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Abstract

M

Degenerative lumbosacral stenosis has been suspected to have a dynamic component, especially
regardingScroachment of the L7 nerve roots exiting the lumbosacral foramina. Angled cross-

sectional imaging of the neuroforamina has been found improve the accuracy of the diagnosis of

stenosis it s. In this anatomic study, foraminal apertures were evaluated by magnetic

resonance 1 g (MRI) at the entry, middle and exit zones of the nerve roots in 30 dogs that
were clinigally affected by lumbosacral disease. Standard versus oblique planar orientation and
neutral perextended positioning of the lumbosacral area were compared by
measurl edian values for entry, middle and exit zones. The neuroforaminal area

acquired mique plane acquisition was significantly smaller than standard parasagittal

measure urthermore, standard parasagittal neuroforaminal dimensions in the
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hyperextended position were significantly smaller than standard parasagittal measurements in
the neutral position. This statistical difference was even more pronounced for neuroforaminal
dimensWed in the oblique plane and hyperextended position. Positioning of the dog

during imagi as a significant effect on neuroforaminal dimension, corroborating the notion

that spinalig may influence neural claudication in clinically affected patients. Reductions
in neurﬂfonimension are more evident on oblique planar image acquisition, suggesting
that this asroach may be more useful than parasagittal imaging as a tool for identifying subtle

changes in Lg nguroforaminal dimensions in cases of canine lumbosacral stenosis.

Introducti

S

Lumbosacral disdase in dogs is characterized by pain, lameness, reluctance to exercise and in

ul

case of co on of the cauda equina or L7 nerve roots exiting the lumbosacral foramina, by

neurologi¢@l impairment.! One major cause of lumbosacral disease or cauda equina syndrome is

N

degenerat osacral stenosis (DLSS).23 Clinical symptoms of dogs suffering from

lumbosac 3sis can be exacerbated by exercise and certain movements,*8 and it is often

seen in wd dogs and dogs with high activity levels.® It is well accepted in humans that
neurof pingement may be exacerbated by certain postural orientations and by axial

loading of the .10 In people it has been shown that walking and being in an upright position

N

(exten ine and axial loading) make the symptoms worse.!! The canine lumbosacral
spine has been evaluated with flexion-extension myelography!? and radiographic stress views.13

In these jes it was stated that overextension of the spine was necessary to establish a

[

diagnosis v elography!? and that static and dynamic components are involved in the

compressi @ both should be evaluated.13 Thereby it is proposed that lumbosacral stenosis
and neuro udication is a dynamic phenomenon and that the patient population would

profit frof being able to evaluate intervertebral foramina dimensions under dynamic

q;

conditionsgusing @n imaging procedure that makes measurements of the foraminae the most

{

accurate.

U
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Cadaveric studies in humans have shown that flexion increased the size of the foraminal area by
12% and extension decreased the area by 15%; with a 15.4% incidence of nerve root
compregssin i flexion group and 33.3% in the extension group.1* Conventional recumbant
MRI has begisfigiind to be inadequate for complete and thorough evaluation of the spinal column
and its comans.15 Positional MRI demonstrated that minor neural compromise and
positiowlwre differences were significantly related to changes in foraminal size,!! when
MRI is pegrmed in supine, erect-flexed and erect-extended positions.1¢ Positional computed
tomographyg(CTH) has been found to be a feasible technique for quantifying dynamic changes in
L7-S1 int@al foraminal morphology in dogs with lumbosacral diseasel” but a large
variability dn ghiumbosacral intervertebral foramen cross-sectional areas with a large
interobse bility has been found during lumbosacral joint extension in a cadaveric CT
study.18 M ents of the parasagittal foramen area obtained at the entry, middle and exit
zones via_CT 5re used as a measure of success of endoscopic assisted lumbosacral
foraminotomigsgiia the dog.1° In magnetic resonance imaging (MRI), features of DLSS are easily
identified z do;

