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ABSTRACT
Study Design: Observational Study
Objective: The primary objective was to determine if there were differences in spine structure
measures between experimental postures and standard supine posture MRIs.
Methods: Thirty-four low back pain patients were included. MRI was taken in 6 experimental
postures. The dependent measures includes sagittal view anterior (ADH), middle and posterior
disc heights, thecal sac width, left/right foraminal height (FH). In the axial view: disc width, left
and right foraminal height. Measures were done L3/L4, L4/L5 and L5/S1. Each subject served as
their own control. Spine measurements in the experimental posture were compared to the
same measures in the standard supine posture.
Results: 94% inter-observer reliability was seen. In the sagittal and axial view, 55 of the 108 and
11 of the 18 measures were significantly different. In sagittal view: a) ADH was significantly
smaller in the sitting flexed posture by 2.50mm ± 0.63 compared to the supine posture; b) ADH
in sitting neutral posture was significantly smaller than the standard posture by 1.97mm ± 0.86;
c) sitting flexed posture showed that bilateral FH measures were significantly different; d)
Bilateral FH was larger in the sitting neutral posture compared to the standard supine posture
by 0.87mm ± 0.17.
Conclusions: This research quantifies the differences in spine structure measures that occur in
various experimental postures. The additional information gathered from an upright MRI may
correlate with symptoms leading to an accurate diagnosis and assist in future spine research.

Abbreviations: MRI: Magnetic resonance imaging; ADH: Anterior Disc Height; PDH: Posterior
Disc Height; FH: Foraminal Height; CT: Computer Tomography; GLM: General linear model pro-
cedure; ISS: Interspinous spacers
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Introduction

Globally, low back pain is the leading cause of disabil-
ity [1]. In the United States approximately one fourth
of adults have reported back pain symptoms in the
past 3months [2]. It has been reported that 2.63 mil-
lion emergency room visits annually were due to back
pain related disorders [3].

Magnetic resonance imaging (MRI) is one of the
most commonly used diagnostic tools for physicians
treating low back pain patients [4]. MRI is currently
the imaging modality of choice however MRI may mis-
classify a considerable number of disc herniation
patients [5]. Additionally, positive MRI findings of disc
protrusion, nerve root compression and disc degener-
ation have not necessarily been the cause of a

patients low back pain symptoms [6]. Suri et al. found
that the three year incidence of MRI finding did not
explain the vast majority of incidence of LBP symp-
toms or sciatica [7]. In a systematic review, Chou et al.
found that there was no direct link between MRI find-
ings and chronic low back pain [8]. De Graaf et al.
examined the diagnostic accuracy of MRI, CT, and
myelogram for lumbar spinal stenosis and reported
that there was no superior imaging method [9]. In 80
to 90% of low back pain cases the specific diagnosis
in unknown [7]. Conventional MRI is done in a supine
position, a posture that unloads the spine and clinic-
ally associated with relief of back pain symptoms.

Advances in MRI technology have led to the devel-
opment of positional MRI where patients can sit or
stand during the MRI. Several authors have found
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differences in results between the traditional supine
MRI and new positional MRI. Madsen et al. found that
dural sac cross sectional area was influence by MRI
posture [10]. Previous studies have demonstrated
changes in disc height with posture and on recum-
bent and upright MRI [11,12]. Conventional MRI is usu-
ally performed with patients in recumbent position.
Various pathologic features, including deformation of
the dural sac and nerve root, the presence of bulging
disc, thickening of the ligamentum flavum, and/or nar-
rowing of the intervertebral foramen, can remain
undetected compared with that observed in the load-
ing position of spine.

The primary objective of this study was to quantify
the differences in spine structure measures examined
on MRI between the standard recumbent posture and
experimental postures. In order to complete our primary
objective a preliminary study examining differences
between raters must demonstrate minimal differences.

