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Objectives: The objective of the review was to examine the evidence comparing upright to supine MRI of
the lumbar spine.
Key findings: A literature search identified 14 articles comparing data where subjects had been scanned
in both supine and upright positions on the same scanner.
Lumbar spine anatomy is dynamic and therefore subject to morphological changes when transitioning
from the supine to the upright position. There is strong evidence to suggest structural changes in spinal
morphology due to radiographic positioning, and that upright positioning is better for evaluating
spondylolisthesis.
Conclusion: It has been demonstrated that the scanning position is important in the outcome of the MRI
examination of the lumbar spine. With this in mind, it would be beneficial for guidance to be written and
adopted to improve the consistency and quality of scanning.
Implications for practice: As upright MRI occupies a niche in the scanning sector, many professionals are
unaware of its capabilities. This article aims to increase awareness of the use of upright MRI in evaluating
the lumbar spine.

© 2020 The College of Radiographers. Published by Elsevier Ltd. All rights reserved.
Introduction

With conventional MRI the patient's upper body weight is not
incumbent upon the spine as it would be in the upright position.
The configuration of the spine is known to change with body po-
sition due to the effects of gravity1, meaning some patients' clinical
symptoms are demonstrably present or exacerbated in the upright
position. Consequently, it has been recognised that some gravity-
dependent pathology may be underestimated using conventional
MRI.2,3 Upright projection radiography has been used for investi-
gation of a number of lumbar spine parameters including neuro-
foraminal and spinal stenosis2 and scoliosis.4 Upright myelography
has also been used effectively to demonstrate dynamic changes in
the dural sac.5 Three-dimensional evaluation of the lumbar anat-
omy is not achievable with conventional projectional radiography,
meaning supplementary MRI and CT may be needed. Previous MRI
llbeing, University of Bolton,
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studies have simulated the effects of gravity on the lumbar spine
using axial loading in the supine position.3,6 However axially
loaded scans do not properly consider the weight of the upper body
or the effects of muscle activation on the stability of the spine.6 The
advent of the upright MRI scanner has added an extra dimension to
the diagnostic capabilities of MRI, in that patients can be scanned in
a more natural weight-bearing position. Upright MRI is still a
relatively new technique and there are very few imaging centres in
the UK offering upright scanning compared to standardMRI.7 There
are also currently no international recommendations relating to the
use of uprightMRI.8 The objective of this reviewwas to evaluate the
impact of radiographic positioning (supine vs upright) when
examining the lumbar spine using open low-field strength MRI
systems.

Methods

A narrative review methodology was adopted to capture both
qualitative and quantitative data relating to the role of upright MRI.
An electronic literature search was carried out on 4th January 2020
to identify relevant articles, employing key words related to two
served.
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domains: upright MRI and the lumbar spine. Combinations of the
following search (keyword and MeSH) terms were used: ‘upright’
OR ‘open’ OR ‘weight-bearing’ AND ‘MRI’ OR ‘magnetic resonance
imaging’ AND ‘lumbar’. The search was conducted on PUBMED,
CINAHL and SPRINGER LINK electronic databases. Date ranges were
2009e2019 inclusive. Appropriate subject headings and word
truncations were used for each electronic database. Titles and ab-
stracts of the initial results were screened for suitability by one
reviewer (insert initials here).

Study selection

Only English-language studies were included. The primary fac-
tor for inclusionwas that subjects had to have been scanned in both
supine and upright positions, using the same scanner. Hence a
direct comparison between the two positions was achievable. Case
reports and literature reviews were excluded. Articles were eval-
uated using the Critical Appraisal Skills Programme (CASP) tool for
diagnostic tests to ensure suitability for inclusion.9

Results

The electronic database search generated 422 articles in
Pubmed, 44 in CINAHL and 126 in Springer Link. One hundred and
forty-six potentially eligible articles were then selected based on
title and abstract. Full text screening further refined the search
based on quality and relevance, leading to 14 articles being
included in the review. The Preferred Reporting Items for System-
atic Review (PRISMA) chart (Fig. 1) details the search procedure.10

Our literature search indicated that the low field-strength MRI
scanners with the capability to scan in both the supine and upright
positions were the 0.25T Esaote G-scan (Esaote, Genoa, Italy), the
0.6T Fonar Indomitable (Fonar Corporation, Melville, NY, USA) and
the 0.5 T Paramed MrOpen (Paramed Medical Systems, Genova,
Italy). Most upright scans were performed at an angle of just less
than 90� to reduce stability problems of the patient.11 All upright
scans were performed in the standing position with the exception
of one which was performed sitting (Table 1).