studies ha MRI to measure different features regarding neural stenosis.#?2 In two
cadaveric @ies it was shown that foraminal areas measured with CT!8 and MRI2?3 were

er

significantly different between flexed and extended lumbosacral positions.1823 The traditional

s20 and abnormal MRI findings are consistent with surgical findings.2! Several

imaging p 0 investigate the spinal canal and the neuroforamina in magnetic resonance

rasagittal, transverse (axial) and dorsal planes.4+20.21.2425 One study in dogs has
investigated neuroforaminal dimensions and trajectories in the lumbosacral area with sagittal
oblique images in computed tomography.’® In humans, neuroforaminal dimensions are

evaluated ard parasagittal planes and image acquisition of the entry, middle and exit

zones of roforamina have been employed to subjectively assess L7 nerve root

encroachm In a prospective human study it was suggested that coronal oblique lumbar
MRI can demonstrate nerve roots in foraminal and extraforaminal areas2® and
impro i stic ability.29.30

Neither th! effect of position of the lumbosacral spine nor the effect of a parasagittal oblique
imaging plane onieuroforaminal measurements have been evaluated with magnetic resonance
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imaging in dogs clinically affected by DLSS. The purpose of this study was to compare standard
parasagittal foraminal measurements with those obtained in an oblique plane perpendicular to

the exitj oot, that has been described in CT!8 in dogs. And secondly, to compare these

measuremengsgil both neutral and hyperextended positions of the lumbosacral area. Our null
hypothest 1) there is no difference between imaging planes and 2) there is no

differelﬁew lumbosacral position.

Materials and Methods

Animals

SEI

Thirty dogsmi ing agility, working and pet dogs, were prospectively recruited for this study

U

between 0 and October 2012. They were all deemed to be clinically affected by

lumbosacr e and inclusion criteria were gait abnormalities, weakness or reluctance to

jump, to or to exercise. The inclusion criteria were made selective for lumbosacral

k1

compromi ain on palpation of the dorsal lumbosacral area and pain on palpation of the
sciatic outflo t had to be present either as a separate expression of pain or in conjunction.

All cas

d

ined by veterinarians at the clinic where the study was undertaken. General

health of t was within normal limits and other pelvic limb pathologies that could be the

M

source reported clinical signs were excluded by palpation and range of motion
examination of the pelvic limbs. For MRI, animals were placed under general anesthesia. They

were indgced with methadone (0.15-0.3mg/kg slow 1V, Physeptone®, Martindale

I

Pharmace , Harold Hill, Essex, UK), acepromazine (0.015-0.03mg/kg slow IV, Calmivet®,

Vetoquino edex, France) and propofol (4-6mg/kg IV, PropoFlo®, Abbott Laboratories,

Maidenhead;*B€rkshire, UK) and maintained with isofluorane inhalation (IsoFlo®, Abbott
Laborator{€s, Maidenhead, Berkshire, UK). After recovery from general anesthesia animals were

discha owners.

{

U

Magnetic e imaging
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For MRI examination, all patients were positioned head-first in dorsal recumbency. The neutral
position was obtained with legs placed in natural flexed leg position and images were acquired
utilisin tegrated spinal coil. For the hyperextended position legs were extended
caudally andganflex array coil was used (Fig 1). Imaging was carried out on the same MRI system
(SymphonTM 1.5T, Siemens, Erlangen, Germany) using the routine protocol for spine
investiﬁtimprotocol consisted of the following sequences: standard sagittal T2-weighted
(T2W) sec!ence (TR 3000ms, TE 101ms, FOV 360mm, matrix 512x448) with slice thicknesses
of 2.3-2.5 apd a slice gap of 10%, dorsal STIR (TR 6000ms, TE 47ms, FOC 350mm, matrix
384x270)@rse T2W (TR 3650ms, TE 99ms, FOV 200mm, matrix 394x270) and
parasagittalsobligue T2W (TR 2500ms, TE 105ms, FOV 220mm, matrix 320x232). The dorsal
STIR andwnsverse T2W sequences were not used in this specific study for data

acquisitio

In hypere;md neutral positions, and oblique and standard imaging planes, left and right

foraminal @pertures were evaluated for the entry, middle and exit zones of the nerve trajectory.

