
Original Article
Diagnostic Importance of Axial Loaded Magnetic Resonance Imaging in Patients with

Suspected Lumbar Spinal Canal Stenosis
Hadi Sasani1, Bilgehan Solmaz2, Mehdi Sasani3, Metin Vural4, Ali Fahir Ozer3
-OBJECTIVE AND BACKGROUND: To study the efficacy
of lumbar (AL) magnetic resonance imaging (MRI) in
patients with suspected lumbar spinal stenosis (LSS),
with and without AL compression. Supine MRI is used in
the assessment of patients with LSS. However, MRI
findings may poorly correlate with neurologic findings
because of the morphologic changes of the lumbar
spinal canal between upright standing and supine po-
sitions. In patients without significant stenosis in
routine lumbar MRI, by applying AL, MRI can show
significant LSS.

-METHODS: This study included 103 consecutive patients
(188 disc levels) who presented with neurogenic claudi-
cation with and without low back pain. AL was performed
using a nonmagnetic compression device for 5 minutes. T1-
and T2-weighted axial and sagittal sequences were ob-
tained during AL applied to the spine. The dural sac cross-
sectional area (DSCA) appeared to be narrow at each disc
level of L4e5 to L5eS1 in all patients and was measured
using T2-weighted images in routine supine and AL
images.

-RESULTS: The groups included patients with a reduc-
tion in the DSCA (>15 mm2) according to patient age and
DSCA in routine spine MRI. The mean DSCA of the disc
levels without and with AL were 138 mm2 and 123 mm2,
with a mean difference of 15 mm2 at L4e5, 134 mm2 and
125 mm2 and a mean difference of 9 mm2 at L5eS1,
respectively.

-CONCLUSIONS: The use of AL MRI in patients with
clinically suspected LSS could reduce the risk of
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misdiagnosis of stenosis, leading to inappropriate
treatment.
INTRODUCTION
upine magnetic resonance imaging (MRI) is routinely used
to evaluate patients with degenerative lumbar spinal ste-
Snosis (DLSS). However, MRI findings sometimes correlate

poorly with neurologic findings or patients’ symptoms. The
assessment of patients suspected of having DLSS may be Conse-
quently, patients fall into a gray zone in which the most appro-
priate treatment is not obvious.1 Basically, the treatment should be
started with a conservative approach, preferably with a multimodal
approach. Severe pain with extensive neurogenic claudication
symptoms and unsuccessful conservative treatment should be
treated surgically.
In spinal canal stenosis after surgery, removal of a facet joint

and laminectomy may create iatrogenic instability. Lumbar
dynamic or rigid lumbar instrumentation in many cases may be
available.2-4 There are no differences in the results in patients
who have undergone decompression alone or fusion surgery;
on the other hand, ameta-analaysis has advocated fusion
surgery.5,6

Commonly in clinical practice, conservative treatments
include long physical therapy, home exercise, analgesic
drugs, or pain management. Many surgical modalities to treat
lumbar spinal canal stenosis are described in the literature,
such as total laminectomy, unilateral hemilaminectomy and
unilateral root nerve decompression, facetectomy, and sta-
bility accomplished by dynamic or rigid lumbar fixation
systems.7,8
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Table 1. Numbers of Patients with DSCA Reductions >15 mm2 During Axial Loading According to Age Groups

Age Groups/Years L4e5 Level, n (%) L4e5 >15 mm2, n (%) L5eS1 Level, n (%) L5eS1 >15 mm2, n (%)

Group 1 (21e30) 17 (17) 3 (18) 16 (18) 1 (6)

Group 2 (31e40) 31 (31) 12 (38) 27 (31) 8 (29)

Group 3 (41e50) 19 (19) 10 (52) 18 (20) 4 (2)

Group 4 (>50) 33 (33) 16 (48) 27 (31) 8 (29)

Total 100 41 88 21
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Surgical treatment of spinal stenosis is optional and is intended
to improve symptoms and function rather than prevent neurologic
complications. Urgent surgery is required when a patient presents
with neurologic deficits such as progressive muscle weakness and
bladder dysfunction.2,8 In some patients, lumbar MRI findings do
not correlate with patients’ clinical symptoms. To prevent a
catastrophic outcome after treatment, this patient group needs
accurate diagnosis after treatment. For this reason, axial-loaded
(AL) lumbar MRI with the patient in a supine position can
improve diagnostic accuracy. The use of an axial compression
device to apply the AL to the lumbar spine, morphologic changes
of the spinal canal in the standing position can be simulated
during MRI examination.9,10

