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List of abbreviations

CES cauda equina syndrome
CSEP cortical somatosensory evoked potential
CT computed tomography
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EMG electromyography
EZ elastic zone
EZS elastic zone stiffness
FP force plate
FPA force plate analysis
Fx mediolateral force
Fy craniocaudal force
Fy+ peak braking force
Fy- peak propulsive force
Fz+ peak vertical force
GRFs ground reaction forces
GSD german shepherd dog
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LMN lower motor neuron
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MRI magnetic resonance imaging
NP nucleus pulposus
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PO postoperative
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SD standard deviation
SEM standard error of the mean
SEPs somatosensory evoked potentials
SI symmetry index
SSEP sciatic nerve spinal somatosensory evoked potential
TVS transitional vertebral segment
UMN upper motor neuron
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Aim and scope of the thesis

Degenerative lumbosacral stenosis (DLS) is now recognized as the cause
of a significant percentage of problems of dogs with pelvic limb lameness. The
condition includes lumbosacral Hansen type II intervertebral disc protrusion and
disc degeneration, (non-bridging) spondylosis deformans, sclerosis of the vertebral
end plates and articular processes, ventral sacral subluxation (spondylolisthesis),
and hypertrophy of the ligamentum flavum and joint capsules.1-6 DLS leads to
compression and entrapment of cauda equina nerve roots, causing clinical signs
that are referred to as "cauda equina syndrome". DLS frequently occurs in middle-
aged dogs of medium-size to large breeds with a predisposition for the German
Shepherd dog (GSD).1-3,5,7,8 The clinical signs include caudal lumbar pain, pelvic
limb lameness, reduced endurance, reluctance to perform activities such as jumping,
rising and climbing stairs, self mutilation, and neurologic deficits.1,3,5,9-12 Tentative
diagnosis of DLS is based on the history, clinical signs, clinical examination and
radiographic findings but all these findings are not specific for DLS. The differential
diagnosis includes other orthopedic (e.g., hip dysplasia) or neurological disease
(e.g., degenerative myelopathy), that may resembles DLS in clinical features and
also occurs in similar breeds (e.g., GSD) and at the same age. In order to be able
to come to a precise diagnosis of DLS and to select the best therapeutic approach
for improvement of the quality of life in these patients, the present study was
conducted.

The aim of this thesis is threefold. The first aim is to determine the
informative value of imaging techniques and their value for a favorable surgical
outcome. This was done by comparing between the findings on computed
tomography (CT), magnetic resonance imaging (MRI) and the surgical findings.
The second aim is to investigate the somatosensory function in dogs with DLS. It
is hypothesized that somatosensory evoked potentials (SEPs) in dogs with DLS
can be used as a diagnostic tool to accurately assess the somatosensory function
in dogs with DLS. The third aim is to objectively evaluate the surgical treatment
in dogs with DLS using force plate analysis (FPA). It is hypothesized that
decompressive surgery will resolve the compression of the cauda equina and
improve the quality of life in dogs with DLS.

In the general introduction of this thesis (Chapter 2) an overview is given
of the anatomy of the lumbosacral joint in the dog. Following the signalment,
pathophysiology and clinical signs of DLS in dogs are described. A review of
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relevant diagnostic modalities for DLS is presented including imaging techniques,
electrodiagnostic techniques and measurement of ground reaction forces (GRFs)
using FPA. This overview is completed with a description of the modes of treatment
and the prognosis for DLS as is reported in literature. In Chapter 3 a retrospective
analysis is described of the signalment, clinical presentation, imaging findings
and surgical treatment in 156 dogs with DLS referred to the Department of Clinical
Sciences of Companion Animals during the past 15 years (1989-2004). This analysis
has to answer the following question: what are the predisposing findings on clinical
and radiological examination that dogs with DLS have in common? To study the
neuronal pathways affected by the cauda equina compression, we report in Chapter 4
on the investigation of the lumbar and cortical SEPs by stimulation of the tibial
nerve in normal dogs and to assess the use of SEPs as a diagnostic tool in dogs
with DLS. In the past decade, various imaging techniques have been developed,
that allow a more precise diagnosis and surgical planning aimed at lumbosacral
pathology. The findings between CT, MRI and surgery were compared in Chapter 5
in order to determine the additional value of these imaging modalities for planning
of the surgery. In Chapter 6 the FPA is described that was used to investigate the
characteristics of lameness in dogs with DLS. In addition, FPA is used to objectively
evaluate the surgical treatment of DLS in dogs with a follow-up period of 6 months.
Using FPA and questionnaires to owners, surgery was also evaluated in the long-term
at follow-up as long as 24 months after surgery in Chapter 7. In Chapter 8 a
biomechanical flexion-extension load bending study is described in cadaver
lumbosacral specimens of healthy middle-sized dogs before and after dorsal
laminectomy with partial discectomy and pedicle screw-rod fixation. This study
was performed to assess the stability of the lumbosacral junction after decompressive
surgery and to describe the technique of pedicle screw and rod fixation in the
canine lumbosacral spine and its biomechanical effect on spinal stability. The
results of the studies are summarized and discussed in Chapter 9. The thesis is
concluded with a summary in English, in Dutch and in Thai (Chapter 10).
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Degenerative lumbosacral stenosis (DLS) is the most common disease of
the canine lumbosacrum and has been well documented in the veterinary
literature.1-13  In order to present the current knowledge of the subjects studied in
this thesis, an overview is given in this chapter of the lumbosacral anatomy, the
pathophysiology, the diagnostic techniques, treatment options, and prognosis of
surgical treatment of DLS in dogs.

1. Anatomy of the lumbosacral junction in dogs

1.1 Gross and functional anatomy

The lumbosacral articulation consists of the intervertebral disc and
two facet joints. The disc provides stability, pressure distribution, and shock
absorption.14,15  The  intervertebral disc consists of a central gel-like nucleus pulposus
surrounded by the annulus fibrosus. The healthy nucleus pulposus is water rich
and the water molecules are bounded by proteoglycans, forming a gel-like ground
substance in the center of the disc. The annulus fibrosus is composed of fibrous
tissue that appears as concentric rings that encircle the nucleus. The intervertebral
disc is present between each pair of vertebrae along the entire length of the spinal
cord except between C1 and C2 (the atlanto-axial joint), and the fused sacral
vertebrae.16 Compressive forces along the spinal column are absorbed by nuclei
pulposi of the discs.15

The two joints are the paired synovial facet joints between the dorsal
articular processes. The stability between two vertebrae is achieved by a complex
network of supporting tissues, including the annulus fibrosus together with the
dorsal and the ventral longitudinal ligaments which stabilize the junction between
the vertebral bodies, the interarcuate ligament or ligamentum flavum, the ligaments
between the spinous processes, as well as longitudinal and oblique hypaxial and
epaxial musculature.10

During embryonic development, the spinal cord and the spinal column
are of equal length. The nerve roots leave the spinal cord and spinal canal at right
angles through the intervertebral foramina. As the growth rate of the spinal column
exceeds that of the spinal cord, the spinal cord is shorter than the spinal column at
birth.17 Therefore, the conus medullaris, defined as the tapered end of the spinal
cord, ends between the middle to caudal half of vertebra L6 and the cranial half of
vertebra L7 in dogs (Figure 1). However, in small breeds of dogs the spinal cord
may end one half of a vertebral body length more caudally.17
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The bundle of spinal nerves in the spinal canal resembles a horse's tail and
is therefore called cauda equina, starting at the level of L6 and extending into the
sacrum. The cauda equina is dorsally bounded by the ligamentum flavum and the
lamina of the lumbar vertebrae, laterally by the pedicles and ventrally by the dorsal
longitudinal ligament, the dorsal part of the intervertebral disc and the lumbar
vertebral bodies (Figure 2). Ventral to the cauda equina, the bilateral venous
plexuses are situated. Epidural fat surrounds the cauda equina and fills the vertebral
canal. The dural sac, defined as the membranous sac that encases the tapered end
of the spinal cord within the spinal canal (Figure 2), may end between L6 and S1,
or even more cranially in large dogs. However, in 80% of dogs, the dural sac does
extend into the sacrum.18

The cauda equina is formed by the spinal nerves L6, L7, S1-S3, Cd1 - Cd5
(Figure 1) that run through the spinal canal of L6, L7, S1 to S3 and Cd1 to Cd5.
The peripheral nerves (Figure 3) that originated from the cauda equina nerve
roots, have well-defined functions. In case of dysfunction, this results in specific
neurologic deficits are presented in Table 1.