Findings were then categorised according to pathology,
anatomical region or position, and are discussed below.

Lumbar lordosis

Being a dynamic structure, the lumbar spine adapts its shape
according to body position and loading. Measurement of the lum-
bar lordosis angle (LLA) (Fig. 2) is an important factor when inter-
preting spinal anatomy,12 as increased lordosis is associated with
increased pain sensation.7 The review found inconsistencies in the
landmarks used to measure the LLAs, which was partly a result of
the smaller field of view available on the Esaote G-scan (Table 1). As
a result, evaluation of shorter lengths of spinewould be expected to
underestimate lumbar lordosis angles. Table 1 describes mean
findings relating to LLA and whether subjects being scanned had
pre-existing conditions or if they were asymptomatic.

A significant increase of around 6� (range 6.0�e6.8�) in lumbar
lordosis angle upon transition from supine to the upright position
was found in four studies.8,11e13 Hansen et al.13 discovered that
patients with lower back pain exhibited significantly less lordosis in
both the upright (�5.6�) and supine positions (�6.4�) compared to
healthy controls.

Only two papers found the LLA did not differ significantly be-
tween supine and standing positions.14,15 One of these had a very
small number of subjects (n ¼ 6), making the results less reliable.14

The other was the only study where subjects were scanned in the
90� upright position, which could potentially have an influence on
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findings because leaning backwards leads to extension of the
spine.15

A single article reported a small but significant decrease in LLA
on standing,16 and also examined anterior to posterior disc height
ratios. The same study found anterior to posterior height ratios at
L2/3 and L3/4 increased significantly, whereas the L5/S1 ratio
decreased significantly on standing in healthy subjects, again
showing a decrease in lordosis.16 Of particular note is the use of
young healthy adult subjects in this case.

The only investigation using a sitting, upright position found
mean lordosis angles of 23.2� in the sitting position and 53.4� in the
supine position but no statistical analysis was performed.17 This
figure was broadly comparable to another sitting MRI study which
had a LLA of 29�.18

Splendiani et al.19 considered the LLA to be altered if it differed
from a previously published physiological value of 50�, but did not
state by howmuch the difference needed to be. Fifty nine percent of
patients were considered to have a decreased LLA in both positions,
and 19% of patients had an increased LLA. In a later study Splendiani
et al.20 recorded changes in the lumbar lordosis if greater than ten
degrees between the two positions. This was unusual given that a
change of around six degrees was considered statistically signifi-
cant in much smaller studies.11,12 In total 69% of patients demon-
strated a change of greater than ten degrees, but there was no
indication as to whether this covered increases or decreases in LLA.
These findings also raise the question of whether mean values are
the best method for describing changes in a variable population,
and more research may be required in this field to determine
whether this is the case.

Lumbosacral angle

The lumbosacral angle (LSA) also gives an indication of the de-
gree of lumbar lordosis. A more vertically angled sacrum results in
more loading on the anterior aspect of the spinal column, and vice
versa.11 Increased anterior loading is associated with L5-S1 disc
degeneration, whereas posterior loading adversely affects the facet
joints.11 Tarantino11 found that the mean LSA of patients experi-
encing lower back pain changed by 5� when moving from the su-
pine position to the upright position. This was considered
statistically significant, and indicated an increase in the degree of
lumbar lordosis. Similarly Kubosch et al.2 measured the mean LSA
at 49.4� in supine, and 55.8� in the upright position, again showing
increased lordosis in the upright position. However it was not clear
how this angle was measured and no statistical support was given
to indicate significance. Moreover, these patients were previously
diagnosed with L5/S1 spondylolisthesis and so could not be
considered representative of the population as a whole.

In contrast Weber et al. demonstrated a significant decrease in
lordosis at the L5/S1 angle of healthy volunteers.16 Importantly this
was the only disc level in the lumbar spine found to vary signifi-
cantly between positions. This was consistent with the LLA which
also decreased on standing for these patients. Unlike other re-
searchers, Splendiani et al.19 did not compare average LSA angles
between groups. They did find that 53% of patients had a lumbo-
sacral angle greater than a pre-defined normal range of 120e135�.
Although this appears to be an important finding, no discussion
was made regarding the validity of the range used.

Methods used to describe lumbosacral angle are detailed in
Table 2.