Methods

The Ohio State University institutional review board
(federal wide assurance number 00006378) approved
the study. Thirty-four low back pain patients that were
already being sent for a standard supine MRI for low
back pain agreed to participate in the study and
signed the consent form. Patients with neurogenic
pain and elderly patients who most frequently would
have needed an MRI for neurogenic complaints more
than back pain were excluded. On average the
patients were 48.2 years old (standard deviation
13.2 years). The study population was 48% male. The
duration of ongoing low back pain symptoms was on
average 108months with a standard deviation of
135months. Pain severity at the time of MRI was on
average 5.7 ± 2.3 on a 10 point visual analog scale.

Experimental design

The study was conducted by the Spine Research Unit
of the Ohio State University under coordination with
the Neurosurgery Department. The independent meas-
ures were rater and posture. There were two raters.
Both raters were trained neurosurgeons with ample
experience in field and were blinded of the subject
details. The entire study was closely supervised by the
Spine surgeons who specialized in spine surgery.
There were seven postures, first the standard recum-
bent and six experimental postures including sitting
neutral, sitting flexed, sitting extended, standing neu-
tral, standing flexed and standing extended. The

dependent measures were disc height (anterior, mid-
dle and posterior), thecal sac width, left and right
neural foraminal height in the sagittal view at three
levels (L3/L4, L4/L5 and L5/S1). In the axial view the
dependent measures were disc width, right and left
neural foraminal height. There were 108 sagittal view
measures and 18 axial view measures.

Equipment

The MRI machine used was a Fonar UPRIGHTVR

Multi–PositionTM 0.6 T MRI machine. This particular
machine allowed the scan to be done in an upright
and seated position. This particular aspect was used in
the study to assess the changes in the spine in the
functional position of weight bearing.

Procedure

Research staff explained the experimental postures to
the patients. If the patient was interested in participat-
ing the patient signed an approved IRB consent form
for the study. The standard recumbent view was per-
formed first followed by experimental positions. Firm
cushions and support bars were placed around the
patients in order to maintain maximum position of
flexed and extension for both sitting and standing
MRI. We targeted to have approximately 60� of flexion
and 15� of extension based on a picture taken for
each patient.

Measurements

The measurements were taken in MatlabVR at three lev-
els (L3/L4, L4/L5 and L5/S1). Sagittal view measures
included anterior, middle and posterior disc heights,
thecal sac width as illustrated in Figure 1. Figure 2
illustrates the sagittal view neural foraminal height
measures. Finally in the axial view disc width as well
as right and left neural foraminal heights were meas-
ures displayed in Figure 3.

Sagittal view measurements

The instructions for the measurements were two fold.
First, there were instructions for slice selection and
secondly there were instructions for the measure-
ments. In the sagittal view, anterior, middle and pos-
terior disc height measures slice selection was to
identify the slice to measure by starting with a slice
approximately in the subject’s midline and advancing
slice-by-slice to the subject’s left until reaching a slice
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that contacted a complete pedicle for the vertebra of
interest. Note this slice number and then advance to
the right until the slice containing a complete pedicle
is in view on the other side. Count the number of sli-
ces between pedicles and measure on the center slice.
If there were an even number of slices then select the
slice with clearest spinous processes. Anterior and pos-
terior disc height measures were made by locating the
corners of the vertebra and then MatlabVR calculated
the heights. The middle disc height measurement was
made by finding the midpoint of the line connecting
the anterior and posterior corners of each vertebra in
the intervertebral space, then interpolate a line until it

reaches then endplate. If the midpoint is already
inside the bone/endpoint then start the line at the
edge of the endplate. The middle disc height was
then calculated in MatlabVR .

Slice selection for the thecal sac width measure-
ment in the sagittal view was similar to that of the
disc height measures. The thecal sac width was meas-
ured for each vertebral body (not disc). The slice

Figure 2. Sagittal view neural foramen opening measure.

Figure 3. Axial view disc width as well as right and left neural
foramen opening measures.

Figure 1. Sagittal view anterior, middle and posterior disc heights measures as well as thecal sac width measure.
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selection was focused on the pedicle for the vertebral
body level being measured. The measurement was
taken by creating a line connecting the posterior ver-
tebral corners and drawing a perpendicular line that
connected the vertebral body to the spinous process.
The intent was to measure the thinnest portion of
the thecal sac. The length of the line was calculated
in MatlabVR .