The obliq agittal plane refers to a plane perpendicular to the nerve root, exiting the
foramen. Hig. dicates the trajectory of the L7 spinal nerve through the different zones of the
neurofora rasagittal standard imaging planes are depicted to the left and parasagittal
obliqu t in the figures. The entrance zone is defined as the subarticular area medial
to the pedicle middle zone is the area under the pars interarticularis and pedicle, and the
exit zo ts the intervertebral foramen. Fig. 2B shows a T2W transverse image at the

level of the lumbosacral junction with the corresponding parasagittal standard and oblique

slices throsfll the three different zones.
Foramina the three different zones were determined using the free-hand outline of the
1 S

region of (ROI) using the integrated software image measurement tool of the MRI
machine s4™ software, Siemens). The foraminal areas were measured by one
investi medical radiographer with extensive experience in MR imaging, in triplicate

for eacl‘“th planes and both positions. The measurements were displayed in cm? and
averaged. 3n foraminal area was determined for neutral and hyperextended positions.

This ar@ected by copyright. All rights reserved.
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Examples of left and right entry, middle and exit zones on standard and oblique parasagittal

image planes in neutral and hyperextended position are shown (Figs. 3-6).

T

Statistical

Measur%rrs?: s were taken at each level of entry, middle and exit zones on both the left and

right neur

(hyperext@sition oblique plane), NO (neutral position oblique plane) and NS (neutral
tanda

position s

a and were labelled as HS (hyperextended position standard plane), HO

plane). A mixed-effects model was fit to all the area measurements where

zone, pla siffon and interactions, as well as the measurement side (L or R), were defined

as fixed ﬁepeated measures were accounted for by specifying a random effect for

each animal, a ach zone within each animal, due to an observed interaction between zone

and anim measured area. The response was transformed in order to ensure all

modelling tions were satisfied. An ANOVA was performed on the final mixed-effects

model to m:e significance of each of the zone, plane and position. The degrees of

freedom NOVA were estimated using the Satterthwaite approximation.’’ All

hypoth was undertaken at the 5% significance level. All analyses were conducted

in the statistic ftware package R,* and the statistical tests were selected and performed by

a statis who is one of the authors.

L

Results

MRI images mbosacral foramina of thirty dogs included pure breed dogs (n=28) of nine
breeds anl cross breed dogs (n=2). Pure breed dogs were Border Collie (n=15), Labrador
Retrie =#"CGerman Shepherd Dog (n=2), Airdale Terrier (n=2), Pointer (n=1), Cocker
Spanielwnish Lapphund (n=1), Golden Retriever (n=1) and Lurcher (n=1). Sixteen

female anﬂe dogs were part of the study. Dog ages ranged from 1.0 - 8.6 years (mean 4.7

years). Bo ts ranged from 8.2 - 49.5kg (mean 23.4kg).
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Four dogs (13.3%) only showed pain on palpation of the dorsal lumbosacral area (lumbosacral
junction and/or spine) and four dogs (13.3%) only showed pain on palpation on the sciatic
outflow, esenting the major symptoms. Twenty-two dogs (73.4%) showed both of

those signm. Of the 26 dogs (86.7%) showing pain on palpation of the sciatic outflow

tract, eigh dogs (30.8%) had unilateral signs. Additional clinical signs were: moderate
partial ey Might bearing lameness (n=16, 53.3%), stiffness (n=7, 23.3%), difficulties
jumping o!getting up (n=6, 20%), abnormal gait (n=3, 10%) crouched or haunched position
(n=2, 6.7"/®veakness (n=2, 6.7%). Dogs could have more than one of the additional signs

combined.