Spondylolisthesis

Spondylolisthesis is defined as the anteroposterior displace-
ment of vertebrae, and may lead to progressive vertebral bony



Figure 1. PRISMA flow diagram for search results.
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deformity and compression of adjacent nerves.21 The degree of
spondylolisthesis is expressed on a scale of 1e5, with 5 being the
greatest.21 Splendiani et al.’s study of 4305 lower back pain patients
found that 9.5% demonstrated spondylolisthesis in the upright
position only, which was termed ‘occult spondylolisthesis’.20

Similarly a smaller study reported no spondylolisthesis in the su-
pine position, but a grade I spondylolisthesis was found in 10% of
patients when upright.15 This incidence appears conservative
compared to previous literature which showed spondylolistheses
in 18%22 and 28%23 of patients using upright radiographs compared
with supine MRI. Only one author in this review8 found no differ-
ence in the number of spondylolistheses visualised in upright vs
supine scanning in patients with lower back pain.

A number of studies examined patients with known spondylo-
listheses, providing a further dimension to the understanding of the
weight-bearing position on this condition. In a sample of ten pa-
tients due for L4/5 interbody fusion, including nine cases of spon-
dylolisthesis, a slight increase in sagittal translation was noted but
it was not considered significant.7 However, it is probable that the
spondylolistheses in these cases were initially diagnosed and
selected using supine imaging, which would explain the results.

Four out of twenty-nine patients with spondylolisthesis visible
on supine images showed worsening of spondylolisthesis in the
723
upright position, but no new instances were found in the remaining
patients.11 In patients with known spondylolisthesis of L5/S1 the
mean intervertebral translation at this level was found to be
8.3 mm in the supine and 9.9 mm in the upright position. However,
this small difference was not considered statistically significant.2

It is evident that more information regarding the presence and
degree of lumbar spondylolisthesis is obtained during upright MRI.
There is a subgroup of patients for which upright scanning would
be beneficial where previous imaging has failed to find the cause of
the clinical problems. The clinical significance of this is high
because spondylolisthesis of over 3 mm can be considered
unstable.17

Disc morphology

Lumbar intervertebral discs are subjected to a fivefold increase
in pressure in the standing position compared to supine.24With the
spine being a dynamic structure it is important to understand the
effects of different positioning has on the relevant anatomy.
Splendiani et al.25 measured the anterior, middle and posterior
sections of the intervertebral discs from L1-S1 in both positions.
Mean disc height was reduced in 35/38 patients when in the up-
right position, with a significant difference in disc height change.



Table 1
Summary of studies.

Study Scanner Subject presentation N Upright
position

Lumbar lordosis angle
measurement

Mean LLA
supine

Mean LLA
upright

Difference

Hansen et al., 2015 0.25T Esaote Lower back pain 38 82� Standing Superior margins of L2 and S1 45.6� 52.4� 6.8�

Hansen et al., 2015 0.25T Esaote Healthy control group 38 82� Standing Superior margins of L2 and S1 52� 58� 6�

Hansen et al., 2018 0.25T Esaote Lower back pain 56 82� Standing Superior margins of L2 and S1 43.7� 50.3� 6.6�

Kubosch et al., 2015 0.25T Esaote Chronic back pain 15 80� Standing Not performed *** *** ***
Lang et al., 2018 0.25T Esaote Lumbar degenerative

disorders
10 80� Standing Not performed *** *** ***

Lau et al., 2017 0.25T Esaote Neurogenic claudication 70 84� Standing Not performed *** *** ***
Mauch et al., 2010 0.25T Esaote Healthy athletes 35 *** Standing Superior margins of L2 and S1 46.3� 52.6� 6.3�

Muto et al., 2016 0.5T Paramed Neurogenic claudication 40 90� Standing Superior margins of L1 and S1 51.3� 53.3� 2�

Niggemann et al., 2012 0.6T Fonar Various symptoms 32 * Sitting Superior margins of L1 and S1 23.2� 53.4� 30.2�

Shymon et al., 2014 0.6T Fonar Healthy 6 84� Standing Superior margins of L1 and S1 55� 57� �2�

Splendiani et al., 2014 0.25T Esaote Lumbosacral pain 160 *** Standing Superior margins of L1 and
inferior margin of L5

*** *** ***

Splendiani et al., 2016 0.25T Esaote Lower back pain 4305 82� Standing Superior margins of L2 and
inferior margin of L5

*** *** ***

Splendiani et al., 2019 0.25T Esaote Lower back pain 38 82� Standing Not performed *** *** ***
Tarantino et al., 2013 0.25T Esaote Lower back pain

on standing
53 82� Standing Superior margins of L1 and

inferior margin of L5
35.5 41.6 6.1***

Weber et al., 2019 0.6T Fonar Young healthy adults 40 84� Standing Inferior margin of T12 and
superior margin of S1