Slice selection for the neural foramen height in the
sagittal view was started at the subject’s midline and
then advance slice-by-slice to the subject’s left until
the first slice containing a complete pedicle for the
vertebral body of interest. Choose this slice for the left
neural foramen measurement. Repeat this process
advancing to the right to identify the slice for the
right neural foramen measurement. The measurement
was to find the posterior point of the disc bulge and
draw and line perpendicular to the disc until bone
was reached. The length of the line was calculated
in MatlabVR .

Axial view measurements

Slice selection for the disc width measurement in the
axial view was to select the slice where the disc
appeared darkest and the neural foramina were clear-
est. There should have been no pedicles visible in the
slice selected. The disc width measurement was taken
by drawing a line connecting the left most edge of
the disc to the right most edge of the disc. This line
was not necessarily horizontal and the length of the
line was calculated in MatlabVR .

Slice selection for neural foraminal height in the
axial view was started at a slice distal to the measure-
ment of interest then advancing slice-by-slice cranially
until the first slice containing pedicles connected to
the vertebral body was found. Continue advancing
cranially until the next slice containing a complete
pedicle was found. Count the number of slice contain-
ing pedicles and make the measurement on center
slice. If there were an even number of slices, select
the slice with the narrowest neural foraminal measure-
ment. The left and right have been measured on dif-
ference slices. The measurement was to draw a line
connecting the facet to the vertebral body at the nar-
rowest point. The measurement was calculated
in MatlabVR .

Data analysis

Each subject served as their own control (standard
supine posture). The difference between standard

supine posture and experimental posture was calcu-
lated. A positive difference score indicated that the
standard supine posture measure had a larger value
than the experimental posture. A negative difference
score indicated the experimental posture measure
was larger.

Statistical analysis

All statistical analysis was completed using SAS 9.2
[13]. The preliminary objective of differences between
raters was tested with proc GLM (general linear model
procedure) with a test statement to control the error
term. The primary objective of differences between
supine and experimental posture was tested using a
means statement with a paired t statistic and probabil-
ity to show that the difference value was significantly
different than zero.

Results

The preliminary study findings indicated that only 6 of
108 measures were significantly different between the
two raters in the sagittal view. Thus 94% of measures
were not significantly different between the two
raters. In the axial view, 1 of the 18 measures were
significantly different. Similar to the sagittal view, 94%
of the measures in the axial view were not signifi-
cantly different between the two raters. Since 94% of
the measures were not significantly different between
the two raters, all the measures were averaged across
the raters to examine differences between the stand-
ard supine posture and the experimental posture.

In the sagittal view, there were 108 total measures
54 comparing seated postures to standard supine and
54 comparing standing postures to standard supine.
Thirty-four of the 54 (63%) seated measures were sig-
nificantly different than the standard. In the standing
posture only 21 of the 54 (39%) were significantly
different. Table 1 lists the mean differences, standard
deviation and p-values for seated posture vs. standard
supine as well as standing postures vs. standard supine
for anterior disc height. Eight out of the 9 (89%) meas-
ures were significantly different from zero in the seated
posture vs. standard supine. The largest difference
across all lumbar levels was at L5/S1 in the seated
flexed posture where the standard supine was 3.16mm
larger than the seated flexed. In the standing postures,
7 out of the 9 (78%) measures were statistically signifi-
cantly different between the standard supine posture
and the standing postures. Similar to the seated pos-
ture, the largest differences were in the flexed postures

514 T. RUSTAGI ET AL.



at each lumbar level. The largest difference across all
levels was at L5/S1 in the standing flexed posture
where the supine posture was 2.52mm larger than the
standing posture measure.

Table 2 displays the mean differences, standard
deviation and p-values in middle disc height measure-
ments for seated posture vs. standard supine as well
as standing postures vs. standard supine. Table 2 indi-
cates that 5 out of 9 (56%) seated measures were stat-
istically significantly different from standard supine
posture measures. All three measures at L4/L5 were
significantly different however none of the measures
at L5/S1 were different. The largest different occurred
in the flexed posture with a different of 0.72mm again
the standard supine posture was larger than the
experimental posture. In the standing posture vs.
standard supine, only 2 of the 9 (22%) measures were

statistically significantly different. The largest differ-
ence was at L4/L5 standing flexed, where the differ-
ence nearly 1.0mm.