Figure 1. Anatomic relationship of vertebral
bodies to the spinal cord and cauda equina of
the dog (the courtesy of the Division of
Anatomy and Physiology, Department of
Pathobiology, Faculty of Veterinary Medicine,
Utrecht University).

L3

L4

L5

L6

L7

Sacrum
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L7 S1
*

L7 S1

Figure 2.  Sagittal histological sections of the lumbosacral region of  the dog. (A) midsagittal
section from lumbar vertebra L7 to sacral vertebra S1 with the intervertebral disc (*), the dural sac
(arrow), and interarcuate ligament (arrowhead). (B) The lateral sagittal section  show the L7 spinal
root gangtions (arrowhead) at the intervertebral foramen.

Figure 3.  The peripheral nerves of the pelvic
limb of the dog (the courtesy of the Division of
Anatomy and Physiology, Department of
Pathobiology, Faculty of Veterinary Medicine,
Utrecht University).
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Table 1.  The peripheral nerves that originate from the cauda equina, their normal
function and dysfunction in dogs with DLS (adapted from SjÖstÖrm, L. Textbook
of small Animal Surgery) 10

Neurologic deficits

Decreased conscious

proprioception

Muscle atrophy

Urinary incontinence

Decreased perineal reflex

Decreased  sphincter

tone of urinary bladder

and anus

Tail hypotony

Nerve

N. ischiadicus

N.pelvicus

and sacrales

N. pudendus

N. caudales

Segment

L6-S1

S1-S3

S1-S3

Cd1-Cd5

Sensory function

Lateral surface of

pelvic limb

Pelvic canal

Perineum, anus,

genitals

Tail

Motor function

Extension of hip

joint Flexion of

stifle joint Flexion

and extension of

tarsal joint

Urinary bladder

Anal and urinary

bladder sphincters

Tail

1.2 Biomechanics of the lumbosacral region

The lumbosacral junction is one of the dynamic areas of the vertebral
column of the dog. Flexion and extension are the main movements, whereas the
lateral and rotational movements are limited.19  The intervertebral disc acts as a
deformable tissue between individual vertebral bodies which gives its flexibility.15

Many studies have examined lumbosacral conformation and mobility of
lumbosacral junction in normal and affected dogs such as lumbosacral angle and
range of motion.20-23  The main type of motion is rotation with the disc as the
fulcrum combined with a small amount of translation resulting in ventral
displacement of the sacrum.23 The range of motion of the lumbosacral junction is
not dependent on breed and size of dogs.21

Lumbosacral angles, range of motion, and alignment have been analyzed
as possible causes of DLS in German Shepherd dogs (GSDs).20-22  Benninger et al 19

reported that the lumbosacral junction of GSD is less flexible than that of dogs of
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other breeds, whereas Schmid and Lang21 found that GSD and other dogs have the
same lumbosacral mobility.

Dogs with DLS had reduced flexion in the lumbosacral junction leading
to reduced mobility.21 A possible cause of lumbosacral disc degeneration in dogs,
as discussed in the literature, is an increased or altered mechanical load on the
intervertebral disc and may be a risk factor for disc degeneration. Differences in
the motion pattern between affected dogs and normal dogs, and between GSDs
which are predisposed to lumbosacral disc degeneration and in dogs of other breeds
have been detected.19,24,25

2. Degenerative lumbosacral diseases

2.1 Terminology

Lumbosacral disease is not synonymous with cauda equina syndrome
(CES).8 Lumbosacral disease is a collective term encompassing different diseases
that result in pathologic changes of the cauda equina. CES is the clinical
manifestation of sensory and/or motor neural dysfunction in patients that results
from nerve roots compression, destruction or displacement at the lumbosacral
region.8 Lumbosacral disease includes congenital anomalies, degenerative disorders,
discospondylitis, trauma and neoplasia. For degenerative disorders at the lumbosacral
junction various terms have been used such as DLS, lumbosacral malformation
and malarticulation, lumbosacral instability and lumbosacral spondylopathy.8

Discospondylitis, trauma and neoplasia at the lumbosacral junction may
also cause signs similar to DLS and should be considered in the differential
diagnosis. Discospondylitis is an infectious condition involving one or more
intervertebral discs and adjacent vertebral end plates that may also cause CES by
compression and inflammation of soft tissue and bony structure surrounding the
cauda equina.8,26-28  Discospondylitis is usually caused by coagulase-positive
Staphylococcus bacteria, but it can also be caused by gram negative bacteria or fungi.
Sources of infection may include foreign body migration, surgical or traumatic
implantation.26 Infection results in bone necrosis (osteolysis) with sequester
formation and eventually vertebral collapse in severe cases, and subsequent new
bone formation around the disc space and formation of fibrous connective tissue
in the cauda equina area. Treatment is aimed at resolving the infection with
antimicrobial therapy.
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Vertebral trauma such as fractures and (sub) luxation of the lumbosacral
junction may also lead to stenosis and ischemic conditions at the cauda equina.6,25,29

It is usually associated with neurologic abnormalities in one or both pelvic limbs
which are generally localized to the areas of sciatic nerve distribution and result
from damage of L7 and S1 spinal nerve roots.25

Primary or secondary tumour of bone or neoplasia of soft tissue of the
lumbosacral region (i.e., nerve sheath tumour) may also cause the CES.3,25,30,31

Tumours of the lumbosacral plexus and sciatic nerve are rarely reported in dogs.32

2.2 Pathophysiology

The clinical signs in DLS are caused by compression of the cauda equina
nerve roots and/or its vasculature, resulting in signs of sensory and/or motor nervous
dysfunction.1,6-8,11,24,29,33-35  DLS is characterized by one or more of the following
pathologies: intervertebral disc degeneration, Hansen type II disc herniation
(Figure 4), hypertrophy of the interarcuate ligament and joint capsules and/or
bone proliferation at the vertebral endplates.7,8,11,12,28,36,37

The axons located on the periphery of the cauda equina nerve roots and
conus medullaris may reveal enlargement, edema, and loss of fibers.38,39  Nerve
roots and spinal nerves may become inflamed and swollen due to their reduced

Figure 4. Midsagittal histological section of the
lumbosacral region of a dog with degenerative
lumbosacral stenosis demonstrating type II
intervertebral disc degeneration (*), severe dorsal disc
protrusion (arrow), and dorsal displacement of the
dural sac.