53.4 50.6 �2.8***

*** information not provided.
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Shymon14 examined the lumbar spine of six healthy volunteers in
the supine and upright position. The anterior height of the only disc
evaluated (L5-S1) was found to be significantly smaller in the up-
right position compared to the supine position. The maximum disc
height at the L3/4 level was measured by Tarantino et al.11 The
mean was significantly reduced in the upright position by 1.7 mm,
with male subjects’ discs being significantly thicker than those of
females. Intervertebral disc width was only examined in one pub-
lication, and was not found to differ between positions in healthy
subjects.16 These results are important as the Intervertebral height
is a factor associated with nerve compression in intervertebral
foraminae.2

Disc protrusions, when orientated towards the spinal canal or
intervertebral foramen, can potentially compress the spinal cord
and nerve roots. Splendiani et al.20 found that the appearance or
Increase of disc protrusions when upright compared to supine was
statistically significant. Notably, eleven percent of patients had a
disc protrusion only apparent when upright. Another author found
the mean extent of disc bulging increased significantly when in
upright position.15 A significant volumetric increase of disc pro-
trusions was seen in the upright by Tarantino et al.,16 with 11/53
patients showing disc protrusions which were not present in the
supine scan.

As a measure of disc degeneration, Hansen et al.13 graded all
lumbar disc levels on a scale of 1e5, to give an overall lumbar disc
disease (LDD) score. The LLA was not seen to correlate to the LLD
score in either the upright or supine position. Changes in LLA
correlated negatively with the LDD score in healthy volunteers but
not for lower back pain patients.

Disc morphology is therefore subject to change when in the
upright position. Upright scanning demonstrates a greater extent of
disc pathology that could result in nerve compression, and which is
not evident in the supine position.

Neural dimensions

Variation in a range of dimensions has been investigated,
including AP diameter of spinal canal, dural sac dimensions and
neuroforaminal diameters. There is clearly an overlap with
changes in these parameters and changes in disc morphology, and
indeed lumbar lordosis. Splendiani et al.19 analysed two lumbar
disc levels per patient: a clinical symptomatic level and a clinically
724
non-pathological control. One hundred and fifteen patients were
studied. In total 61/230 disc levels showed stenoses only on up-
right scanning. Every one of these occult stenoses occurred in a
different patient, and correlated with clinical symptoms which
worsened in the upright position. On the other hand, Hansen8

studied the L2/3 to L5/S1 disc levels for stenoses, and found no
difference in the number of spinal stenoses upon changing posi-
tion. The reason for the difference in findings between the two
studies is not clear, as both studies were performed using the
same scanner on patients with lower back pain. However, Hansen
et al.8 did note only fair-to-moderate inter-and intra-reader reli-
ability between their three readers. This aspect would therefore
warrant further investigation.

Neuroforaminal diameter

The neuroforamen is anatomically important as it is the passage
through which nerves pass on exiting the spinal canal. The mean
foraminal area and diameter at L4/5 were shown in one study to
decrease significantly by 13% and 10% respectively from supine to
upright.7 Mauch et al.12 investigated level 1 narrowing of the neural
foraminae and found it more pronounced in 13.4% of patients at L4/
5 and 26.7% of patients at L5/S1. At the L5/S1 level another study
found these measurements to be decreased on standing, but not
significantly.2 Variations in results of these studies may be attrib-
uted to sampling error when measuring such small dimensions or
the small study sizes.

Spinal canal dimensions

Posture-dependent variations in the spinal canal were
observed in a number of studies. Anteroposterior (AP) diameters
of the lumbar spine anatomy have been measured as dural sac
diameter16 or spinal canal diameter/stenosis.19,20 Splendiani20

discovered that 9.2% of patients with back pain demonstrated
spinal canal stenosis in the upright positionwhich was not seen in
the supine position. In a separate study the mean spinal canal
diameter was observed to decrease by 13.1% in the upright posi-
tion.15 The maximum AP diameter of the dural sac was also found
to decrease significantly when upright at L3/4 and L4/5 by Mauch
et al.,12 but not at L5/S1. Similarly the mean dural sac diameter
reduced significantly by 13.1% on standing in the study by Muto



Figure 2. Measurement of the lumbar lordosis angle. The lumbar lordosis angle a is
calculated by tracing tangents to the upper endplate of L1 and the lower endplate of L5,
and measuring the angle formed by the intersection of two lines perpendicular to the
tangents.

M.A. Baker and S. MacKay Radiography 27 (2021) 721e726
et al.15 The dural sac cross-sectional area (DSCA) was found to
increase by a non-significant amount on standing by Mauch
et al.,12 whereas the spinal canal cross-sectional area (SCCA) did
not change.