Table 3 documents the mean differences, standard
deviations and p-values for the posterior disc height
measures of the standard supine vs. seated posture
and standard supine vs. standing postures. In the
seated postures, Table 3 indicates that 4 out of the 9
(44%) measures were statistically significantly different
between postures. The largest differences occurred in
the neutral seated posture at L4/L5 and L5/S1 both
approximately �0.9mm. The negative difference indi-
cates that experimental posture disc height was larger
than the standard supine posture. Differences for
the standing postures indicated that only 2 of the 9
(22%) measures were statistically significantly different.
The largest difference was in the standing extended

Table 2. Mean differences between supine and experimental postures in sagittal view middle disc height measures.
Standard Supine vs. Seated Postures Standard Supine vs. Standing Postures

Lumbar
Level

Experiment
Postures

Mean
Difference (mm.)

Standard
Deviation P-Value

Mean
Difference (mm.)

Standard
Deviation P-Value

L3/L4 Neutral 0.4246 0.1347 0.0035� �0.1656 0.1630 0.3172
Flexed 0.3758 0.1836 0.0487� 0.1670 0.2711 0.5428
Extended 0.2515 0.1754 0.1619 0.0444 0.2044 0.8295

L4/L5 Neutral 0.6925 0.1661 0.0002� 0.5791 0.1889 0.0043�
Flexed 0.7247 0.1404 <0.0001� 0.9833 0.1695 <0.0001�
Extended 0.6273 0.1247 <0.0001� 0.4643 0.2578 0.0817

L5/S1 Neutral 0.3265 0.2240 0.1550 0.2212 0.1813 0.2313
Flexed 0.1462 0.1750 0.4097 0.3786 0.2013 0.0708
Extended 0.1218 0.1996 0.5465 �0.1510 0.1727 0.3892

Table 1. Mean differences between supine and experimental postures in sagittal view anterior disc height measures.
Standard Supine vs. Seated Postures Standard Supine vs. Standing Postures

Lumbar
Level

Experiment
Postures

Mean
Difference (mm.)

Standard
Deviation P-Value

Mean
Difference (mm.)

Standard
Deviation P-Value

L3/L4 Neutral 1.0004 0.2765 0.0010� �0.0454 0.2828 0.8735
Flexed 1.8984 0.2696 <0.0001� 1.1692 0.2990 0.0006�
Extended 0.3649 0.2409 0.1406 �0.1971 0.2938 0.5075

L4/L5 Neutral 2.2669 0.2587 <0.0001� 0.6727 0.2504 0.0112�
Flexed 2.4367 0.2608 <0.0001� 1.5484 0.3159 <0.0001�
Extended 1.3408 0.2313 <0.0001� 0.9077 0.2751 0.0026�

L5/S1 Neutral 2.6473 0.4349 <0.0001� 1.0770 0.3668 0.0061�
Flexed 3.1556 0.3903 <0.0001� 2.5199 0.3820 <0.0001�
Extended 2.6280 0.4301 <0.0001� 1.0898 0.4316 0.0173�

Table 3. Mean differences between supine and experimental posture in sagittal view posterior disc height measures.
Standard Supine vs. Seated Postures Standard Supine vs. Standing Postures

Lumbar
Level

Experiment
Postures

Mean
Difference (mm.)

Standard
Deviation P-Value

Mean
Difference (mm.)

Standard
Deviation P-Value

L3/L4 Neutral �0.3814 0.2695 0.1666 0.5311 0.2733 0.0608
Flexed �0.8692 0.3166 0.0097� �0.4415 0.4028 0.2823
Extended 0.4472 0.3006 0.1472 0.3500 0.2944 0.2438

L4/L5 Neutral �0.9093 0.2256 0.0003� 0.5584 0.2727 0.0494�
Flexed �0.6631 0.2416 0.0099� �0.2578 0.3117 0.4151
Extended �0.1367 0.2473 0.5847 0.6441 0.2385 0.0114�

L5/S1 Neutral �0.9100 0.2272 0.0004� 0.0053 0.2049 0.9796
Flexed �0.6264 0.3132 0.0541 �0.6234 0.3280 0.0681
Extended 0.1405 0.3020 0.6454 �0.0985 0.3020 0.7467

INTERNATIONAL JOURNAL OF NEUROSCIENCE 515



posture at L4/L5 at 0.24mm. The posterior disc height
measure had the fewest differences between the
standard supine and experimental postures and the
anterior disc height measures had the most amongst
the disc height measures.