The meanfand stAndard deviation values for foraminal area measurements are presented in

S

Table 1 and"2, aftd results of the statistical comparisons for the variables are presented in Table

3. The mixed effe@ts model indicated that no significant difference was found between right and

1

left foram =0.1512). The largest areas measured were the entry zone, 0.53 £ 0.09 cm?

(mean andfSD), and the exit zone, 0.55 £ 0.13 cm? (mean and SD). The smallest area was the

6

middle zo 0.42 + 0.07 cm? (mean and SD). The mixed effects model indicated a

significan each of zone, plane, and position (p<0.00005). Measuring the entry or exit

a

regions (rathe™®ian the middle region) both result in a significant increase in the measured
area, o age (p<0.00005). Measurement in the standard plane (as opposed in the oblique

plane), resu significant increase in the mean measurement (p<0.00005), revealing that

M

the ne | area acquired using oblique sagittal planes (NO, HO) was significantly

smaller than measurements in the standard parasagittal plane (NS, HS), except for the

significant r (p<0.0001) than measurements acquired in the neutral position - in the

1

hyperexte ition in the middle and exit zone and the neutral position in the middle zone

of the righ ina (Fig. 7, Table 1 - 3). Comparing the influences of the two different positions

of the lum area, the neuroforaminal areas acquired with hyperextended positions were

correspon@ling standard parasagittal plane (HS compared to NS) as well as the oblique

parasagitt' Hlaﬁ' (HO compared to HS) (Fig. 3 - 6). Furthermore, there is a significant

q

interaction between zone and plane. Specifically, compared to the middle zone and oblique

|

plane, both entry and exit zones in the standard plane result in an increase in area, however

This artic tected by copyright. All rights reserved.
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only entry is significant (p=0.0034 and p=0.7755) and the statistical difference was most
pronounced for neuroforaminal dimensions evaluated in the oblique plane and hyperextended
positio 1 d Fig. 5). There is a significant interaction between all of zone, plane and
position (p zss8235, Table 3). Thus, on average, the minimal measurement area is predicted to
be for thne, for a dog in the hyperextended position, observed in the oblique
parasa@tm No other lesions were found on MRI examination which might account for

the reportg clinical signs.

C

Discussion

S

Magnetic réSondance imaging is a widely used advanced imaging modality to confirm the

diagnosis of DLSS in dogs.2® In the present study standard parasagittal MRI foraminal

U

measure the level of the lumbosacral junction were compared with those obtained in a

novel obligue plane perpendicular to the exiting nerve root. The mixed-effect model indicates

I

that the n minal areas acquired using oblique sagittal planes were smaller, on average,

comparedfto standard plane. Furthermore, measurements in both the neutral and

a

hyperexte itions of the lumbosacral area revealed that the neuroforaminal area was, on

averag ly smaller in the hyperextended position.

M

Standa sagittal plane in MRI imaging is well established to investigate the spinal canal
and the neuroforamina in humans, and one study concluded that the appropriate use of oblique

section selgctions in human MRI can improve diagnostic capability.29 Excellent visualisation of

|

nerve roo amina with oblique imaging planes in the cervical spine was reported.33 The

relationsh @ ve roots and foramina to intraforaminal structures and the boundary of the

foramina CammBe determined including the intraforaminal fat signal.3¢ Several studies

investigati iagnostic value of angled sagittal MRI in the cervical spine have been pursued

f

in hu lique imaging has been found to be a more accurate test compared to

L

conven sagittal planes.3s The results of the present study reveal that the

neurofora ea acquired using oblique planar images was smaller than standard

U

parasagitt rements with the middle zone being the narrowest. These results are in
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agreement with those of an earlier study using CT which investigated neuroforaminal
dimensions and trajectories in the lumbosacral area using sagittal oblique images in dogs and
found t idldle and exit zones had much smaller cross-sectional areas.8 It was concluded
in their studymshat oblique planes provided images in which the lumbosacral intervertebral
foramen i at its smallest cross section and thus the L7 nerve is visualized in true
cross sgetign As compression of the L7 nerve within the lumbosacral intervertebral foramen
may be m@re likely to occur at the point at which the cross-sectional area of the foramen is