We propose that lumbar MRI with AL can show significant
lumbar spinal stenosis in patients with neurogenic claudication
who have not significant stenosis in MRI without AL.Thus, we
evaluated the effectiveness of MRI with AL in suspected lumbar
spinal stenosis patients.
MATERIALS AND METHODS

This study included 103 consecutive patients who presented
with only neurogenic claudication and/or without low back
pain. Patients who presented with radiating leg pain and/or
only low back pain without neurogenic claudication were
excluded from the study groups. There were 43 men and 60
women, ranging in age from 21 to 75 years (mean age, 44
years). Patients were examined in 4 subgroups according to
their ages (Table 1).
Table 2. Mean DSCA of the Disc Levels without and with Axial Load

Group
Without Axial Loading L4e5 Level

DSCA (mm2)
With Axial Loading L4e5 Le

DSCA (mm2)

Control 1 159.2 155.5

Control 2 160.1 159.2

Control 3 158.3 156.8

Mean 159.2 157

Mean
difference 159.2e157 ¼ 2.2

DSCA, dural sac cross-sectional area.
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A control group for all the age groups was not formed. How-
ever, we examined 3 asymptomatic patients (with no neurogenic
claudication) with and without AL (Table 2).
MRI was performed on a 1.5-Tesla system (Gyroscan Intera,

Philips Medical Systems, Best, and Holland) using a spine array
coil. All patients were first examined by routine lumbar MR
imaging in the supine psoas-relaxed position with slight flexion
in the hips and knees. In this position, T1- and T2-weighted
axial and sagittal plans of the same sequences were per-
formed during AL applied to the spine. All patients were
examined with and without AL MRI at the L4e5 and L5eS1
levels (Figure 1). The AL was applied for 5 minutes, which was
easily tolerated by the patients, with no need for additional
analgesics.
The AL procedure was performed with a nonmagnetic

compression device (DynaWell L-spine; DynaWell Int. AB,
Billdal, Sweden) including a specific patient vest, straps, cords,
a footplate, and a compression mechanism (Figure 2). The
patient wore the vest over the shoulders and upper chest in
supine position with extended hips and knees. The feet were
placed against the footplate of the compression device. The
straps on the vest were tightened. Two adjustable cords on
the opposite side of the vest were attached to the
compression device. Axial compression was applied to the
spine by tightening the cords.
The force of compression was adjusted by the compression

device and was measured by the sensors in the footplate. The
chosen load was 50% of the patient’s body weight, which was
distributed equally to both legs.
ing in Healthy Individuals of the Control Group

vel Without Axial Loading L5eS1
Level DSCA (mm2)

With Axial Loading L5eS1 Level
DSCA (mm2)

128.1 124.0

130.3 129.1

129.2 127.2

129.2 126.7

129.2e1267.7 ¼ 2.5
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Figure 1. Axial and sagittal lumbar magnetic resonance images without and with axial loading.
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Slices at the same level were used to measure the axial T2-
weighted images of the routine supine and AL MRI. The
selected image was the image in which the dural sac cross-
sectional area (DSCA) appeared to be the smallest at each disc
level of L4e5 to L5eS1. All measurements of the DSCA were
performed by T2-weighted axial imaging in routine supine and AL
MRI. The OsiriX imaging software (version 6.0.2; Bernex,
Switzerland) was used to measure the DSCA with and without the
AL MRI images. Relative stenosis was accepted as a DSCA of <100
mm2 and absolute stenosis as DSCA of <75 mm2 (Figures 3
and 4). The DSCA was assumed to be significantly reduced if it
decreased by >15 mm SQ during AL.

RESULTS

A total of 188 disc levels of were assessed from 103 patients. The
distribution of the total 188 disc levels of L4eL5, L4eL5/L5eS1, and
L5eS1. The sampling numbers of disc levels were selected randomly
and close to each other with minimum standard deviation. The
WORLD NEUROSURGERY 127: e69-e75, JULY 2019
number of patients with a reduction in DSCA of >15 mm2 (during
loading) are shown in Table 2 and for each age group in Table 3.
Load-induced reductions in DSCA of >15 mm2 were more

common in older age groups (Table 3).
In evaluation of the DSCA, a significant decrease in the DSCA

between routine supine and axial-loaded MRI was most commonly
observed at the L4e5 levels (Table 4).
In the L4e5 levels, relative stenosis of the spinal canal was

observed in 12 levels without AL and was observed in an additional
5 levels with AL. Absolute stenosis was identified in 7 levels
without the AL and in an additional 1 level with AL.