Table 4 presents the mean differences, standard
deviation and p-values for thecal sac width measures in
the sagittal view. In the standard supine vs. seated pos-
tures only 3 of the 9 measures were statistically signifi-
cantly different. The three significant differences were
all in extended seated postures measures. In the stand-
ing postures, 9 out of 9 (100%) were statistically signifi-
cantly different. The largest difference was 1.65mm in
the standard supine vs. standing extended posture at
L5/S1. The average difference was approximately
1.00mm across all levels and standing postures.

The sagittal view, neural foraminal height mean dif-
ferences, standard deviation and p-values for standard
supine vs. seated postures and standard posture vs.
standing posture are illustrated in Table 5. The right
and left side standard vs. seated postures both show 7
out of 9 (78%) measures were statistically significantly

different from zero. The negative differences indicate
that the seated posture neural foraminal heights were
larger. The sitting flexed neural foraminal height was
1.05mm larger compared to the standard supine. The
sitting neutral neural foraminal height was 0.87mm
larger compared to standard supine. The standard
supine vs. standing posture only had 1 out of 9 (11%)
measures on the right side significantly different and
none on the left.

Table 6 lists the mean differences, standard devia-
tions, and p-values for the differences in standard vs.
seated neutral and standard vs. standing neutral in
the axial view. The standard supine vs. sitting neutral
had 9 measures and the standard supine vs. standing
neutral had 9 measures. Table 6 indicates that 8 out
of 9 standard supine vs. sitting neutral measures were
significantly different. The right and left neural fora-
minal length had the largest difference at L4/L5, which
was approximately 1.00mm larger in the experimental
sitting neutral posture than in the standard supine.
The average difference across all levels 0.70mm (0.23)
larger in sitting neutral compared to standard supine.

Table 4. Mean differences between supine and experimental postures in sagittal view thecal sac width measures.
Standard Supine vs. Seated Postures Standard Supine vs. Standing Postures

Lumbar
Level

Experiment
Postures

Mean
Difference (mm.)

Standard
Deviation P-Value

Mean
Difference (mm.)

Standard
Deviation P-Value

L3/L4 Neutral 0.3377 0.1815 0.0723 0.9005 0.2715 0.0024�
Flexed 0.1449 0.3379 0.6711 1.2227 0.3465 0.0021�
Extended 0.9500 0.2788 0.0019� 0.7694 0.2418 0.0038�

L4/L5 Neutral 0.3265 0.2209 0.1493 0.8530 0.2290 0.0007�
Flexed 0.1450 0.1952 0.4628 1.2263 0.2511 <.0001�
Extended 0.9681 0.1528 <.0001� 0.8590 0.2051 0.0002�

L5/S1 Neutral �0.1539 0.2828 0.5900 0.9558 0.2328 0.0002�
Flexed �0.0148 0.2797 0.9581 1.0299 0.2445 0.0002�
Extended 0.7759 0.2422 0.0032� 1.6588 0.2658 <.0001�

Table 5. Mean differences between supine and experimental postures in sagittal view neural foraminal height measures.
Standard Supine vs. Seated Postures Standard Supine vs. Standing Postures

Side
Lumbar
Level

Experiment
Posture

Mean
Difference (mm.)

Standard
Deviation P-Value

Mean
Difference (mm.)