smallest, fwing plane may potentially provide increased sensitivity in the diagnosis of
fo

lumbosac inal stenosis and nerve root compression. Similar results were obtained in

r
studies inMg oblique planes in the cervical spine in humans.36 As the dimensions of the
C

foramina

recommel3humans to add oblique MRI when the clinical exam is suggestive for
i

ical importance in the diagnosis of foraminal stenosis and radiculopathy, it is

radiculopath e cervical spine because the oblique images provide data not available from
the conventi arasagittal acquisition technique. A significant correlation using MRI and CT
on humangdaveric cervical spines between nerve root compression and decreased foraminal
area was f ich might help in the diagnosis of foraminal stenosis.3? In another study it
was concl t angled cervical MRI provides statistically significant increase in specificity

e
and accuracy of diagnosing foraminal stenosis, providing a clearer view of certain anatomic

structure e the imaging plane is oriented perpendicular to the true course of the neural
acilitates the identification of diseases, especially laterally.35 In other studies in
humans it was found that the oblique view added important information not available on the

sagittal in—sges or clarified changes seen on the axial images of cervical spine MRI.37 The fact

that dimi oraminal area is evident more pronouncedly on oblique planar image
acquisitio resent study suggests that this novel plane could be used as a useful imaging
tool to inte L7 nerve root encroachment.

Neurogeni@ claudication defined by intermittent pain or paresthesia in the legs in humans is

brought oi by wi(ing and standing and relieved by sitting or lying.10 In dogs with lumbosacral

degenerative disease certain movements are more painful than others.*58 In the present study,

foraminal apertEies in the lumbosacral area revealed significant differences between
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hyperextended and neutral patient positioning. Neuroforaminal dimensions in the

hyperextended position were significantly smaller than in the neutral position. Thus, decreased

forami i ons may increase compression on neural structures embedded in the
interverteh amen depending on lumbosacral vertebral position. This may occur when
dogs are j ver an agility course jump, into the owners‘ car, onto a sofa, when going up

stairs, QI Mting up after lying down in a curled-up position for a prolonged period, all of
which areSommon observations in dogs affected by DLSS. Nerve root compression in the
foramen ocgur facet subluxation with associated bulging of the posteroinferior portion of
the ligame@tum flavum and posterior/dorsal bulging of the intervertebral disc.5> With regard to
foraminal size an studies have shown that dimensions of the neural foramina are position
dependenWtion-dependent changes in relationship of the nerve root with the adjacent
disk were ly found and change in pain score was most closely associated with foraminal
changes.11 Com;;ing recumbant, upright weight-bearing and dynamic-kinetic spinal imaging it
was found reater degree of neural foraminal stenosis occurs in extension while flexion

leads to l88sening and resolution of narrowing.l” Dynamic changes in L7-S1 intervertebral

foraminal morphalogy have been found in dogs with lumbosacral disease with positional

computedfto % phy!7, detecting a significant decrease in mean foraminal area for position in
extension versus flexion. The absolute numbers of foraminal area measurement in extended
position uch smaller compared to the values we retrieved in our study. This might be
explain e fact that the lumbosacral area was positioned in a extreme extended
positioning in the mentioned study!” and in a more normal position in our study. Conducting a
CT study S’th cadaveric dogs it was found that the lumbosacral intervertebral foraminal area

was small the lumbosacral junction was extended, rather than flexed.18 The significant

effect of psitioning on neuroforaminal dimension provides corroborative evidence that
spinal po ay influence neural claudication in clinically affected patients. In the
mentic:ﬂhe middle and exit zones had much smaller cross-sectional areas compared
with t trance zone.!8 This is confirmed partly in our study where the middle zone
has the“oss-sectional area in both planes and both lumbosacral positions, being more

likely to bn of compression. The exit zone in our study was smaller than the entrance