The volume of the central canal at L4/5 was measured by Lang
et al.,7 and seen to decrease by 8% in the upright position, although
not significantly. In another paper however, volume measurements
at L5/S1 increased when upright, but not reaching significance.2

After repeatedly changing position from supine to upright the
Table 2
Lumbosacral angle measurements.

Sample size L5/S1 angle calculation

Kubosch et al., 2015 15 Not described
Splendiani et al., 2014 115 Tracing two lines parallel to front profile o
Tarantino et al., 2013 53 Anterior open-angle intercepted by two ta

anterior walls of L5 and S1
Weber et al., 2019 40 Segmental Cobb angle
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authors then noted a reduction in spinal canal volume, although no
data was presented to verify this.

Patients with neurogenic claudication were studied by Lau
et al.26 Dural sac cross-sectional areas (DSCA) and sagittal AP di-
mensions at themost constricted lumbar spinal level on supineMRI
were compared to their corresponding standing position. Mean
DSCA and AP diameter were found to be significantly reduced in the
standing position (by 28.7% and 25.4% respectively). Upon corre-
lation of DSCA and sagittal AP dimensions with distance where
claudication was experienced, upright MRI showed significantly
better correlation than supine MRI. Upright MRI also demonstrated
significantly better correlation of dural sac parameters with visual
analogue score (VAS) of leg pain than supine MRI. This was in
agreement with another study on neurogenic claudication, which
demonstrated dural sac diameter, spinal canal diameter and spinal
canal areas decreased significantly when upright.16

Only one set of results showed a significant increase in mean AP
dural sac diameter on standing. The maximum AP diameter of the
dural sac at L3/4 increased from a mean of 13.1 mme14.5 mm on
standing, with no differences between genders observed.16

It has therefore been demonstrated that in general spinal canal
dimensions reduce in the upright position, showing greater po-
tential to identify problematic pathology and nerve compression.
Juxtafacetal cysts and facet joint effusions

Nerve root compression and spinal canal stenosis can be caused
by juxtafacetal cysts in the same way as disc protrusions.17 Supine
MRI scanning has not been able to reliably identify all juxtafacetal
cysts when compared retrospectively to pathological examina-
tion.27 With this in mind Niggemann et al.17 studied fifty patients
diagnosed with intraspinal or intraneuroforaminal juxtafacetal
cysts. It was found that the detection rate for juxtafacet cysts was
89% for supine scanning but only 78% for the upright neutral sitting
position. These findingswere attributed to a reduction in lordosis in
the neutral sitting position compared to the supine and extended
positions. This was mirrored by another study, where the majority
of facet joint effusions visualised on supine imaging were consid-
ered to disappear on standing.8
Limitations

Limitations to the research include the small study size of many
of the papers and their associated power and generalizability to the
overall population. This review only analysed papers from three
databases and therefore is likely to have excluded some relevant
publications. Only one author searched and reviewed the papers
and it would have been preferable to have had a larger team to do
this.

The physical dimensions of the Esaote G-scan created two
problems. Firstly the limited field of view made it difficult to
examine the full length of the lumbar spine on studies using this
scanner. Secondly, there was a limitation on the antero-posterior
Mean angle
supine

Mean angle
upright

Mean effect on lordosis
when upright

49.4� 55.8� Increase
f body of L5 and S1 n/a n/a None shown
ngent lines of the 136.7� 131.7� Increase

12.0� 9.52� Decrease
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dimensions of patients which could be accommodated within this
model of scanner.

Variations in results could have been influenced by the lack of
uniformity in positioning for the supine scanning, with some re-
searchers using the extended leg position, and others using a
bolster under the lower legs to achieve a psoas relaxed position.
Other factors affecting the LLA could include upright scanning
angle, measurement technique and patient health status. Although
the LLA measurements were generally consistent with a previously
described method,28 it is acknowledged that it has high inter- and
intra-observer variations compared with other methods.29

Differences in protocols and methods varied across studies. A
lack of standardisation in methods and measurement techniques
must therefore be acknowledged. In addition no study noted how
many radiographers were involved in each study, or how experi-
enced they were. This could have had an effect on the consistency
of positioning.

Lastly, the effects of flexion and extension scans (or hyper-
lordosis position), or of load-carrying positions in the upright po-
sition were not considered in this review, and would make a
suitable topic for further review.

Conclusions

Lumbar spine anatomy is dynamic and therefore subject to
morphological changes when transitioning from the supine to the
upright radiographic position. There is strong evidence that disc
morphology and pathology varies according to radiographic posi-
tion, and that upright positioning is better for evaluating spondy-
lolisthesis. Furthermore it has been demonstrated that the
scanning position is important in the outcome of the MRI exami-
nation of the lumbar spine.With this inmind, it would be beneficial
for guidance to be written and adopted to improve the consistency
and quality of scanning.