Standard
Deviation P-Value

Right L3/L4 Neutral �0.9030 0.2598 0.0016� �0.0385 0.1960 0.8455
Flexed �1.1212 0.2646 0.0002� �0.4282 0.2575 0.1112
Extended �0.1930 0.1829 0.3019 0.2045 0.1564 0.2059

L4/L5 Neutral �0.8288 0.2207 0.0008� 0.0142 0.1901 0.9411
Flexed �1.1127 0.2842 0.0005� �0.1784 0.2364 0.4578
Extended �0.2232 0.1379 0.1176 �0.0151 0.1655 0.9280

L5/S1 Neutral �0.7983 0.1570 <.0001� �0.2991 0.1612 0.0737
Flexed �0.9414 0.1984 <.0001� �0.8879 0.2466 0.0015�
Extended �0.6610 0.1753 0.0008� 0.2925 0.1635 0.0881

Left L3/L4 Neutral �0.8401 0.2052 0.0003� 0.1024 0.1480 0.4951
Flexed �1.0905 0.2185 <.0001� �0.4504 0.2195 0.0522
Extended �0.1097 0.1804 0.5490 0.1101 0.2627 0.6791

L4/L5 Neutral �1.1905 0.2290 <.0001� 0.0236 0.1736 0.8927
Flexed �1.1929 0.2853 0.0003� �0.4000 0.3382 0.2496
Extended �0.4345 0.1865 0.0279� �0.1235 0.3049 0.6900

L5/S1 Neutral �0.6870 0.2796 0.0202� �0.0274 0.1913 0.8872
Flexed �0.8321 0.2790 0.0055� �0.2463 0.2710 0.3725
Extended �0.3239 0.2055 0.1266 0.2688 0.2259 0.2461
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Table 6 indicates that only 3 out of the 9 (33%) meas-
ures were significantly different between standard
supine and standing neutral. The disc width at L3/L4
was on average 0.83mm (.25) larger in the standing
neutral posture compared to the supine posture.

Discussion

In the current study, there were significant changes in
disc height depending on the region of the disc. The
anterior disc height had a greater number of signifi-
cant changes compared to the posterior or middle
sections of the disc. Karadimas et al. also measured
anterior, middle and posterior disc heights and simi-
larly found that the anterior disc height had the great-
est number of significant changes between standard
supine MRI and seated neutral posture [11]. The anter-
ior disc height in the current study comparing sitting
neutral to standard supine decreased 1.97mm a
standard deviation of 0.86. Karadimis et al. found dif-
ferences between supine and sitting neutral anterior
disc height difference for grade 2 degeneration was
1.32mm and for grade 4 degeneration the difference
was 1.43mm. In both, the current study and the study
by Karadimis et al the seated anterior disc height was
smaller than the standard supine [11]. The preliminary
study examining differences between raters indicated
that 94% of the measures were not significantly differ-
ent between the two raters.

The primary study results indicated 66 of the 126
(52%) spine measures were statistically significantly
different in the experimental posture compared to the
standard supine posture. This suggests that postures
requiring load bearing create differences in spine
structure measures that may influence the diagnosis.
In addition, there were differences among the neutral,
flexed and extended positions within the seated or
standing conditions, suggesting that the degree of
flexion alone may influence spine structure measures.

In the current study the anterior standing disc
height was 1.74mm smaller in the standing posture

compared to the supine across all lumbar levels. Lee
et al. also examined differences in the disc height
comparing standard supine to upright standing [12].
Lee et al. found that anterior disc height increased by
1.00mm to 2.00mm depending on vertebral level but
that posterior disc height decreased by approximately
on 1.00mm again depending on vertebral level when
moving from standard supine to upright posture [12].
In the current study standing neutral results showed
no difference or up to 1.00mm decrease in anterior
disc compared to the standard supine posture. The
posterior disc height in standing neutral compared to
supine either did not significantly change or
decreased by approximately 0.50mm. It is theorized
that the difference between the two studies is due to
the degree of flexion or lordosis in the spine at the
neutral posture. The current study provides some
insight into the differences that may be attributed to
spine sagittal flexion and extension. Within one disc
level, spine sagittal flexion and extension changed the
difference from standard supine by up to 1.5mm.
Thus, the supine sagittal lordosis could explain the dif-
ference in findings between the two studies.
Furthermore, in order to enhance traditional recum-
bent MRI, it may be beneficial to have an additional
scan with a standardized 15 degree lordotic cushion
under the patient at lumbar spine. This would allow
for comparison between the standardized posture and
the patient’s natural supine posture. It is theorized
that the difference in these two postures may be
enough to enhance clinical decision making.