L7 S1*
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mobility and failure to yield to tension exerted at points of compression during
exercise.11,34  The microvascular abnormalities after compression on cauda equina
are distention and distortion of veins in the most peripheral nerve roots and
congestion of the arteriovenous anastomosis in dorsal root ganglions. Recovery
of damaged neurons and axons after decompression depends on preservation of
microcirculation in the cauda equina.

2.2.1 Lumbosacral disc changes

 Intervertebral disc degeneration is associated with loss of water from the
nucleus pulposus. This reduces the ability if the disc as a hydraulic cushion
function.14,15  The fibrinoid disc degeneration in non-chondrodystrophic breeds
has been referred to as Hansen type II (protrusion of the annulus fibrosus which
nucleus pulposus remains within the annulus fibrosus),40 whereas Hansen type I
chondroid disc degeneration (i.e., extrusion of the nucleus pulposus)40 is seldomly
seen in DLS.14,41 Hansen type II can occur in geriatic individuals of any breed of
dogs, and it also typically of the protrusions which develop in humans, cats, and
most other species.41 The cause of the disc degeneration is not thoroughly
understood. Studies in human suggest that it may develop as a result of
inflammatory alterations of the disc matrix.41

Spondylosis deformans and vertebral end-plate sclerosis may also be
associated with disc degeneration.6,14  Further loss of function of the disc in
absorbing the compression forces leads to narrowing of the intervertebral foramen
by subluxation of the facets.35,42 In addition, the collapsed disc may lead to
thickening and infolding of the interarcuate ligament.3 The range of motion of the
lumbosacral joint in dogs with DLS may be limited since the secondary fibrous
and bony changes may stabilize the disc space, or it may be increased because of
destruction of the annulus fibrosus.6

The vacuum phenomenon is a well-recognized radiographic signs of
degenerative disc disease in humans.43 Similar radiographic changes can be found
in the disc space of dogs and may indicate degenerative disc disease.43-45 The vacuum
phenomenon is formed by gas (N

2
) accumulation in a degenerated disc that harbors

pockets of space prone to vacuum forces. Vacuum lumbosacral disc phenomenon
is indicative of degenerative lumbosacral disc disease, and may be associated
with lumbosacral instability and DLS.43-46  However, gas accumulation caused by
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open wounds, open fractures, or puncture of the vertebral column should be
considered in the differential diagnose of vacuum phenomenon.45

2.2.2 Lumbosacral skeletal changes

2.2.2.1 Transitional vertebral segment
A congenital vertebral anomaly that occurs at the junction of the major

divisions of the vertebral column (i.e., cervicothoracal, thoracolumbar, lumbosacral
junctions) in which vertebrae assume characteristics that are typical for either
division, is referred to as transitional vertebral segment (TVS).47-50

TVS at the lumbosacral junction has been implicated as a cause of DLS in
the dogs,20,48,49,51 and has been reported to be inherited in the GSD.47-51 TVS can be
identified with conventional radiography. However, contrast radiography (i.e.,
myelography and epidurography) may be needed to further diagnose the presence
of vertebral canal stenosis.18,52

In the presence of the TVS, the sacroiliac joint at the level of the anomalous
segment varies from a strong ilial attachment, with the presence of wing-like lateral
processes (symmetrical TVS) (Figure 5), to a weak ilial attachment with the
presence of wing-like and lumbar-like processes (asymmetrical TVS) (Figure 5).
The weakened sacroiliac joint may result in instability causing premature disc
degeneration.51 On the lateral radiographs, angulation of the floor of the vertebral
canal of the anomalous segment can be found compared to the normal lumbosacral
vertebra. An additional radiolucent disc space representing failure of the normal
union between the first and second sacral segments can be present (i.e.,
lumbarisation of the sacrum). On ventrodorsal radiographs, symmetrical TVS is
characterized by bilateral, wing-like sacral processes with a strong ilial attachment
from anomalous segment or lumbar-like lateral processes with a weaken ilial
attachment. Asymmetrical TVS is characterized by a unilateral, wing-like sacral
process and unilateral, lumbar-like lateral process from the anomalous segment.51

These anomalies greatly weaken the sacroiliac joint (bi- or unilateral) resulting in
instability that may cause compression of the cauda equina.

 Asymmetrical TVS is characterized by a large, flat process on one side
that appears to be solidly fused with the ilium, and a thin, lumbar-like transverse
process on the contralateral side. Dogs with TVS may develop asymmetrical
mobility at the lumbosacral junction, predisposing to the development of vertebral
instability and early disc degeneration.6,49
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TVS tends to cause abnormal lumbosacral motion that leads to reactive
skeletal changes, including sclerosis of the end plate, osteophyte development on
the articular facets, hypertrophy of the interarcuate ligament and articular facet
joint capsule, and bulging of the lumbosacral disc.29

 B  C

 A

Figure 5. The transitional vertebral
segment, a lateral radiograph of the
lumbosacral region of the dog (A), showing
an anomalous lumbal vertebra (arrow), a
ventrodorsal radiograph showing the
presence of wing-like lateral processes
(symmetrical TVS; B) and with the
presence of wing-like (arrowhead) and
lumbar-like processes (asymmetrical
TVS; C)

2.2.2.2 Sacral osteochondrosis

Osteochondrosis of the vertebral end plate is characterized by deformation
of the first sacral vertebral end plate with lipping or defect and osseous fragment (s),
bone erosion, osteophytes, and a decreased intervertebral disc space.13,53 Sacral
osteochondrosis occurs predominantly in German shepherds, and especially in
the male dog.53 The pathogenesis of sacral osteochondrosis in dogs remains unclear.
Osteochondrosis is a generalized disturbance of endochondral ossification in joint
cartilage and growth plates. Osteochondrosis of the vertebral end plate may cause
abnormal bone formation and subsequent fragmentation of the bony end plate.53-55

The abnormal shape of the end plate leads to increased mechanical stress on the
intervertebral disc. This could explain the high incidence of intervertebral disc
disease in sacral osteochondrosis. Sacral osteochondrosis may be associated with
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degenerative changes of the intervertebral disc and/or disc protrusion and may be
a congenital predisposition in the GSDs.53,54

2.2.2.3 Idiopathic lumbosacral stenosis

Idiopathic stenosis may be related to a primary lumbosacral stenosis in
which no definitive primary cause can be found. It is the result of anatomical
variations including shortened, thick pedicles, sclerotic laminae and articular facets,
thickening and infolding of the interarcuate ligament.11

2.3 Signalment

DLS is common in middle-large breed dogs7,8,11-13,28,34 and occurs more in
males than females.7,12,24,34,48,56 GSDs are frequently affected, but DLS has also
been identified in other breeds such as Great Dane, Labrador Retriever, Golden
Retriever, Airedale Terrier, and Boxer.28,34,57 It has been reported in middle-age dogs
between the age of 2 and 13 years, with an average of 6 to 7 years.7,12,25

2.4 History and clinical signs

The majority of dogs with DLS are presented with caudal lumbar pain.
Owners of dogs may report pelvic limb lameness, self-mutilation, difficulty rising,
reluctance to jump or climb, a low carriage of the tail, and/or urinary or fecal
incontinence.1,5-8,11,12,24,28,33,58-60  During physical examination of patients with DLS,
a thorough orthopedic and neurological examination is needed to assess the severity
of the nerve root problems and to rule out other orthopedic conditions that mimic
the clinical signs such as hip dysplasia or degenerative myelopathy.