In the L5eS1 level, relative stenosis of the spinal canal was
observed in 16 levels without AL and in an additional 8 levels
with AL. Absolute stenosis was identified in 6 levels without
AL and in no other levels with the load. The mean DSCAs of
the disc levels without and with AL were 138 mm2 and 123
mm2 at L4e5 and 134 mm2 and 125 mm2 at L5eS1, respec-
tively (Table 4).
www.journals.elsevier.com/world-neurosurgery e71
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Figure 2. Establishment of nonmagnetic compression
device DynaWell L-spine (DynaWell Int. AB, Billdal,
Sweden) with magnetic resonance imaging performed

on a 1.5-Tesla system (Philips Gyroscan) using a spine
array coil.

Figure 3. Measurement of dural sac cross-sectional area (DSCA) in an
axial magnetic resonance imaging scan.
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In the control group, 6 disc levels were demonstrated. Mea-
surement of the DSCA with and without AL showed very limited
changes in the DSCA with AL. The mean decrease in the DSCA
was 2.2 m2 (range, 1.2e4 m2). (Table 2).

DISCUSSION
A decreased disc height with AL is also observed in the lumbar
spine of healthy individuals.11 However, these dynamic changes
are restricted in healthy individuals. It is expected that the
decrease in the DSCA will be limited. In our control group,
there were very limited changes in the DSCA with AL and the
results were consistent with those observed in the literature in
healthy individuals. Our results showed that the significant
reduction in the DSCA by AL was more prominent in the
smaller cross-sectional area.
Biomechanic studies in the literature have shown no impinging

of the spinal roots in the foramina after AL until recently.12

However, we propose that this finding does not explain why
patients do not have foraminal stenosis and how this can be
addressed during surgical decompression. Similar to previous
studies in the literature, only DSCA changes with AL were
considered in this study. It is suggested that measuring changes
in the foraminal diameter can be used in effective
decompression surgery to treat foraminal stenosis with spine
canal stenosis.
UROSURGERY, https://doi.org/10.1016/j.wneu.2019.02.091
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Figure 4. Representative axial magnetic resonance images in patients with neurogenic claudication (pain) without and
with axial loading.
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Aging and degeneration are factors that affect the reduction in
DSCA. If destructive changes are not balanced by regeneration,
then degeneration can occur in younger tissues.13 Nevertheless,
the incidence of disc degeneration and disc protrusion increases
with age; therefore, a significant reduction in the DSCA can be
WORLD NEUROSURGERY 127: e69-e75, JULY 2019
explained by reaching 30 years of age. Therefore, aging plays a
major role in spine degeneration.
Although the study by Willen et al.9 is similar to our study,

those authors did not evaluage DSCA according to age groups.
Owiing to increasing age, spinal canal stenosis increases.
www.journals.elsevier.com/world-neurosurgery e73
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Table 3. Numbers of Patients with DSCA Reductions >15 mm2 During Axial Loading According to DSCA in Routine Spine MRI

DSCA (mm2) L4e5 Level, n
With Axial Loading

L4e5 DSCA >15 mm2, n (%) L5eS1 Level, n
With Axial Loading

L5eS1 DSCA >15 mm2, n (%)

Group 1 (<75) 7 1 (14) 6 0 (0)

Group 2 (75e00) 12 5 (42) 16 8 (50)

Group 3 (101e130) 29 10 (34) 17 5 (29)

Group 4 (>130) 52 25 (48) 49 8 (16)

Total 100 41 88 21

DSCA, dural sac cross-sectional area; MRI, magnetic resonance imaging.
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Therefore, in the patients in increasing age groups, there is
more need for AL, and we think that the age factor is an
indication for AL.
In similar studies, CT and MRI are used as criteria. The

sensitivity and specificity of CT and MRI are different.9,10,14,15

However, in our study, the use of MRI increased the speci-
ficity of the study; Also 103 patients were studied as
multilevel.
Madson et al.16 investigated the effect of body position and AL

of the lumbar spine along with disc height, lumbar lordosis, and
DSCA. They concluded that extension of the lumbar spine was the
dominant cause, rather than compression, in reducing DSCA.
Furthermore, the AL was not considered to have a clinically
relevant effect on the spinal canal diameter. In the current
study, lumbar MRI with AL was performed in an asymptomatic
patient (no neurogenic claudication). No changes were found in
the DSCA without and with AL.
Radiologic measurement of the DSCA was performed to