zone in th, xtended position but larger than the entrance zone in the neutral position.
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This might be an indication that in the hyperextended position there is more dynamic

compression of the exit zone due to anatomical change regarding positioning of ligaments and

bulging i vertebral disc, compared to the entry zone, which is characterized by a more
bony anato n soft tissue anatomy.
We found rcentage of both genders to be affected by symptoms of DLSS, in contrast

to otherEvhere males were overrepresented. This might just be coincidence. Working
dogs like away have been reported to be over-represented regarding DLSS in New
Zealand,40 ile $he Border Collie was the main affected breed in the present study and a
previous s Most dogs affected by DLSS exhibit pain and sensory dysfunction with few

showing nibt icits.*142 Pain represents the predominant clinical sign followed by lameness,

S

stiffness and*difffculties jumping, which is also the case for the present study.4142 In one third of

dogs in our st signs were unilateral and yet there was no significant difference of

L

neurofora mension detected between left and right. This may point toward clinical signs
not necesg@rily being correlated with the dimension of the intervertebral foramina measured on

MRI. Othe

n

also observed that imaging findings do not always correlate well with clinical

signs.z¢ A udy which quantified foraminal area in dogs affected by DLSS did not reveal a

d

direct correla between foraminal area and clinical signs.1” Further studies are needed to
investi ationship between clinical signs, especially dynamic movements, and MRI

findings in la mbers of clinical cases. We submit that the new parasagittal oblique plane

VA

descri y be a useful diagnostic plane to diagnose foraminal stenosis more reliably,

but this remains to be seen in consecutive studies.

CT is a v

r

ive diagnostic imaging tool for bony changes and MRI is considered to be

more sen @ r detection of soft tissue changes. The step window display facilitated

discrimina bone margins for most dogs, however also created difficulties in assessing

bone margifs. idural fat surrounds the cauda equina nerve roots and provides a natural

i

source e contrast in normal dogs.*3 In dogs with lumbosacral stenosis, however,

|

epidura ally lost at sites of cauda equina compression. Contrast-enhanced CT has a

positive-p value of 81% for compressive soft tissues involving the lateral recesses in

U

dogs wit acral stenosis.** In MRI, however, compression of the nerve roots by
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protruding disc material and loss of epidural fat is easily identified.1120. T1W sagittal images
were found most useful in imaging the cross sectional area of the intervertebral canal and in
demon i minal narrowing.2! In the present study T2W images were chosen as the
sequence togemaluate the images because the T2W images are one of the most frequently used
sequencesns for diagnostic purposes in a clinical setting and our objective was to
providé-nmapplicability to typical clinical scenarios. Together with T1W, the T2W
sequence !as been used in canine and human studies to diagnose foraminal stenosis.2842

standard

Foraminal areagwith reconstructed sagittal oblique CT images was investigated by angulating
@nages perpendicular to the transverse plane angle.18 Using MRI, sagittal plane

disc protr

images do gotdaeed to be reconstructed as in CT and are valuable in demonstrating foraminal
Md associated foraminal stenosis with a clear advantage over CT imaging.2!

Freehand i round the margins of the foramen to quantify the foraminal area has been
undertaken_in s using CT images.!7.19 Because this process may be inaccurate implicating

errors in tng the cursor and in accurately defining the boundaries of the foramen, in a

recent study it was attempted to improve boundary detection with modeling the soft tissue

componen injecting a plastic material into the foramen of the study cadavers.18 In the
present stid @ minal areas were determined using the free-hand outline of the region of

interest using the epidural fat as a border for the outline of the foraminal boundaries. We accept

the limita at there is still a risk of under- or overestimation of the foraminal area and

further including evaluation of inter- and intraobserver variability are warranted.