The clinical signs of DLS in dogs has been well documented.1,6-8,25,61

Generally, clinical signs are directly related to the physical compression of the
cauda equina. Compression of the spinal roots results in lumbosacral pain,
discomfort, hyperesthesia of the lumbosacral region, difficulty rising, jumping
and/or getting into the car, and unilateral or bilateral pelvic limb lameness. The
most consistent finding in dogs with DLS is pain evoked by pressure applied over
the lumbosacral region.7,24,25,35,62

Clinical signs of neurologic dysfunction include lower motor neuron signs
in the pelvic limbs such as paresis or paralysis, hyporeflexia, hypotonia, or
denervation atrophy of muscle of the pelvic limbs. These signs may occur
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individually or in combination with other signs.25 The seriousness of the symptoms
depends on the duration and/or degree of the cauda equina compression. In severely
affected dogs, urinary and/or fecal incontinence may develop.25,63

2.5 Diagnosis

The diagnosis of DLS in dogs is based on the history, clinical signs,
orthopedic and neurological examinations. Imaging techniques of the lumbosacral
region are needed to further assess the patient with suspected lumbosacral stenosis.

There are other orthopedic diseases with clinical signs resembling DLS
such as canine hip dysplasia that is similar in symptomatology, and in age and
breed predisposition. Other orthopedic problems also may produce pelvic limb
lameness, such as cranial cruciate ligament rupture, psoas muscle injury, and
gracilis and semitendinosus contracture as mainly seen in GSDs. In case of true
orthopedic problems there are no neurologic deficits detected during the
neurological examination. When neurologic deficits are evident, the differential
diagnosis list of DLS may be extended with congenital anomalies like spina
bifida or dermoid sinus, degenerative myelopathy (also often seen in the GSD),
peripheral neuropathy, neoplasia (e.g., peripheral nerve sheath tumor), and
discospondylitis.25,35,62,64

2.5.1 Imaging techniques

Conventional radiography, stress radiography, myelography, epidurography,
transosseous and intravenous venography, discography, computed tomography
(CT), and magnetic resonance imaging (MRI) have been used for evaluating DLS
in dogs.18,21,22,28,46,52,61,65-82 As advanced imaging techniques become increasingly
available and less expensive, they are becoming standard diagnostic tools in
veterinary neurology.78,81,83 The advantages and disadvantages of imaging
modalities are presented in Table 2.

Conventional radiography is a fast, simple, relatively noninvasive, and
widely available technique that provides baseline information of the lumbosacral
region.3,8,9,20,33 The standard views for the spine are lateral and ventrodorsal
projections.68,78,84,85 A normal radiographic finding of the L7-S1 intervertebral disc
space is that often the ventral portion is wider than the dorsal portion (Figure 6).
The lumbosacral angle is defined as an angle between the horizontal level of the
spinal canal floor of the last lumbar vertebra and that of the sacrum. This
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lumbosacral angle varies among individuals and can be changed with flexion or
extension of the spine. The dorsal margins of the sacrum and L7 vertebra should
remain aligned, without step formation. With conventional radiography,
characteristic involvement of bone structures can be seen as neoplasia, trauma,
idiopathic lumbosacral stenosis and discospondylitis. However, radiological
examination of the cauda equina is complicated due to the complex anatomic
region,76 the nonspecific nature of commonly observed findings and the difficulty
of imaging soft tissue structures.13,18,20

Figure 6. Lateral radiograph of the

lumbosacral region of a dog showing

normal radiographic finding of the L7-

S1 intervertebral disc space

Stress radiography of the lumbosacral region including dynamic flexion/
extension studies are made with the lumbar spine in a neutral, fully flexed, and
fully extended position (Figure 7). In a neutral position, the disc space has minimal
wedging with the apex dorsal. Stress radiography may accentuate the lumbosacral
instability and enhance lumbosacral step formation.

Figure 7.   Stress radiography with contrast study showing the bulging of lumbosacral intervertebral disc

L7
S1

L7

S1 L7
S1
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Contrast radiography is a useful technique to visualize the soft tissue
encroachment on the cauda equina. Myelography is the technique of choice for
evaluating spinal cord compression. For myelography, nonionic contrast medium
is injected into the subarachnoid space at the cisterna magna or at a caudal lumbar
site (L5-L6).20,78  It has been reported to be successful in the diagnosis of DLS.18

However, the use of myelography in assessing the cauda equina is limited due to
the variation of the site of termination of the dural sac.81 The dural sac may end
between L6 and S1, or even more cranially in large dogs.3,13,18 However, the dural
sac extends into the sacrum in 80% of dogs.18 Also the contrast medium may not
adequately fill the subarachnoid space due to obstruction and/or leakage that can
impair visualization of the myelographic columns. The normal myelogram is
characterized by thin columns of contrast medium that are nearly parallel. At the
lumbosacral region the ventral subarachnoid space is normally wider than the
dorsal subarachnoid space. Lumbosacral stenosis may be present with a normal
myelogram (false negative finding).86  When the nucleus pulposus is affected, the
myelographic contrast column is deviated away from the site of disc protrusion.
Myelography is more sensitive than routine radiography for identifying the site(s)
of disc protrusion.87,88 The advantage of myelography is that it allows for
examination of the spinal cord cranial to the lumbosacral region. However, the
disadvantage is that myelography does not allow visualization of laterally
compressive lesions involving the intervertebral foramen or lateral recesses of
the spinal canal of the caudal spine.

In epidurography, the contrast medium is injected into the epidural space
at the lumbosacral or sacrococcygeal junction. Epidurography is technically easier
than myelography and has a relatively low morbidity.81 An epidurogram is
considered normal when contrast medium fills the epidural space and the column
of contrast medium is parallel to the ventral vertebral canal.89,90 An epidurogram
in dogs with significant cauda equina compression may include signs of narrowing,
elevation, deviation or obstruction of the epidural contrast-medium column that is
greater than 50% of the spinal canal diameter.89 Superimposition of structures,
adipose tissue or incomplete filling can make interpretation of the epidurogram
difficult.52,66,90

In discography, an amount of contrast medium is injected into the centre
of the intervertebral disc (nucleus pulposus).20,66,91 None or only a very small amount
of fluid can be injected in an intact disc. However, when the disc is degenerated,
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an amount of more than 0.3 ml contrast medium can be injected 66,91 (Figure 8).
Epidurography and discography may provide useful information. In previous
studies, the accuracy of discography for diagnosing lumbosacral disc protrusion
was 87-89%.66,80

Figure 8.  Lateral radiograph of
the lumbosacral region of a dog.
The epidurogram shows a bulging
disc and there is a positive
discogram (arrow).

