
Michael C. Chiang MD, PhD, Albert Jiao MD , Melvin C. Makhni MD, MBA , Jacob C. Mandell MD, Zacharia Isaac MD

Dynamic lumbar instability evaluated on flexion-extension

radiographs has been a longstanding convention in the

decision-making for identifying the level of axial and

radicular pain and its consequent management. However,

flexion-extension radiographs have been shown to

underestimate the degree of lumbar spondylolisthesis.

Significant variability remains in current guidelines

regarding the most appropriate imaging modalities to

adequately evaluate instability. We hypothesize that prone

positioning will provide greater sensitivity for dynamic

instability compared to standing or supine positions. While

prior studies have instability with either supine CT or MRI,

this is the first study to our knowledge measuring single

level lumbar instability with prone positioning obtained

during interventional spinal injections.

Dynamic Instability is Underestimated on Standing Flexion-Extension 

films when compared to Prone CT Imaging

Table 1. Demographic information of  study population 
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▪ Single center retrospective cohort study of single-level

(L4-5) anterolisthesis between 2014 – 2022 with standing

radiographs (CR), prone CT images (CT), or supine MRI

images (MRI)

▪ Exclusion Criteria: Prior lumbar hardware, missing

imaging modalities time between any modalities > 13

months, no evidence of anterolisthesis

▪ Anterior translation was measured in millimeters across

imaging modalities between two raters, and the translation

compared across different modalities.

▪ We calculated a ratio which was the amount of

translation divided by the width of the vertebral body for

each image modality (CR, CT, or MRI) and multiplied this

by the width of the vertebral body measured on MRI.

▪ We identified 102 patients with L4-5 anterolisthesis per

our exclusion criteria. Average age of patients was 73.7 ±

9.6 years old

▪ Mean inter-observer correlation coefficient (ICC) was

calculated for the following image modalities: CR: 0.932;

CT: 0.812; and MRI: 0.943.

▪ Average translation (± SD) measured were 4.9 ± 2.2 mm

(CR), 2.5 ± 2.6 mm (CT), and 3.7 ± 2.6 mm (MRI) (p <

0.001)

▪ Mean difference in anterolisthesis among imaging

modalities were 2.7 ± 1.8 mm between CR and CT (p <

0.001), 1.8 ± 1.4 mm between CR and MRI (p < 0.001),

and 1.6 ± 1.4 mm between CT and MRI (p = 0.252)

▪ We found 17.6% of patients exhibited ≥ 3 mm anterior

translation between CR and MRI compared to 38.2%

patients between CR and CT.

Comparing standing X-ray versus prone CT

imaging revealed the greatest degree of single

level lumbar segmental instability (L4-5) as

measured by the reduction in segmental

translation. Prone positioning also significantly

reduced L4-5 anterolisthesis compared to flexion-

extension standing X-rays, suggesting that

comparing prone positioning to standing lateral

views may increase detection of dynamic

instability at L4-5 compared to standard stress

views.
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Male Female Total (SD

Number 31 (30.4%) 71 (69.6%) 102

Age 74.5 (9.8) 71.8 (9.5) 73.7 (9.7)

BMI 31.2 (5.1) 30.8 (6.1) 30.9 (5.8)

Race

Asian 1 (3.2%) 2 (28%) 3 (2.9%)

Black 2 (6.5%) 9 (12.7%) 11 (10.8%)

Hispanic 0 5 (7.0%) 5 (4.9%)

White 28 (90.3%) 55 (77.4%) 83 (81.4%)

Table 2. Average translation with standing, 

prone, supine and flexion-extension

Mean mm (SD

X-ray

Standing 4.9 (2.2)

Flexion 4.1 (1.9)

Extension 3.4 (2.0)

Prone (CT) 2.5 (2.6) 

Supine (MRI) 3.7 (2.6)

Table 3. Average difference in 

translation among positions

≥ 2 mm 

translation (%)

≥ 3 mm 

translation (%) 

≥ 4.5 mm 

translation (%) 

CR-CT 57 (55.9) 39 (38.2) 16 (15.7)

CR-MRI 29 (28.4) 18 (17.6) 4 (3.9)

CT-MRI 23 (22.5) 16 (15.7) 6 (5.9)

Flex-CR 6 (17.6) 2 (5.9) 1 (2.9)

Ext-CR 9 (26.5) 4 (11.8) 1 (2.9)

Flex-Ext 5 (14.7) 0 (0) 0 (0)

Table 4. Number of  patients with translation in  standing, prone, supine 

and flexion-extension

CR, conventional radiograph; Flex, flexion; Ext, extension

Figure 1. Representative images of dynamic

translation captured on CR, MRI, and CT

radiographs in a single patient

CR CT MRIMean mm (SD

CR-CT 2.7 (1.8)

CR-MRI 1.8 (1.4)

CT-MRI 1.6 (1.4)

Flex-CR 1.3 (1.4)

Ext-CR 1.7 (1.6)

Flex-Ext 0.9 (0.8)
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