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Abstract
Background:The purpose of present study is to examine the possible correlation between standing plain
X-rays and supine MRI for evaluating spinal sagittal alignment in degenerative lumbar disease.

Methods: The characteristics and images of 64 patients with degenerative lumbar diseases were
reviewed retrospectively. The thoracolumbar junction kyphosis (TJK), lumbar lordosis (LL), and sacral
slope (SS) were measured on lateral plain X-rays and by magnetic resonance imaging (MRI). Inter- and
intra-observer reliability were tested using intra-class correlation coe�cients.

Results: The results suggested that TJK measurements obtained from MRI tended to underestimate the
radiographic measures by 2°, whereas SS measurements obtained from MRI tended to overestimate the
radiographic measures by 2°. The LL measurements obtained from MRI were approximately equal to the
radiographic measures. The X-ray and MRI measurements were linearly related.

Conclusions:In conclusion, supine MRI can be directly translated into sagittal alignment angle
measurements obtained from standing X-rays with an acceptable degree of accuracy. This can avoid the
impaired view caused by the overlapping ilium, while reducing the patient’s exposure to radiation.

Introduction
Spinal alignment, which includes coronal and sagittal alignment, is an important part of preoperative
planning and surgical reconstruction in spinal surgery [1]. In degenerative lumbar diseases, coronal
alignment reconstruction is an important issue for degenerative lumbar scoliosis, whereas sagittal
alignment is usually considered in spondylolisthesis and loss of lumbar lordosis [2]. The standing X-ray is
considered the gold standard to measure spinal alignment [3]; however, repeated exposure of patients to
high radiation doses increases the risk of developing health problems [4, 5]. In addition, the lateral
radiological assessment of the lumbosacral region is usually obscured by the overlapping ilium.

Magnetic resonance imaging (MRI) does not involve radiation and is an alternative to plain radiographs
for imaging the spine. However, it is performed in the supine position; consequently, the angle
measurements are underestimated compared to standing X-rays, due to the effects of gravity. Several
studies have examined the relationship in spinal alignment between standing plain X-rays and supine MR
images [6–8]. Wessberg et al. [6] found that supine axially loaded MRI correlated well with standing Cobb
angle measurements. Lee et al. [7] demonstrated that unloaded spine MRI could reliably be translated
into equivalent radiographic measures with an acceptable range of error in adolescent idiopathic
scoliosis. Wang et al. [8] found that supine MRI was a valid alternative to standing X-rays for measuring
upper thoracic kyphosis in the sagittal plane. However, no study has addressed the use of MRI for
evaluating spinal sagittal alignment in degenerative lumbar disease.

Therefore, this study compared standing plain X-rays and supine MRI for evaluating spinal sagittal
alignment in degenerative lumbar disease, and examined the possible correlation between measurements
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made using the two imaging modes.

Material And Methods
Patients with a diagnosis of degenerative lumbar disease, who had a standing plain X-ray and MRI
performed between January 1, 2015 and June 1, 2016, were included in this study. The Institutional
Review Board approved this study, and each patient signed a written consent form. The inclusion criteria
were as follows: patients with lumbar canal stenosis, lumbar disc hernia or lumbar spondylolisthesis; age 
≥ 50 years; no underlying congenital or neurological abnormalities; no leg length discrepancy > 2 cm;
Cobb angle < 20°; and no more than 1 month between the standing X-ray and MRI. The standing
radiographs were taken with a Philips MRI machine (Philips Healthcare, Andover, MA, USA), and the MRI
was obtained with a 1.5 T MRI scanner (Siemens, Germany). All of the digital images were downloaded
and archived on a picture archiving and communication system (PACS).

The radiological examination protocol was standardized for all of the participants. For each participant,
standing anteroposterior and left lateral X-rays covering the spine and pelvis were obtained. The supine
MRI covered the region from T10 to the coccyx. The Cobb angle and spinal sagittal parameters
measurements for both imaging modes were obtained using the angle measurement tools provided by
the PACS. On MR images, the Cobb angle was calculated on the T1-weighted coronal plane cut that
included the clearest view of the endplates of the end vertebrae of the curve. The same end vertebrae
were used to measure the Cobb angle on the lateral plain X-rays and MR images. The thoracolumbar
junction kyphosis (TJK) was measured from the superior end plate of T10 to the inferior end plate of L2.
Lumbar lordosis (LL) was measured from the inferior end plate of T12 to the superior end plate of S1
using the Cobb method. Sacral slope (SS) was the angle between the superior end plate of S1 and a
horizontal line. We could not calculate the pelvic incidence (PI) or pelvic tilt (PT) because the lumbar MRI
did not include the femoral heads.