evaluate the narrowing of the spinal canal using axial MR im-
ages.9,17 However, many previous studies have shown that there
is a poor correlation between the DSCA measured and the
severity of clinical symptoms.18-20 These findings result from the
use of conventional MRI, which cannot determine the actual
condition of the lumbar spinal canal, causing symptoms in pa-
tients in the standing position. To evaluate the positional
changes of the lumbar spinal canal, myelography in the standing
position has frequently been used. Myelography has become
relatively obsolete for routine standard imaging, although it has
played an important role in making treatment decisions for
lumbar spinal stenosis. In the study by Kanno et al.,21 the
Table 4. Mean DSCA of Disc Levels with and without Axial
Loading in Spinal Canal Stenosis Patients with Only Neurogenic
Claudication with and without Low Back Pain

Spinal Canal Stenosis L4e5 (n [ 100) L5eS1 (n [ 88)

Mean DSCA in routine MRI 138 mm2 134 mm2

Mean DSCA in axial loading MRI 123 mm2 125 mm2

Mean difference 15 mm2 9 mm2

DSCA, dural sac cross-sectional area; MRI, magnetic resonance imaging.

e74 www.SCIENCEDIRECT.com WORLD NE
significant correlations between AL MRI and standing position
myelography was shown.
Several studies have reported the use of stress-loading imag-

ing technologies, particularly for spine imaging.22-24 The stan-
dard clinical MRI scanners containhould remain motionless
during the scanning, depending on the examination time. This
may present a problem, especially for those with claustrophobia
or anxiety. Technically, these images have high resolution and
shorter acquisition time because of the highest magnetic field
strength (at least 1.0e3.0 Tesla). On the other hand,
upright-standing or positional MRI, which is a type of open MRI
system, has been developed in recent years. Upright MRI pro-
vides imaging under physiologic stress and more flexibility in
patient positioning, and that is beneficial for those with claus-
trophobia. However, it has low magnetic field strengths
(maximum field strength of 0.6 Tesla), and that is associated
with lower image quality and more time requirement to obtain
images.25 Moreover, slower image acquisition with upright MRI
may cause difficulty for patients unable to remain longer in a
standing or sitting position. The main advantages of upright
MRI include the ability to scan the selected area (spine or
joints) in different positions and evaluate the effects of
dynamic movements.25

In our study, 62 disc levels (32.9%) showed significant changes
in the DSCA with AL (>15 mm2), most frequently at L4eL5 (n¼
41). This rate was consistent with those of previous studies
reporting additional valuable information for symptomatic pa-
tients.26,27 In addition, patients with a >15 mm2 change in the
DSCA on AL MRI had more severe symptoms compared with the
patients with changes of spinal canal stenosis <15 mm2.28 The
main purpose of our study was to determine whether AL supine
MRI could reveal significant lumbar spinal stenosis in
symptomatic patients without significant stenosis on routine
lumbar spine MRI. Consequently, 21 disc levels (11.1%) showed
additional relative or absolute lumbar spinal stenosis with AL in
our study.
One limitation of this study is that supine MRI with AL was

performed to simulate the upright position. Nevertheless, it
may not truly reflect postural spinal changes. Upright posi-
tional MRI systems may enable more accurate assessment and
measurement of postural spinal changes for the demonstration
of spinal stenosis,25,29 but these systems are not commonly
used.
UROSURGERY, https://doi.org/10.1016/j.wneu.2019.02.091

www.sciencedirect.com/science/journal/18788750
https://doi.org/10.1016/j.wneu.2019.02.091


ORIGINAL ARTICLE

HADI SASANI ET AL. AXIAL LOADED MRI IN SUSPECTED LUMBAR SPINAL CANAL STENOSIS
REFERENCES
resonance imaging. S
2596-2600.
1. Mariconda M, Fava R, Gatto A, Longo C,
Milano C. Unilateral laminectomy for bilateral
decompression of lumbar spinal stenosis: a pro-
spective comparative study with conservatively
treated patients. J Spinal Disord Tech. 2002;15:39-46.

2. Comer CM, Redmond AC, Bird HA,
Conaghan PG. Assessment and management of
neurogenic claudication associated with lumbar
spinal stenosis in a UK primary care musculo-
skeletal service: a survey of current practice
among physiotherapists. BMC Musculoskelet Disord.
2009;10:121.

3. Ozer AF, Oktenoglu T, Egemen E, et al. Lumbar
single-level dynamic stabilization with semi-rigid
and full dynamic systems: a retrospective clinical
and radiological analysis of 71 patients. Clin Orthop
Surg. 2017;9:310-316.