L7 S1

Sinus venography may be used to assess the location of the venous
networks, the diameter of the sinuses and the flow of contrast medium. Contrast
medium is injected by inserting a needle into the vertebral body of the first
coccygeal vertebra. When compression is evident, the displacement of vessels,
narrowing of the sinuses and obstruction the cranial flow may be seen. Venography
is not routinely used and is more technically demanding than the above-mentioned
contrast studies, and has a relatively great risk of artefact production.81,90

Computed tomography (CT) is a digital imaging technique using x-ray
energy and computer processing to make cross-sectional images of structures. The
advantages of CT over conventional radiography are better soft tissue contrast
resolution, elimination of superimposition (i.e., provides the cross-sectional images),
and the ability to adjust image data as needed to improve visualization of
structures.46,69,73,81  On CT, the slice thickness can be chosen as needed and a set of
CT images can be reformatted to view structures in the sagittal, dorsal, or oblique
planes. Advanced computer processing techniques also allow for three-dimensional
reconstructions. The use of intravenous contrast medium may enhance the
diagnostic value of CT images.72 The findings of degenerative lumbosacral stenosis
on CT may include Hansen type II disc herniation, narrowing of the intervertebral
disc space, end plate sclerosis, spondylosis deformans, end plate fragmentation,
vacuum phenomenon, and hypertrophy of ligamentum flavum and/or joint
capsules.
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Hansen type II disc herniation is characterized by circumferential bulging
of the annulus that may be associated with loss of epidural fat due to canal
encroachment by protrusion of disc material (Figure 9). Vacuum phenomenon is
air opacity that can be seen within the intervertebral disc or vertebral endplates.43,44

They are formed when nitrogen gas is forced out of the disc under pressure.
Fragmentation of the vertebral endplate may occur with severe degenerative disc
disease or pre-existing sacral osteochondrosis.53 CT is often less sensitive than
MRI for discriminating soft tissues within the spinal canal.78 However, CT is more
sensitive than MRI for soft tissue calcifications, cortical bone spurs, and
degenerative changes in the articular process joints.

Figure 9.  Transverse images of a CT scan
through the lumbosacral intervertebral disc space
of a dog. Severe intervertebral disc bulging is
evident (arrow), and the dural sac and nerves
are displaced dorsally. There is gas accumulation
(vacuum phenomenon;arrowhead).

Magnetic resonance imaging (MRI) is a non-invasive imaging technique
using a strong magnetic field and pulses of radiofrequency energy causing tissues
to emit characteristic energy signals.92 It provides visualization of the intervertebral
disc, ligaments, nerve roots and pathologic changes of the lumbosacral region.
The advantage of MRI over CT is providing better soft tissue resolution, the ability
to acquire sagittal and dorsal plane images without degradation of the image due
to reformatting, and detection of disc degeneration.65,67,74 The MR findings in dogs
with DLS may include intervertebral disc protrusion, dural sac and/or nerve root
displacement, disc degeneration and loss of epidural fat (Figure 10), which is
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similar to those of lumbar disc disease and stenosis in humans.65 Disc degeneration
is characterized by a decreased T2 signal intensity within the nucleus pulposus 65,67,74

(Figure 11).

Figure 10.   Transverse magnetic resonance images at
the level of the lumbosacral intervertebral disc
demonstrating severe disc bulging (arrow), and dorsal
displacement of the dural sac and nerve tissue.

Figure 11. Sagittal magnetic resonance images of
the lumbosacral region of a dog with lumbosacral
stenosis. The T1-weighted (top) and T2-weighted
(bottom) midsagittal images demonstrate severe
disc bulging at L7-S1 (arrow), attenuation of
epidural fat in the T1-weighted. In the T2-weighted
image there is loss of signal intensity of the L7-S1
disc indicating disc degeneration.
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On T1-weighted images, the intervertebral disc is of a uniform medium
signal intensity, slightly greater than that of the spinal cord, nerve roots, and bone
marrow. Epidural fat has very high signal intensity and appears bright white.
On T2-weighted images, normal intervertebral discs consist of a high signal nucleus
pulposus surrounded by a medium signal annulus fibrosus. The variation in signal
intensity is related to the concentrations of ground substance which contains
hyaluronic acid and glycosaminoglycans, which in turn attract and hold water.
The nucleus pulposus normally possesses the highest concentration of ground
substance, and therefore reveals the most prominent T2 signal intensity.

2.5.2 Electrodiagnosis

Electrodiagnostic procedures have contributed to the certainty of diagnosis
of neurological and neuromuscular diseases in animals.80,93 The use of
electrodiagnosis can assist in localizing the abnormalities to specific spinal nerve
roots.80,94 However, the technique is limited by equipment costs and training of
personnel.

Electromyography (EMG) is a diagnostic tool that can be used to detect
denervation of muscles innervated by nerves involved in lumbosacral disease.95

It has been performed for decades in man, to enable clinical discrimination between
myogenic and neurogenic disorders. In veterinary neurology EMG has been applied
to differentiate between spinal cord lesions, peripheral nerve disorders, and
musculoskeletal diseases.95 The presence of denervation diagnosed by EMG can
support the suspicion of CES, but a normal EMG does not rule out the disease.63

Abnormal electromyogram can be caused by disease processes in muscle fibers
or motor neurons. EMG examination in dogs suspected of DLS may be indicated
as an additional examination when the clinical examination fails to secure the
diagnosis.

Somatosensory evoked potentials (SEPs) can be used for evaluating
neurological diseases and provide information about lesion location. When sensory
receptors are stimulated at specific locations in the body (soma), the arrival of
impulses can be monitored with strategically placed electrodes. It has been well
documented that the SEPs reveal neurological abnormalities (reduction in
amplitude and delay in latency) before clinical occurrence of neurological deficits.96

With increasing compression, motor and sensory deficits occur. The effects of
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cauda equina compression on SEPs in dogs by stimulation of the sciatic nerve,97

and of the dorsal medial nerves innervating the tail in dogs98 reflect the activities
of ascending neuronal pathways over the first sacral, and coccygeal spinal
segments, respectively. SEPs investigation is useful in the evaluation of sensory
nerve root involvement in DLS. Reports on the SEPs evoked by stimulation of the
tibial nerve in dogs with DLS are not available in the literature.

2.5.3 Force plate analysis

Measurement of ground reaction forces using force plate analysis (FPA) is
a noninvasive, objective measurement of the locomotion in humans and
animals.99,100  FPA provides accurate and reproducible data on the function of
each limb. It is currently used in dogs, primarily as a research tool to objectively
assess gait abnormalities and efficacy of surgical 99,101-108 and medical treatment.108-112

Reports of the use of FPA to study the locomotion in dogs is limited to abnormalities
of the appendicular skeleton; a summary is presented in Table 3, 4 and 5.
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2.6 Treatment

2.6.1 Conservative treatment

The conservative treatment of DLS consists of the use of non-steroidal anti-
inflammatory drugs or steroids, changing and/or restricting the exercise pattern
(e.g., leash walking) and body weight reduction in case of obesity. Working dogs
may be advised to stop their working activity which may resolve the symptoms.
However, conservative treatment does not eliminate the underlying cause of the
disease and clinical signs may reoccur when exercise is resumed or medications
are stopped.13,25

2.6.2 Surgical treatment

Surgical treatment of DLS is indicated in cases with moderate to severe
caudal lumbar pain unresponsive to conservative treatment, and in case of
neurological deficits. The aim of the surgery is to decompress the cauda equina
and free nerve roots that may be entrapped by connective tissue. The surgical
procedures may include dorsal laminectomy that can be combined either with
dorsal fenestration, partial discectomy, facetectomy, and/or foraminotomy.3,24,28,157

When subluxation of the lumbosacral joint is present, stabilization by fixation
and fusion may be needed. Several stabilization techniques in dogs have been
reported, including cross pin fixation,36,42,158 vertebral body fixation with a lag
screw, as well as fixation and fusion using screws in the pedicles fixed with a
bone cement bridge.29

