylolisthesis was reduced to some extent 
and this spontaneous reduction was found to be closely 
related to segmental instability. Low back pain may reduce 
segmental motion, and so the flexion-extension radiographs 
may not accurately reflect the degree of segmental instabil-
ity. The present study indicates that the degree of spontane-
ous reduction seen on MRI could be useful for evaluation 

of segmental instability in patients with spondylolisthesis, 
especially those with severe low back pain. 
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