4. Ricart O, Serwier JM. Dynamic stabilisation and
compression without fusion using Dynesys for the
treatment of degenerative lumbar spondylolis-
thesis: a prospective series of 25 cases. Rev Chir
Orthop Reparatrice Appar Mot. 2008;94:619-627.

5. Försth P, Ólafsson G, Carlsson T, et al. Controlled
trial of fusion surgery for lumbar spinal stenosis.
N Engl J Med. 2016;374:1413-1423.

6. Yavin D, Casha S, Wiebe S, et al. Lumbar fusion
for degenerative disease: a systematic review and
meta-analysis. Neurosurgery. 2017;80:701-715.

7. Genevay S, Atlas SJ. Lumbar spinal stenosis. Best
Pract Res Clin Rheumatol. 2010;24:253-265.

8. Gardner A, Gardner E, Morley T. Cauda equina
syndrome: a review of the current clinical and
medico-legal position. Eur Spine J. 2011;20:
690-697.

9. Willen J, Danielson B. The diagnostic effect from
axial loading of the lumbar spine during
computed tomography and magnetic resonance
imaging in patients with degenerative disorders.
Spine. 2001;26:2607-2614.

10. Wang YC, Jeng CM, Wu CY, et al. Dynamic effects
of axial loading on the lumbar spine during
magnetic resonance imaging in patients with
suspected spinal stenosis. J Formos Med Assoc. 2008;
107:334-339.

11. Kimura S, Steinbach GC, Watenpaugh DE,
Hargens AR. Lumbar spine disc height and cur-
vature responses to an axial load generated by a
compression device compatible with magnetic
WORLD NEUROSURGERY 127: e69-e75,
pine (Phila Pa 1976). 2001;26:

12. Nowicki BH, Yu S, Reinartz J, Pintar F,
Yoganandan N, Haughton VM. Effect of axial
loading on neural foramina and nerve roots in the
lumbar spine. Radiology. 1990;176:433-437.

13. Grieve GP. Common vertebral joint problems. Edin-
burgh: Churchill Livingstone; 1981.

14. Wassenaar M, van Rijn RM, van Tulder MW, et al.
Magnetic resonance imaging for diagnosing
lumbar spinal pathology in adult patients with low
back pain or sciatica: a diagnostic systematic re-
view. Eur Spine J. 2011;21:220-227.

15. Euna SS, Leeb HY, Leeb SH, Kima KH, Liuc WC.
MRI versus CT for the diagnosis of lumbar spinal
stenosis. J Neuroradiol. 2012;39:104-109.

16. Madsen R, Jensen TS, Pope M, Sørensen JS,
Bendix T. The effect of body position and axial
load on spinal canal morphology: an MRI study of
central spinal stenosis. Spine (Phila Pa 1976). 2008;
33:61-77.

17. Hamanishi C, Matukura N, Fujita M, Tomihara M,
Tanaka S. Cross-sectional area of the stenotic
lumbar dural tube measured from the transverse
views of magnetic resonance imaging. J Spinal
Disord. 1994;7:388-393.

18. Sirvanci M, Bhatia M, Ganiyusufoglu KA, et al.
Degenerative lumbar spinal stenosis: correlation
with Oswestry Disability Index and MR imaging.
Eur Spine J. 2008;17:679-685.

19. Moon ES, Kim HS, Park JO, et al. Comparison of
the predictive value of myelography, computed
tomography and MRI on the treadmill test in
lumbar spinal stenosis. Yonsei Med J. 2005;46:
806-811.

20. Zeifang F, Schiltenwolf M, Abel R, Moradi B. Gait
analysis does not correlate with clinical and MR
imaging parameters in patients with symptomatic
lumbar spinal stenosis. BMC Musculoskelet Disord.
2008;9:89.

21. Kanno H, Endo T, Ozawa H, et al. Axial loading
during magnetic resonance imaging in patients
with lumbar spinal canal stenosis: does it repro-
duce the positional change of the dural sac
detected by upright myelography? Spine (Phila Pa
1976). 2012;37:985-992.

22. Riel KA, Reinisch M, Kersting-Sommerhoff B,
Hof N, Merl T. 0.2-Tesla magnetic resonance
imaging of internal lesions of the knee joint: a
JULY 2019 www.journals.el
prospective arthroscopically controlled clinical
study. Knee Surg Sports Traumatol Arthrosc. 1999;7:
37-41.