The neural foraminal height measure in the current
study found the sitting flexed postured had the most
number of significant difference. This was an expected
outcome of the study however we were able to put
an objective aspect to this. Irrespective of the level,
the average neural foraminal height was 1.05mm
(0.13) larger in the sitting flexed posture compared to
the standard supine regardless of level or side. The
average neural foraminal height was 0.87mm (0.17)
larger in sitting neutral compared to standard supine

Table 6. Mean difference between supine and experimental postures in axial view measures.
Standard Supine vs. Sitting Neutral Standard Supine vs. Standing Neutral

Measures
Lumbar
Level

Mean
Difference (mm.)

Standard
Deviation P-Value

Mean
Difference (mm.)

Standard
Deviation P-Value

Disc Width L3/L4 �0.0054 0.3714 0.9885 �0.8357 0.2596 0.0045�
Right Neural Foraminal Height �0.7326 0.2466 0.0068� 0.0967 0.1634 0.5615
Left Neural Foraminal Height �0.5246 0.1520 0.0023� 0.3107 0.1369 0.0357�
Disc Width L4/L5 �0.7463 0.3436 0.0400� �0.5197 0.3378 0.1396
Right Neural Foraminal Height �0.9964 0.2694 0.0016� �0.1742 0.2158 0.4340
Left Neural Foraminal Height �0.9296 0.2661 0.0026� 0.0879 0.2776 0.7565
Disc Width L5/S1 �1.0487 0.2401 0.0002� �0.6706 0.2161 0.0059�
Right Neural Foraminal Height �0.5952 0.2242 0.0156� �0.3647 0.2020 0.0888
Left Neural Foraminal Height �0.4189 0.1647 0.0199� �0.3525 0.1816 0.0690
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across all levels on both right and left sides. In the
axial view the neural foraminal dimension was on
average 0.70mm (0.23) larger in the neural sitting pos-
ture compared to the standard supine posture. The
similarity between the sagittal view difference of 0.87
(.17) and axial view difference of 0.70 (0.23) provides
credence to the differences. For the standing postures,
in the sagittal view and axial view, there was only one
neural foraminal height measure that was significantly
difference from the supine measures. Biomechanically,
the differences found between standard supine and
sitting neutral suggests that the sitting neutral has
more flexion opening up the neural foramen than
compared to the standard supine neutral. Alyas et al.
indicated that upright flexion posture reduced the
severity of foraminal stenosis [13]. The findings of the
current study suggest that it is more flexion than sit-
ting vs. standing that result in the reduction of fora-
minal stenosis. Nowicki et al. found that a flexion load
moment resolved 41% of stenosis cases [14].
Weishaupt et al. found that compromise of the nerve
root increased from 10 to 13 patients in seated exten-
sion and decreased from 10 to 8 with seated flexion
position [15]. Thus, it would appear that several
researchers have shown trends in the same direction
as those found in the current study.

The neural foramen not only allows exit for the
nerve root but also used as a corridor for surgical
access during surgeries. Percutaneous transforaminal
surgeries in the lumbar spine has come a big way in
management of degenerative spine conditions.
However, passage of instruments through the foramen
was associated with post-operative disthesia [16].
Formainoplasty, or widening of the neural foramen by
drilling away the ventral portion of the superior articu-
lar process was adopted as an alternative to decom-
press the neural foramen and gain access to the
anterior epidural space, is a routinely done surgery to
enlarge the size of the foramen to decompress the
nerve root 17. Studies have shown enlargement by 1.5
times [17,18]. Inadequate decompression of the for-
amen has been described as a risk factor for recur-
rence [18,19]. Studies have been done based on CT
measurements to assess the size of the foramen, how-
ever none of the studies is based on dynamic imaging
or loading image. Accurate assessment of change in
the foramen dimension in clinically symptomatic
standing or extended position may become useful in
proper selection and performance of endoscopic sur-
gery in future. Our study may be useful and show a
way in amalgamation with the CT data to determine
more accurate assessment of need for foraminoplasty.