Conflict of interest statement

None.

Acknowledgements

This research was carried out as part of the Formal Radiography
Research Mentorship (FoRRM) programme, conducted by the So-
ciety of Radiographers.

References

1. Simons CJ, Cobb L, Davidson BS. A fast, accurate and reliable reconstruction
method of the lumbar spine vertebrae using positional MRI. Ann Biomed Eng
2014;42(4):833e42.

2. Kubosch D, Vicari M, Strohm PC, Kubosch EJ, Knoller S, Hennig J, et al. The
lumbar spine as a dynamic structure depicted in upright MRI. Medicine (Baltim)
2015;94(32):1e6. https://doi.org/10.1097/MD.0000000000001299.

3. Ahn T, Lee S, Choi G, Ahn Y, Liu WC, Kim HJ, et al. Effect of intervertebral disk
degeneration on spinal stenosis during magnetic resonance imaging with axial
loading. Neurol Med -Chir 2009;49(6):242e7. https://doi.org/10.2176/
nmc.49.242.

4. Brink RC, Colo D, Schlosser TP, Vincken KL, van Stralen M, Hui SC, et al. Upright,
prone and supine spinal morphology and alignment in adolescent idiopathic
scoliosis. Scoliosis Spinal Disord 2017;12(6). https://doi.org/10.1186/s13013-
017-0111-5.

5. Kanno H, Endo T, Ozawa H, Koizumi Y, Morozumi N, Itoi E, et al. Axial loading
during magnetic resonance imaging in patients with lumbar spinal canal ste-
nosis: does it reproduce the positional change of the dural sac detected by
upright myelography? Spine 2012;37(16):E985e92. https://doi.org/10.1097/
BRS.0b013e31821038f2.

6. Manenti G, Liccardo G, Sergiacomi G, Ferrante L, D'Andrea G, Konda D,
et al. Axial loading MRI of the lumbar spine. In Vivo 2003;17(5):
413e20.
726
7. Lang G, Vicari M, Siller A, Kubosch EJ, Hennig J, Sudkamp NP, et al. Preoperative
assessment of neural elements in lumbar spinal stenosis by upright magnetic
resonance imaging, an implication for routine practice? Cureus 2018;10(4):
e2440.

8. Hansen BBM, Hansen P, Christensen AF, Trampedach C, Rasti Z, Bliddal H, et al.
Reliability of standing weight-bearing (0.25T) MR imaging findings and posi-
tional changes in the lumbar spine. Skeletal Radiol 2018;47(1):25e35. https://
doi.org/10.1007/s00256-017-2746-y.

9. Critical appraisal Skills programme diagnostic test checklist. No date [cited
20.1.2020]. Available from: https://casp-uk.net/wp-content/uploads/2018/01/
CASP-Diagnostic-Checklist-2018.pdf.

10. Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMAGroup. Preferred reporting
Items for systematic reviews andmeta-analyses: the PRISMA statement. PLoSMed
2009;6(7):e1000097. https://doi.org/10.1371/journal.pmed1000097.

11. Tarantino U, Fanucci E, Iundusi R, Celi M, Altobelli S, Gasbarra E, et al. Lumbar
spine MRI in upright position for diagnosing acute and chronic low back pain:
statistical analysis of morphological changes. J Orthop Traumatol 2013;14(1):
15e22. https://doi.org/10.1007/s10195-012-0213-z.

12. Mauch E, Jung C, Huth J, Bauer G. Changes in the lumbar spine of athletes from
supine to true-standing position in magnetic resonance imaging. Spine
2010;35(9):1002e7. https://doi.org/10.1097/BRS.0b013e3181bdb2d3.

13. Hansen BB, Bendix T, Grindsted J, Bliddal H, Christensen R, Hansen P, et al.
Effect of lumbar disc degeneration and low-back pain on the lumbar lordosis in
supine and standing: a cross-sectional MRI study. Spine 2015;40(21):1690e6.
https://doi.org/10.1097/BRS.0000000000001120.

14. Shymon S, Hargens AR, Minkoff LA, Chang DG. Body posture and backpack
loading: an upright magnetic resonance imaging study of the adult lumbar
spine. Eur Spine J 2014;23(7):1407e13. https://doi.org/10.1007/s00586-014-
3247-5.