23. Pfahler M, Jessel C, Steinborn M, Refior HJ.
Magnetic resonance imaging in lateral epi-
condylitis of the elbow. Arch Orthop Trauma Surg.
1998;118:121-125.

24. Masciocchi C, Maffey MV, Mastri F. Overload
syndromes of the peritalar region. Eur J Radiol.
1997;26:46-53.

25. Skelly AC, Moore E, Dettori JR. Comprehensive
evidence-based health technology assessment:
Effectiveness of upright MRI for evaluation of
patients with suspected spinal or extra-spinal joint
dysfunction. Washington State Health Care Authority.
May 11, 2007. Available at: http://www.hta.hca.wa.
gov/documents/uMRI_final_report.pdf, accessed
21 April 2019.

26. Danielson BI, Willen J, Gaulitz A, Niklason T,
Hansson TH. Axial loading of the spine during CT
and MR in patients with suspected lumbar spinal
stenosis. Acta Radiol. 1998;39:604-611.

27. Danielson BI, Willen J. Axially loaded magnetic
resonance image of the lumbar spine during
computed tomography and magnetic resonance
imaging in patients with degenerative disorders.
Spine. 2001;26:2601-2606.

28. Kanno H, Ozawa H, Koizumi Y, et al. Dynamic
change of dural sac cross- sectional area in axial
loaded MRI correlates with the severity of clinical
symptoms in patients with lumbar spinal canal
stenosis. Spine (Phila Pa 1976). 2012;37:207-213.

29. Alyas F, Connell D, Saifuddin A. Upright posi-
tional MRI of the lumbar spine. J Clin Radiol. 2008;
63:1035-1048.

Conflict of interest statement: The authors declare that the
article content was composed in the absence of any
commercial or financial relationships that could be construed
as a potential conflict of interest.

Received 5 December 2018; accepted 9 February 2019

Citation: World Neurosurg. (2019) 127:e69-e75.
https://doi.org/10.1016/j.wneu.2019.02.091

Journal homepage: www.journals.elsevier.com/world-
neurosurgery

Available online: www.sciencedirect.com

1878-8750/$ - see front matter ª 2019 Elsevier Inc. All
rights reserved.
sevier.com/world-neurosurgery e75

http://refhub.elsevier.com/S1878-8750(19)30502-9/sref1
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref1
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref1
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref1
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref1
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref2
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref2
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref2
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref2
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref2
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref2
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref2
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref3
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref3
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref3
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref3
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref3
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref4
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref4
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref4
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref4
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref4
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref5
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref5
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref5
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref6
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref6
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref6
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref7
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref7
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref8
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref8
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref8
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref8
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref9
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref9
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref9
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref9
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref9
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref10
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref10
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref10
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref10
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref10
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref11
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref11
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref11
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref11
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref11
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref11
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref12
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref12
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref12
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref12
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref13
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref13
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref14
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref14
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref14
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref14
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref14
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref15
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref15
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref15
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref16
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref16
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref16
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref16
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref16
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref17
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref17
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref17
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref17
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref17
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref18
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref18
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref18
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref18
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref19
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref19
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref19
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref19
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref19
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref20
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref20
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref20
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref20
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref20
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref21
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref21
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref21
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref21
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref21
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref21
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref22
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref22
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref22
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref22
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref22
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref22
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref23
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref23
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref23
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref23
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref24
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref24
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref24
http://www.hta.hca.wa.gov/documents/uMRI_final_report.pdf
http://www.hta.hca.wa.gov/documents/uMRI_final_report.pdf
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref27
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref27
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref27
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref27
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref28
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref28
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref28
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref28
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref28
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref29
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref29
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref29
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref29
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref29
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref30
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref30
http://refhub.elsevier.com/S1878-8750(19)30502-9/sref30
https://doi.org/10.1016/j.wneu.2019.02.091
www.journals.elsevier.com/world-neurosurgery
www.journals.elsevier.com/world-neurosurgery
www.sciencedirect.com/science/journal/18788750
www.journals.elsevier.com/world-neurosurgery

	Diagnostic Importance of Axial Loaded Magnetic Resonance Imaging in Patients with Suspected Lumbar Spinal Canal Stenosis
	Introduction
	Materials and Methods
	Results
	Discussion
	References