A second limitation of our study is that to simulate the dynamics of the lumbosacral junction the

normal pc&' ion was compared with the hyperextended position and not with a hyperflexed
position. Todiamestigate and demonstrate more extreme changes of foraminal dimensions under
the inﬂuesition of the lumbosacral junction, a hyperflexed position may be used in
further stuif’ hird limitation of this study is slice thickness, which varied according to the
size of thé}patient. We used the thickest slice size possible to minimize artifact but in some

patients t ickness was decreased in order to relate the slices definitively to the planes

painfree dogs with similar signalement and without any clinical signs of lumbosacral disease as
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371
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373
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375
376

377
378
379
380
381
382
383
384

controls and the restrospective nature of the study. The inclusion criteria were made selective
for lumbosacral compromise, but inherently in a retrospective study we are limited by the
histori findings recorded in the medical records, by several different clinicians.
Besides maugmdifferent nonspecific clinical signs, that can be attributed to several pelvic limb
pathologial sign all those dogs had in common was lumbosacral pain - on dorsal
palpatiﬁl mmbosacral area or pain on palpation of the sciatic outflow tract, either as a
separate !ﬁression of pain or in conjunction. Despite the often nonspecific clinical signs of
degeneratiye lumbosacral stenosis, lumbosacal pain is considered the most consistent clinical
finding.#s Bumbog#cral pain can be elicited specifically by dorsal palpation of the lumbosacral

area*s and iatic outflow tract.! We considered this specific pain responses as a strong
P

indicator ology of the lumbosacral area. It is the standard of care and medical record
documentagiensimsthe clinic where the study took place, that exclusion of mention of other pelvic
limb lesions in ;5 medical records indicated that the examining clinicians have excluded other
etiologies. t so part of the inherent limitation of a retrospective study, we therefore made
the assumpgion that no other pelvic limb pathologies have been detected in the presented dogs

practice consistent clinical exam. There is a lack of gold standard in this study

with the a ion that the pelvic limbs were examined by widely accepted good general
!

population, however using what has been published in the literature yields to us a valid form of

"referenc ard". The goals and results of this study are not intended to correlate the

clinical si RI findings. Clinical signs were intended to define inclusion criteria to create a

study population with clinical signs most representative of lumbosacral pathology.

Notwithstaading the limitations of our study, we conclude that the parasagittal oblique plane

E

Furthermd
as detected in clinically affected patients and that positional MRI is a feasible technique
for quan&ing dynamic changes in L7-S1 foraminal morphology. Authors propose that
positionalgRl w h parasagittal oblique image acquisition should form part of any imaging

interrogation of patients with clinical signs likely attributable to DLSS, particularly where

may represgiagmapotentially more accurate objective measure of L7 neuroforaminal dimensions.
\ave shown that spinal position may influence dimensions of neuroforamina

conventional imdging parameters may prove inconclusive. Further application of these
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385 techniques in larger case numbers, cohort studies, anatomical comparative studies and surgical

386 confirmation of imaging findings will all be required to further establish applicability of our

387 findingy
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543

544  Table 1. Measured Area of Left Neuroforamina in Normal Position Standard Plane, Normal
545 Position
546 Oblique P @ nparing Entry, Middle and Exit Zone (n=30)

{

ane, Hyperextended Position Standard Plane and Hyperextended Position

&

547 —

548 LEntry Middle Exit
549 O

550 Wan SD Mean  SD Mean  SD
551 32) (cm2) (cm2)
552 s

553 HS mﬁ 0.13 0.38 0.100.48 0.17
554 HO 0.10 0.34 0.070.42 0.13
555 NS : 0.64 0.18 0.54 0.150.72 0.21
556 NO s 0.54 0.11 0.45 0.09 0.58 0.21
557

0

558 NS =normal position standard plane, NO = normal position oblique plane, HS = hyperextended

559 position st@ndard plane, HO = hyperextended position oblique plane

I

560

561

ut
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562

563

564

565

566
567
568

569

570

571

572

573

574

575

576

577

578

579

Ipt

Table 2. sured Area of Right Neuroforamina in Normal Position Standard Plane, Normal

1

Position ObliquegPlane, Hyperextended Position Standard Plane and Hyperextended Position