Results
The study enrolled 64 patients (30 males, 34 females; average age, 62 ± 7 years; mean body mass index,
23.79 ± 3.1 kg/m2). Thirty-three patients were diagnosis of lumbar stenosis; twenty patients were
diagnosis of lumbar disc hernia; and eleven patients were diagnosis of lumbar spondylolisthesis. The
average time between when the plain radiographs and supine MRI was taken was 1 ± 1 week. The
average TJK measured from the radiographs and MR images was 11 ± 9° and 9 ± 7°, respectively; the
average LL was 40 ± 16° and 40 ± 13°; and the average SS was 33 ± 11° and 35 ± 9°. These results
suggest that the TJK measured from the MR images tended to underestimate the radiographic
measurements by 2°, whereas the SS measurements obtained from the MR images tended to
overestimate the radiographic measures by 2°. The LL measurements were roughly equal with both
imaging methods. Evaluating the relationship between the MRI and radiographic measurements, the
Pearson coe�cient was r = 0.85 for TJK, r = 0.785 for LL, and r = 0.654 for SS. The X-ray and MRI
measurements showed roughly linear relationships (Table 1; Figs. 1–3).
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Table 1
Trend equations of X-ray and MRI

  Best-Fit Equation Absolute Error ( ° )

TJK X-ray = 1.076MRI + 1.632 4.575

LL X-ray = 0.973MRI + 1.877 10.1

SS X-ray = 0.822MRI + 3.941 8.227

The intra-observer reliabilities of the TJK, LL, and SS measurements obtained from MRI ranged from
0.965 to 0.972 (Table 2), indicating that the results are in strong to near-perfect agreement. In contrast,
the intra-observer reliabilities obtained from the X-rays ranged from 0.800 to 0.943 (Table 2). The inter-
observer reliability quanti�ed using intra-class correlation coe�cients (ICCs) was 0.713 to 0.856 for X-
rays and 0.891 to 0.925 for MRI, suggesting strong agreement (Table 3).

Table 2
Intraobserver reliability for the 2 observers.

  Observer1   Observer2   Overall

  X-ray MRI   X-ray MRI   X-ray MRI

TJK 0.956 0.968   0.923 0.971   0.943 0.970

LL 0.856 0.972   0.869 0.952   0.860 0.965

SS 0.815 0.961   0.773 0.978   0.800 0.972

Table 3
Interobserver reliability of the

measurements from standing X-ray
and supine MRI

  TJK LL SS

X-ray 0.782 0.856 0.713

MRI 0.891 0.925 0.910

Discussion
The standing X-ray, which spinal surgeons use to plan surgery, is considered the gold standard for
measuring spinal alignment [9]. However, repeated doses of ionizing radiation increases the risk of health
problems, such as an altered immune response and increased cancer risk [5, 10]. Although improvements
in radiographic technology have minimized radiation exposure, long-term health complications remain
problematic [11, 12]. Thus, methods that do not use radiation are needed to evaluate spinal alignment.
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In this study, we found that the correlation between the standing radiographic and supine MRI
measurements of SS, TJK, and LL were very good in degenerative lumbar disease. Several studies have
explored the relationship between Cobb’s angle measured from standing radiographs and supine MRI.
Wessberg et al. [6] used an axial load device to adjust for the unloaded spinal condition present in supine
MR images, and found a near-linear relationship between the plain radiographic and MRI Cobb measures.
Lee et al. [7] also found a near-linear relationship without additional axial loading, although supine MRI
tended to underestimate plain radiographs by 10° on average in adolescent idiopathic scoliosis. For
sagittal balance, Bernstein et al. [13] observed no signi�cant difference between thoracic kyphosis angles
measures from plain radiographs and MRI. However, the authors pointed out that these results cannot be
transferred to lumbar lordosis measurement. Wang et al. [8] compared supine MR imaging and standing
X-rays in the evaluation of the sagittal alignment of the upper thoracic spine, and found no signi�cant
difference in the sagittal angles. However, all of the previous studies were performed in patients with
adolescent idiopathic scoliosis. To date, no study has compared spinal alignment on standing plain
radiographs and supine MRI in patients with degenerative lumbar disease.

This study found that the measurements of SS, TJK, and LL from supine MRI were strongly correlated
with those from standing X-rays (r = 0.85 for TJK, r = 0.785 for LL, and r = 0.654 for SS). The coe�cient for
SS indicated a moderate correlation, which may be due to the poor visibility of the S1-vertebra in standing
X-rays [13]. The LL measures obtained from MRI and X-rays were approximately equal. LL is important in
lumbar degenerative disease. When it is signi�cantly reduced, sagittal plane imbalance occurs. Then �at
back syndrome can develop, which is characterized by back pain, a stooped posture, and an impaired
gait[14]. The restoration of lumbar lordosis is important in the preoperative plan. According to our results,
supine MRI can be used in the evaluation of spinal sagittal alignment without unnecessary exposure to
radiation.

The S1 vertebra is frequently obscured on X-rays by the overlying ilium; thus, more than 50% of the S1
vertebrae cannot be viewed properly in X-rays [13]. We found that the ICC for intra-observer reliability
increased from 0.800 (standing X-ray) to 0.972 (MRI) because MRI provided a clearer picture of the
vertebrae. Therefore, MRI measurements enable more precise sagittal measurements.

Conclusion
In conclusion, supine MRI can be directly translated into sagittal alignment angle measures obtained
from standing X-rays with an acceptable degree of accuracy. MRI avoids the impaired visibility caused by
the overlapping ilium, while reducing the patient’s exposure to radiation.

Abbreviations
MRI: magnetic resonance imaging; TJK:thoracolumbar junction kyphosis; LL:lumbar lordosis; SS:sacral
slope; PI:pelvic incidence; PT:pelvic tilt
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Figure 1
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Figure 2
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Figure 3