2.6.2.1 Dorsal laminectomy

Dorsal laminectomy is the method of choice for exploration and for
decompression of lumbosacral region (Figure 12).159 The dog is positioned in sternal
recumbency with the lumbosacral spine in neutral position between flexion and
extension. The pelvic limbs are in frog position with the hock joints level with the
ischiatic tuberosities to widen the interarcuate space and the dorsal annulus. After
preparation of the surgical area and palpation of the important landmarks (between
the cranial dorsal iliac spine and the spinous process of L6), an incision is made
from the dorsal spinous process of L5 to the caudal end of the fused spinal processes
of the sacrum. The epaxial muscles are distracted from the dorsal spinous processes.
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The dorsal spinous processes of L7 and S1 are removed with rongeurs. The laminar
bone of L7 and S1 is removed with a motorized burr and the ligamentum flavum
is excised. The cauda equina nerve roots are identified and inspected for swelling
and adhesions. In case of severe disc protrusion, a dorsal fenestration and partial
discectomy of the anulus fibrosus and nucleal pulpectomy can be performed
(Figure 13).When the nerve root is compressed by enlarged facets or within the
intervertebral foramen, facetectomy and/or foraminotomy may be needed. After
decompression an autogenous fat graft is harvested from the subcutis and is
transplanted to the laminectomy site to prevent dural adhesion and new bone
formation at the defect site.160,161

Figure 12. The dorsal laminectomy at the level
of lumbosacral junction

Figure 13. The cauda equina is identified and
inspected for swelling and adhesions (A), and
the cauda equina is being retracted carefully
by a nerve hook to allow a bulging disc
(arrowhead) to be fenestrated (B). Partial
discectomy is completed by removing nucleus
pulposus through the window of annulus (C).

A B

C

L7 S1
L7 S1

L7 S1
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2.6.2.2 Lumbosacral fixation with pedicle screws

Lumbosacral fixation with pedicle screws aims at the reduction and
stabilization of spondylolisthesis, which is the cause of caudal lumbar pain in
humans.162,163 In dogs with DLS, the lumbosacral region may be instable after
dorsal laminectomy or after trauma. Therefore, pedicle screw fixation may be
needed.

The position of the dog and the surgical area are similar to the procedure
for dorsal laminectomy of the lumbosacral region. Anatomical landmarks for
pedicle screws insertion are at the junction of the isthmus and the cranial articular
process of L7, and at the intersection of a vertical line tangential to the lateral
border of the S1 articular process and a horizontal line caudal to the cranial articular
process of S1. Following insertion of the pedicle screws the appropriate rods are
contoured and locked on the pedicle screw heads (Figure 14).

Figure 14. The lumbosacral junction is
stabilized using pedicle screw-rod fixation.
The screws are placed into the L7 and S1
pedicles with aligned along the same
longitudinal axis. Two titanium rods are
placed for fixation.

2.6.2.3 Dorsal distraction fusion-fixation

Dorsal fusion-fixation or the distraction-fusion technique has been advocated
as an alternative procedure to decompressive surgery. The principle is to enlarge
the collapsed lumbosacral intervertebral space and foramina, relieve the pressure
on neural tissues, and stabilize the lumbosacral joint.36,42,158 Distraction of the
dorsal aspect of L7 and S1 is achieved using pins or screws placed through the
articular processes of L7 and S1 and into the sacral body. Fixation is achieved by
embedding the pin ends or screw heads in polymethyl methacrylate which, when
hardened, acts as internal fixator bars. Fusion is promoted by removing the articular
cartilage from the facet joints and by placing a cancellous bone graft over the
dorsal laminae.36,158 This procedure may be combined with dorsal laminectomy.158

L7 S1
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2.6.2.4 Dorsal cross pinning and fusion

Dorsal cross pinning and fusion aims to relieve the compression on cauda
equina and nerve roots exiting through the intervertebral foramina. Pins are driven
from craniodorsal through the base of the spinous process of L7, across the synovial
joints into the wings of both ilia.164 The success rate reported in the literature is
high for animals in which there is only pain.

2.6.3 Complications

Seroma formation and subsequent wound infection can occur in the
lumbosacral region when dead space is left.7,12,34,157 Complications of fixation
techniques are implant failure and destabilization.36,165 It is important to achieve
an adequate but not excessive degree of distraction, and the fixation devices must
be positioned properly.

2.6.4 Postoperative management

Postoperative management consists of cage confinement and medical
treatment with NSAIDs. Long-term NSAIDs has been suggested to reduce
postoperative scarring and improve outcome.166 The dogs should be confined for
the first 6 weeks after surgery and only short walks on the leash are allowed,
followed by a gradual increase in exercise activity during postoperative week 7
through 12.29

2.6.5 Prognosis

The prognosis of surgical treatment of DLS is dependent on the cause of
cauda equina compression and the severity of the signs prior to surgery. Surgical
outcome has been reported in studies and ranged from 41 to 78% 7,12,24,63 although
these results have not been objectivated. Dogs with mild clinical signs are reported
to have an excellent prognosis and can return to full function. However, dogs with
neurological deficits including severe urinary and fecal incontinence have a poor
prognosis.63 Clinical signs recurred in up to 18% of dogs after dorsal laminectomy
and can be explained by compression of neural structures due to remnant instability,
new bone formation in the laminectomy site or scar tissue proliferation within the
spinal canal.24,63 The latter however, can be adequately prevented by a
biodegradable barrier or a fat graft covering of the cauda equina.10,160
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Summary

Medical records of 156 dogs with degenerative lumbosacral stenosis (DLS) that
underwent decompressive surgery were reviewed for signalment, history, clinical
signs, imaging and surgical findings. The German Shepherd dog (GSD) was most
commonly affected (40/156, 25.6%). Pelvic limb lameness, caudal lumbar pain
and pain evoked by lumbosacral pressure were the most frequent clinical findings.
Radiography showed lumbosacral step formation in 78.8% (93/118) of the dogs
which was associated with elongation of the sacral lamina in 18.6% (22/118).
Compression of the cauda equina was diagnosed by imaging (epidurography, CT,
or MRI) in 94.2% (147/156) of the dogs. Loss of the bright nucleus pulposus
signal of the L7-S1 disc was found on T2-weighted MR images in 73.5% (25/34) of
the dogs. The facet joint angle at L7-S1 was significantly smaller, and the tropism
greater in GSD than in the other dog breeds. Abnormal facet joint conformation
may predispose the GSD for DLS. Epidurography, CT, and MRI allow adequate
visualization of cauda equina compression. During surgery, disc protrusion was
found in 70.5% (110/156) of the dogs. Overall improvement after surgery was
recorded in 79.0% (83/105) of the dogs. Responses to questionnaires to owners
up to five years after surgery, revealed improvement of the clinical signs in 76%
(29/38) of the dogs.
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Introduction

Degenerative lumbosacral stenosis (DLS) is the most common cause of
cauda equina syndrome in dogs. The condition includes lumbosacral Hansen type
II intervertebral disc degeneration and protrusion, sclerosis of the vertebral end
plates and articular processes, ventral subluxation of the sacrum, and hypertrophy
of the ligamentum flavum and joint capsules (1-4). DLS leads to compression and
entrapment of cauda equina nerve roots. The clinical signs include caudal lumbar
pain, pelvic limb lameness, reduced endurance, reluctance to perform activities
such as jumping, rising and climbing stairs, and neurological deficits like urinary
and fecal incontinence and self mutilation (2, 5, 6).

Diagnosis of DLS is based on the history, clinical signs, clinical
examination, and imaging. Imaging techniques that have been used include
radiography, myelography, vertebral venography, epidurography, computed
tomography (CT), and magnetic resonance imaging (MRI) (7-9). The most common
surgical treatment of DLS consists of dorsal laminectomy. Additional surgical
procedures to further relieve cauda equina compression include dorsal fenestration
(i.e., incision and removal of dorsal annulus) and partial discectomy with nucleus
pulpectomy (10-12). Facetectomy and foraminotomy have been described to further
relieve lateralized cauda equina root compression (12-14). Surgical techniques
that stabilize L7 and S1 include distraction-fusion procedures, cross-pin fixation,
vertebral body fixation with a lag screw, and pedicle screw fixation (15-17).