Oblique Plane, Canparing Entry, Middle and Exit Zone (n=30)

3/

Entry Middle Exit

us

N

SD Mean SD Mean SD
CBZ) (cm?) (cm?)
HS 2 0.14 0.37 0.09 0.46 0.16
HO s 0.43 0.10 0.34 0.09 0.44 0.15
NS 0 i 0.15 0.49 0.11 0.73 0.19
NO s 0.51 0.10 0.45 0.11 0.57 0.21
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580 NS =normal position standard plane, NO = normal position oblique plane, HS = hyperextended

581 position standard plane, HO = hyperextended position oblique plane
582

583

pt

584 Table 3MR&sWlESSRthe ANOVA, Demonstrating the Statistical Significance of Each Variable*

585 b
586 O
587 m F-value P-value
598 :
589 Side C 2.0646 0.1512
590 Zone 40.0215 <0.00005
591 Plane m 125.2637 <0.00005
592 Positi0: 384.4908 <0.00005
593 Zone:p 4.2470 0.0147
594  Zone:position 13.9338 <0.00005
595 Plane:posinonL 2.8302 0.0930
596 Zone:plan@n 3.7742 0.0235
597 !
598 H
-
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599
600
601

602

603

604

605

606

607
608
609
610
611

612

613
614
615

*The ANOVA indicates that each zone, plane, position, the two-way interaction between zone
and plane, and zone and position, and the three-way interaction between zone, plane and

positio significant effect on the measured neuroforaminal area.

t

erip

Figure leg&nds

FIG. 1. Sc rawings of positioning of the dogs for MRI. Neutral position was obtained

US

with legs natural flexed frog-leg position, with foam wedges placed under the distal

femur/sti if necessary, to keep the pelvic limbs balanced. Hyperextended position was

obtained extended caudally to extend the hip joint, with both femora affixed parallel to

Fl

each other vating the lumbosacal area with sandbags.

3

Neutral

Hyperextended

e

FIG. 2. Schgatic drawing (A) and T2W transverse MRI image (B) at the level of the lumbosacral
junction imdicatipg the trajectory of the L7 spinal nerve through the different zones of the

interverte oforamina. Parasagittal standard imaging planes are depicted to the left and
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616 oblique imaging planes to the right in the drawing and the image. Entry, middle and exit zones

617 arerepresented from axial to abaxial by sequential arrows on image A and by lines on image B.

618 ‘ 7

619 FIG. 3-6. sturements as region of interest (ROI) of the foraminal aperture in the entry

620 ) exit (C) zone in the parasagittal plane (T2W).
621 FIG. 3. L ard (first row) and oblique (second row) parasagittal image planes in
622 hyperextendeds@sition of the lumbosacral area.
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625 FIG. 4. Left standard (first row) and oblique (second row) parasagittal image planes in neutral

626 position of the lumbosacral area.

1 MinfMax: 26 /529 1 Min/Max: 49 /547
1 Mean/SD: 254.9 /138.7 1"Mean/SD: 285.1 /125.7 1 Min/Max: 47 /453
1 Area: 0.96 sq.cm 1 Area: 0.42 sq.cm 1 Mean/SD: 238.3/85.2
1 Pixel: 183 1 Pixel; 80 1 Area: 0.53 sq.cm
1 Pixel: 102

4,
>
1_Min/Max: 0 /328
1 Mean/sD: 250.2/183'8 S 8 ffean/SD 12177 17
1 Area: 0.60 sq.cm v o #Areai0:88 sq.cm < -
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627
628
629 planes in
630
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631
632 FIG. 6. Rig rd (first row) and oblique (second row) parasagittal image planes in neutral
633 position o bosacral area.
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isker plot of data from area measurements of the left (L) and right (R) entry,
nes of neuroforamina (cm?) comparing two MRI views and two positions of

LS) area (HS-hyperextended position standard plane, HO-hyperextended

ique plane, NO-neutral position oblique plane, NS-neutral position standard plane).
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