15. Muto M, Giurazza F, Guarnieri G, Senese R, Schena E, Zeccolini F, et al. Dynamic
MR in patients affected by neurogenical claudication: technique and results
from a single center experience. Neuroradiology 2016;58(8):765e70. https://
doi.org/10.1007/s00234-016-1697-7.

16. Weber CI, Hwang C, van Dillen LR, Tang SY. Effects of standing on spinal
alignment and lumbar intervertebral discs in young, healthy individuals
determined by positional magnetic resonance imaging. Clin Biomech 2019;65:
128e34. https://doi.org/10.1016/j.clinbiomech.2019.04.010.

17. Niggemann P, Kuchta J, Hoeffer J, Grosskurth D, Beyer HK, Delank KS. Juxtafacet
cysts of the lumbar spine: a positional MRI study. Skeletal Radiol 2012;41(3):
313e20. https://doi.org/10.1007/s00256-011-1186-3.

18. Buckland AJ, Beaubrun BM, Isaacs E, Moon J, Zhou P, Horn S, et al. Psoas
morphology differs between supine and sitting magnetic resonance imaging
lumbar spine: implications for lateral lumbar interbody fusion. Asian Spine J
2018;12(1):29e36.

19. Splendiani A, Ferrari F, Barile A, Masciocchi C, Gallucci M. Occult neural
foraminal stenosis caused by association between disc degeneration and facet
joint osteoarthritis: demonstration with dedicated upright MRI system. Radiol
Med 2014;119(3):164e74. https://doi.org/10.1007/s11547-013-0330-7.

20. Splendiani A, Perri M, Grattacaso G, Di Tunno V, Marsecano C, Panebianco L,
et al. Magnetic resonance imaging (MRI) of the lumbar spine with dedicated G-
scan machine in the upright position: a retrospective study and our experience
in 10 years with 4305 patients. Radiol Med 2016;121(1):38e44. https://doi.org/
10.1007/s11547-015-0570-9.

21. Zhao S, Wu X, Chen B, Li S. Automatic spondylolisthesis grading from MRIs
across modalities using faster adversarial recognition network. Med Image Anal
2019;58:101533. https://doi.org/10.1016/j.media.2019.101533.

22. Finkenstaedt T, Del Grande F, Bolog N, Ulrich NH, Tok S, Burgstaller JM, et al.
Correlation of listhesis on upright radiographs and central lumbar spinal canal
stenosis on supine MRI: is it possible to predict lumbar spinal canal stenosis?
Skeletal Radiol 2018;47(9):1269e75. https://doi.org/10.1007/s00256-018-
2935-3.

23. Segebarth B, Kurd MF, Haug PH, Davis R. Routine upright imaging for evalu-
ating degenerative lumbar stenosis: incidence of degenerative spondylolis-
thesis missed on supine MRI. J Spinal Disord Tech 2015;28(10):394e7. https://
doi.org/10.1097/BSD.0000000000000205.

24. Nachemson AL. Disc pressure measurements. Spine 1981;6(1):93e7.
25. Splendiani A, Bruno F, Marsecano F, Arrigoni CF, Di Cesare E, Barile A,

et al. Modic I changes size increase from supine to standing MRI
correlated with increase in pain intensity in standing position: uncov-
ering the “biomechanical stress” and “active discopathy” theories in low
back pain. Eur Spine J 2019;28(5):983e92. https://doi.org/10.1007/
s00586-019-05974-7.

26. Lau YY, Lee RK, Griffith JF, Chan CL, Law SW, Kwok KO. Changes in dural sac
caliber with standing MRI improve correlation with symptoms of lumbar
spinal stenosis. Eur Spine J 2017;26(10):2666e75. https://doi.org/10.1007/
s00586-017-5211-7.

27. Salmon B, Martin D, Lenelle J, Stevenaert A. Juxtafacetal cysts of the lumbar
spine. Clinical, radiological and therapeutic aspects in 28 cases. Acta Neurochir
2001;143(2):129e34.

28. Cobb JR. Outline for the study of scoliosis. The American academy of orthopedic
surgeons instructional course lectures, vol. 5. Ann Arbor, MI: Edwards; 1948.