The aim of this study was to analyze the signalment, clinical signs, imaging
findings and surgical findings of a large group of dogs with DLS treated by
decompressive surgery and to identify predictors for outcome after decompressive
surgery.

Materials and Methods

The medical records of 156 dogs that were treated surgically for DLS at
the Department of Clinical Sciences of Companion Animals, Utrecht University
between 1989 and 2004 were reviewed. The written medical records and imaging
studies were retrieved from the patient archives and reviewed in a protocolized
manner. Dogs with other lumbosacral diseases than DLS such as discospondylitis,
neoplasia, and traumatic injuries were excluded. Collection of data included
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signalment, history, findings on clinical examination (18), results of imaging
studies, surgical findings and follow-up evaluation.

The retrospective study spanned a period of 15 years during which time
CT and MRI became available at the university clinic. Imaging studies
(radiography, myelography, epidurography, discography, CT and MRI) were
reviewed by one investigator (NS) without knowledge of the surgical findings.
Contrast medium (Iopamiro 200, Bracco Altana Pharma GmbH) was injected in
the subarachnoid space between L4-L5 for myelography (0.3 ml/kg), in the epidural
space between L7-S1 or S3-Cd1 for epidurography (0.2 ml/kg), and in the nucleus
pulposus of L7-S1 for discography. In case of epidurography and myelography,
additional radiographs were taken with the lumbosacral spine in flexion and
extension. CT was performed with a third-generation CT scanner (Tomoscan CX/
S, Philips NV) with the dog in sternal recumbency and the pelvic limbs extended
caudally. Contiguous 2-mm-thick CT slices were obtained from the middle portion
of the last lumbar to the caudal sacral vertebrae. MRI was performed using a 0.2
Tesla open magnet (Magnetom Open Viva, Siemens AG) with the dog in the same
position as for CT. Three-mm-thick contiguous sagittal T1- and T2-weighted and
transverse T1-weighted images were made. The following data were recorded:
lumbosacral stenosis (measured by the lumbosacral canal ratio), lumbosacral step
formation (measured by the lumbosacral step), telescoping of the cranial spinal
canal of the sacrum relative to the caudal spinal canal of L7, degree of spondylosis
deformans, narrowed intervertebral disc space, end plate sclerosis, transitional
vertebral segments (TVS), vacuum phenomenon, osteochondrosis, discographic
findings, degree and location of disc protrusion, position of dural sac (center, lateralized
left or right), presence or absence of epidural fat dorsal to the dural sac, and spinal
nerve root swelling. Disc protrusion was graded on CT and MRI as percentage
obstruction of the spinal canal by the bulging disc on transverse and sagittal images
(none, slight: <25%, moderate: 25-50%, severe: > 50%). The signal intensity of
the nucleus pulposus on T2-weighted MR images was graded (normal, reduced,
absent). On lateral radiographs, sagittal CT reconstructions and sagittal MR images,
the lumbosacral canal ratio and step were measured. Telescoping of the cranial
spinal canal of the sacrum relative to the caudal spinal canal of L7 was recorded
as described previously (19). The sacral lamina was elongated when the cranial
end of the sacral lamina reached up to or under the caudal end of the lamina of L7.
The lumbosacral canal ratio was defined as the ratio between the spinal canal
height at the cranial end plate of the first sacral vertebra and the height of the
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spinal canal at the caudal end plate of the last lumbar vertebra (Figure 1). The
lumbosacral step was measured as the distance in millimeters between the
horizontal level of the spinal canal floor of the last lumbar vertebra and that of the
sacrum (Figure 1). Measurements from radiographs were performed using a Vernier
caliper with a scale that was accurate to 0.1 mm, and corrected for geometric
magnification. The CT and MRI computer software were used for CT and MRI
measurements. The left and right facet joint angle at L7-S1 between the midsagittal
line and a line parallel with the cranial articular process (Figure 2) was measured
in transverse CT images at the middle of the lumbosacral junction in 16 German
Shepherd dogs (GSD), 7 dogs of other Shepherd breeds, and 17 dogs of other
breeds (6 Golden Retrievers, 5 Labrador Retrievers, 3 Rottweilers, 3 Bernese
Mountain dogs). Facet joint tropism, defined as the difference (in degrees) between
the left and right facet joint angles (20), was determined.

Figure 1.  A: Lumbosacral step - the
distance between a line on the bottom  of
the spinal canal of L7 and the sacrum,  B:
Height of the spinal canal at the caudal end
plate of L7, C: Height of the spinal canal at
the cranial end plate of S1.

Figure 2.   The facet joint angle was
measured between the midsagittal line (A)
and the line connecting the edges of the
cranial articular process (B) in the
transverse plane.



Chapter  3

��

All dogs underwent dorsal laminectomy; details of additional
decompressive procedures to further relieve cauda equina compression were
recorded. Surgical findings were obtained from the written surgical reports, i.e.,
disc protrusion, presence or absence of epidural fat dorsal to the dural sac and
spinal nerve root swelling. The surgical findings were assessed subjectively by
the surgeon. Results of microbiological and histopathological examinations were
obtained from the medical records.

The follow-up data were collected from medical records or by using
questionnaires to owners. The follow-up data recorded in the medical records was
obtained by re-examination of the dog and interviewing the owners by telephone.
Questionnaires for follow-up evaluation were sent to 51 owners of dogs with DLS
that underwent surgical treatment within the last 5 years. The questionnaire
included questions regarding the history and clinical signs before surgery, the
status of neuro-orthopedic functioning after surgery, and satisfaction of the owner
with the result of surgery. The questionnaire contained questions that resulted in
YES or NO answers, free text answers, and answers on a 5-point frequency scale
(i.e., 1-5: ranging from "always" to "never") or a 5-point qualitative scale (i.e., 1-5:
ranging from "very bad" to "very good"). In 38 cases useful and reliable responses
to the questionnaires were returned for analysis.

The data were pooled in a database and analyzed. Statistical analysis was
performed using SPSS 11 for Windows (SPSS Inc, Chicago). The numerical data
were presented as mean ± standard deviation (SD) (i.e., lumbosacral canal ratio,
lumbosacral step, facet joint angle and tropism). The lumbosacral canal ratios
were not normally distributed. The Friedman’s test followed by the Wilcoxon signed
ranks test was used to compare the lumbosacral canal ratio. The Kruskal-Wallis H
test was used followed by Mann-Whitney U test to compare the facet joint angles
and tropism at the lumbosacral junction. Correlation between facet joint tropism
and disc degeneration was tested by the Fisher's exact test. A P value for multiple
comparison was corrected for Wilcoxon signed ranks test and Mann-Whitney U
test. The logistic regression model was used to test the correlation between outcome
after surgery and the following parameters: type of clinical signs (i.e., pelvic limb
lameness, lumbosacral pain, atrophy of the thigh muscles of the pelvic limbs and
urinary incontinence), the duration of clinical signs before surgery, the imaging
findings (i.e., lumbosacral step, lumbosacral canal ratio, degree of disc protrusion
and spinal nerve root swelling), and the type of surgical decompressive procedure.
A P value < 0.05 was considered significant.
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Results

Signalment, history, and clinical findings

There were 99 (63.5%) male dogs (65 intact, 34 neutered) and 57 (36.5%)
female dogs (26 intact, 31 neutered), (M: F ratio 1.7:1) with a mean (± SD) age of
5.8 ± 2.5 years, and a mean (± SD) body weight of 34.2 ± 10.8 kg. Mean body
weight of male dogs was higher than that in female dogs for the GSD, Golden
Retriever, Bouvier des Flandres, Rottweiler, Bernese Mountain dog, Great Dane
and Border Collie. Type of dogs included companion animals (138/156, 88.5%),
aid dogs (8/156, 5.1%), and working dogs (10/156, 6.4%). The GSD was the most
commonly (40/156, 25.6%) affected breed (Figure 3).