Another clinical implication is with the use of inter-
spinous spacers (ISS). The concept behind the use of
ISS is to avoid pathological movement of the segment
and avoid the complications of fusion [19]. ISS have
been used for a variety of indications including, stabi-
lizing of mild instability, facet unloading, improving
sagittal profile, decompression of neural foramen,
improving disc load [20,21]. These devises have been
known to be useful in cases of mild to moderate lum-
bar stenosis

ISS results in expansion of the spinal canal between
18% and 23%, with differences between the standing
and seated neutral position at 23 and 21%, respectively
[21–23]. The foraminal area and width also increases by
average 25% and 40% respectively [21,24].

Numerous studies on ISS have shown higher per-
centage of revision surgeries and higher complications
and associated cost effectiveness compared to decom-
pression. This is perhaps due to inadequate device
related decompression of the neural elements [25–27].
Other reason could be inaccurate measurement of the
role of ligamentum flavum buckling in central canal
stenosis. Ligamentum flavum in a normal individual in
pretensioned in length to 15% and does not buckle
into the spinal canal in site of 10% reduction in length
in extended position [28]. Schmid et al found that the
thickness of ligamentum flavum expands to close to
three time in full extended position [29]. CT based
measurements may not be very accurate in this regard
since they do not take into account the buckling of
ligamentum flavum. Since, patient selection is key to
success if ISS, it may be worth looking at the changes
in the thecal sac and foraminal dimension based on
dynamic MRI imaging to assess their candidacy for
interspinous devices.

For example, in case of planned interspinous devise,
it may be worth doing an MRI in standing extended
position to have an accurate assessment of degree of
thecal sac and foraminal compromise or perhaps the
difference in the thecal sac dimension between the
standing flexed and extended position may have an
implication as to which cohort of patients will benefit
the most [30]. We found that the thecal sac dimensions
reduced on an average by 1mm across all levels from
supine to standing extended position

The positional MRI may show findings that will cor-
relate to the patient’s symptoms and lead to an
appropriate diagnosis. Since not everyone has an
open MRI available a good rule of thumb may be that
the left and right neural foraminal height increases by
an average of 1.00mm when sitting flexed forward.
This may be enough change in the neural foraminal
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height to intermittently influence symptoms. Another
rule of thumb may be that when the patient flexes
forward the anterior disc height collapses by an aver-
age of 2.50mm and that sitting in neural the anterior
disc height collapses 2.00mm. Tarantino et al. sug-
gested that a supine MRIs may be unable to answer
some clinical questions and that upright MRI may be
able to answer some of the questions [31]. Our
research supports the idea that upright postures result
in differences in spine structure measures. Furthermore,
it is hypothesized that some of these changes in spine
structure measures may be enough to influence clinical
decision making.

There are several limitations of this study. We did not
calculate the intra-observer reliability for the readings.
We did not precisely define flexion/extension position at
the time of the MRI. We used cushions and support bars
for the subjects to maximally bend as per their toler-
ance. Although, we attempted to have a visual guide to
make their reading consistent, discrepancies in the mag-
nitude of position could have altered the results.
Although, all the participating subjects had history of
back related symptoms, we did not correlate the clinical
findings (back pain or radiculopathy and/or neurodeficit)
with the MRI data. The ideology behind taking back
pain patients was to see the differences in the MRI data
with experimental positions in subjects with back pain
and thus a degenerated spine. The main reason was the
relative small number of subjects would have been allo-
cated to various clinical subgroups possible. The image
quality was not very good since it was a 0.6 Tesla MRI
image, however we feel our study can form a base for
future large clinical- radiological study.

Conclusion

The primary study results indicated that there were
statistically significant differences in spine measure-
ments between standard supine posture and experi-
mental upright postures. Specifically, the neural
foraminal height was approximately 1.00mm larger in
the sitting flexed posture compared to standard
supine position. The anterior disc height collapsed by
2.00 to 2.50mm in the seated posture compared to
standard supine. Positional MR imaging provides add-
itional information unavailable on normal supine MR
imaging of the spine and can be used to noninva-
sively demonstrate the pathological level.
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