29. Hwang J, Modi H, Suh S, Hong J, Park YH, Park J, et al. Reliability of lumbar
lordosis measurement in patients with spondylolisthesis A case-control study
comparing the cobb, centroid, and posterior tangent methods. Spine
2010;35(18):1691e700.

http://refhub.elsevier.com/S1078-8174(20)30232-7/sref1
http://refhub.elsevier.com/S1078-8174(20)30232-7/sref1
http://refhub.elsevier.com/S1078-8174(20)30232-7/sref1
http://refhub.elsevier.com/S1078-8174(20)30232-7/sref1
https://doi.org/10.1097/MD.0000000000001299
https://doi.org/10.2176/nmc.49.242
https://doi.org/10.2176/nmc.49.242
https://doi.org/10.1186/s13013-017-0111-5
https://doi.org/10.1186/s13013-017-0111-5
https://doi.org/10.1097/BRS.0b013e31821038f2
https://doi.org/10.1097/BRS.0b013e31821038f2
http://refhub.elsevier.com/S1078-8174(20)30232-7/sref6
http://refhub.elsevier.com/S1078-8174(20)30232-7/sref6
http://refhub.elsevier.com/S1078-8174(20)30232-7/sref6
http://refhub.elsevier.com/S1078-8174(20)30232-7/sref6
http://refhub.elsevier.com/S1078-8174(20)30232-7/sref7
http://refhub.elsevier.com/S1078-8174(20)30232-7/sref7
http://refhub.elsevier.com/S1078-8174(20)30232-7/sref7
http://refhub.elsevier.com/S1078-8174(20)30232-7/sref7
https://doi.org/10.1007/s00256-017-2746-y
https://doi.org/10.1007/s00256-017-2746-y
https://casp-uk.net/wp-content/uploads/2018/01/CASP-Diagnostic-Checklist-2018.pdf
https://casp-uk.net/wp-content/uploads/2018/01/CASP-Diagnostic-Checklist-2018.pdf
https://doi.org/10.1371/journal.pmed1000097
https://doi.org/10.1007/s10195-012-0213-z
https://doi.org/10.1097/BRS.0b013e3181bdb2d3
https://doi.org/10.1097/BRS.0000000000001120
https://doi.org/10.1007/s00586-014-3247-5
https://doi.org/10.1007/s00586-014-3247-5
https://doi.org/10.1007/s00234-016-1697-7
https://doi.org/10.1007/s00234-016-1697-7
https://doi.org/10.1016/j.clinbiomech.2019.04.010
https://doi.org/10.1007/s00256-011-1186-3
http://refhub.elsevier.com/S1078-8174(20)30232-7/sref18
http://refhub.elsevier.com/S1078-8174(20)30232-7/sref18
http://refhub.elsevier.com/S1078-8174(20)30232-7/sref18
http://refhub.elsevier.com/S1078-8174(20)30232-7/sref18
http://refhub.elsevier.com/S1078-8174(20)30232-7/sref18
https://doi.org/10.1007/s11547-013-0330-7
https://doi.org/10.1007/s11547-015-0570-9
https://doi.org/10.1007/s11547-015-0570-9
https://doi.org/10.1016/j.media.2019.101533
https://doi.org/10.1007/s00256-018-2935-3
https://doi.org/10.1007/s00256-018-2935-3
https://doi.org/10.1097/BSD.0000000000000205
https://doi.org/10.1097/BSD.0000000000000205
http://refhub.elsevier.com/S1078-8174(20)30232-7/sref24
http://refhub.elsevier.com/S1078-8174(20)30232-7/sref24
https://doi.org/10.1007/s00586-019-05974-7
https://doi.org/10.1007/s00586-019-05974-7
https://doi.org/10.1007/s00586-017-5211-7
https://doi.org/10.1007/s00586-017-5211-7
http://refhub.elsevier.com/S1078-8174(20)30232-7/sref27
http://refhub.elsevier.com/S1078-8174(20)30232-7/sref27
http://refhub.elsevier.com/S1078-8174(20)30232-7/sref27
http://refhub.elsevier.com/S1078-8174(20)30232-7/sref27
http://refhub.elsevier.com/S1078-8174(20)30232-7/sref28
http://refhub.elsevier.com/S1078-8174(20)30232-7/sref28
http://refhub.elsevier.com/S1078-8174(20)30232-7/sref29
http://refhub.elsevier.com/S1078-8174(20)30232-7/sref29
http://refhub.elsevier.com/S1078-8174(20)30232-7/sref29
http://refhub.elsevier.com/S1078-8174(20)30232-7/sref29
http://refhub.elsevier.com/S1078-8174(20)30232-7/sref29

	Please be upstanding – A narrative review of evidence comparing upright to supine lumbar spine MRI
	Introduction
	Methods
	Study selection

	Results
	Lumbar lordosis
	Lumbosacral angle
	Spondylolisthesis
	Disc morphology
	Neural dimensions
	Neuroforaminal diameter
	Spinal canal dimensions
	Juxtafacetal cysts and facet joint effusions

	Limitations
	Conclusions
	Conflict of interest statement
	Acknowledgements
	References