Figure 3.  Breed distribution of 156 dogs with DLS
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The most common clinical sign of the dogs with DLS was pelvic limb
lameness (unilateral or bilateral), including stiffness, narrowed, and swinging gait.
Owners frequently noticed reluctance with jumping into the car, getting up or to
climbing stairs, and difficulty with assuming a sitting position. The duration of
clinical signs before referral ranged from 5 days to 3 years (median, 9.5 months).
On clinical examination the dogs revealed caudal lumbar pain and pain evoked
by lumbosacral pressure (104/156, 66.7%). Atrophy of the thigh muscles of the
pelvic limbs was present in 30.8% (48/156) of the dogs (Table 1).

Table 1. History, clinical signs, and results of clinical examinations in 156 dogs
with DLS

History / clinical signs N (%)

Pelvic limb lameness 92/156 (59.0)
Pelvic limb weakness 54/156 (34.6)
Abnormal gait of pelvic limb 75/156 (48.1)
Caudal lumbar pain 65/156 (41.7)
Hypersensitive caudal lumbar spine 24/156 (15.4)
Difficulty sitting down 36/156 (23.1)
Reluctance in getting up 79/156 (50.6)
Difficulty climbing stairs 46/156 (29.5)
Difficulty jumping 83/156 (53.2)
Urinary incontinence  9/156 (5.8)
Urinary pain  8/156 (5.1)
Fecal incontinence  2/156 (1.3)
Fecal pain 20/156 (12.8)

Results of clinical examination

Pelvic limb lameness 64/156 (41.0)
Posterior paresis 37/156 (23.7)
Pain evoked by lumbosacral pressure 104/156 (66.7)
Pain on hyperextension of the caudal lumbar spine 107/156 (68.6)
Pain on hip joint extension 65/156 (41.7)
Pain on tail extension 5/156 (3.2)
Atrophy of the thigh muscles of the pelvic limbs 48/156 (30.8)

Imaging findings

Radiographs were available for analysis in 132 dogs. Radiographic
abnormalities were seen in 89.4% (118/132) of the dogs (Table 2) of which 29.7%
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(35/118) were GSD. The lumbosacral step was seen in 78.8% (93/118) of the
dogs. Telescoping of the cranial spinal canal of the sacrum relative to the caudal
spinal canal of L7 was present in 21.2% (25/118) of the dogs of which 52.0% (13/25)
were GSD. In twenty-two dogs (22/118, 18.6%) a lumbosacral step and telescoping
of the cranial spinal canal of the sacrum relative to the caudal spinal canal of L7
were found (Table 3) and 12 of these affected dogs (54.5%) were GSD. Spondylosis
deformans was seen in 66.9% (79/118) of the dogs and a narrowed intervertebral
lumbosacral disc space in 18.6% (22/118) of the dogs (Figure 4). End plate sclerosis
was seen in 17.8% (21/118) of the dogs, of which 19.0% (4/21) was associated
with disc degeneration. The mean ± SD age of dogs with end plate sclerosis (male;
6.4 ± 2.6 years, female; 6.5 ± 2.2 years) was higher than that in dogs without end
plate sclerosis (male; 5.8 ± 2.3 years, female; 5.2 ± 2.5 years). Thirteen dogs (4 GSD,
1 Belgium Shepherd and 8 dogs of other breeds) had TVS at the lumbosacral
junction (5 symmetrical and 8 asymmetrical). Cauda equina compression was
diagnosed in 9 of 12 dogs (75.0%) in which myelography was performed and in
54 of 55 dogs (98.2%) in which epidurography was performed (Figure 5).

Figure 4. Lateral radiograph of the
lumbosacral region of a dog showing
a lumbosacral step (sacrum subluxated
ventral to L7), telescoping of the
sacrum relative to L7, extensive
spondylosis deformans, a narrowed
intervertebral disc and the vacuum
phenomenon (arrow).

Figure 5.   Lateral radiograph of the
lumbosacral region of a dog. The
epidurogram shows a bulging disc and
there is a positive discogram (arrow).
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Table 2. Imaging findings on conventional and contrast radiography in dogs with
DLS

Radiography (n =132) N (%)

Normal radiographic findings 14/132 (10.6)
Abnormal radiographic findings 118/132 (89.4)

Step formation L7-S1 93/118 (78.8)
Telescoping of the sacrum relative to L7 25/118 (21.2)

Spondylosis at L7-S1
- Slight 23/118 (19.5)
- Moderate 20/118 (16.9)
- Severe, bridging 16/118 (13.6)
- Severe, non-bridging 20/118 (16.9)

Narrowed intervertebral disc space 22/118 (18.6)
End plate sclerosis 21/118 (17.8)
Transitional vertebral segment 13/118 (11.0)
Vacuum phenomenon 15/118 (12.7)
Osteochondrosis 1/118 (0.8)

Myelography (n=12)

Compression on cauda equina
- No compression 3/12 (25.0)
- Compression 9/12 (75.0)

Epidurography (n=55)

Compression on cauda equina
- No compression 1/55 (1.8)
- Slight compression 26/55 (47.3)
- Moderate compression 19/55 (34.5)
- Severe compression 9/55 (16.4)

Discography (n=29)

Normal disc 4/29 (13.8)
Ruptured disc 25/29 (86.2)
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Table 3. Telescoping of the sacrum relative to L7 and lumbosacral step on
radiographs in dogs with DLS (n =118)

Telescoping of the sacrum relative to L7                           lumbosacral step (%)

+ -

+ 22 (18.6) 3 (2.5)

- 71 (60.2) 22 (18.6)

CT was performed in 115 dogs and MRI in 34 dogs including 32 dogs that
had both CT and MRI. Disc protrusion was detected by CT (106/115, 92.2%) and
MRI (34/34, 100%) and was central or lateralized (Table 4, Figure 6, Figure 7).
The vacuum phenomenon was detected on CT images (42/115, 36.5%), but was
not detectable on MR images. Loss of the bright signal of the nucleus pulposus at
L7-S1 on T2-weighted MR images was seen in 73.5% (25/34) of the dogs (Figure 8).

Figure 6.  Transverse images of a CT scan
through the lumbosacral intervertebral disc space
of a dog. Severe intervertebral disc bulging is
evident. There is a suspected calcified disc
fragment (black arrow), and the dural sac and
nerves are displaced dorsally. There is right sided
ventrolateral spondylosis and gas accumulation
(vacuum phenomenon; white arrow).
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Parameters CT, N (%)          MRI, N (%)

Step formation at L7-S1 69/115 (60.0) 18/34 (52.9)
Degree of spondylosis at L7-S1

- None 44/115 (38.3) 18/34 (52.9)
- Slight 15/115 (13.0) 4/34 (11.8)
- Moderate 20/115 (17.4) 4/34 (11.8)
- Severe 36/115 (31.3) 8/34 (23.5)

Symmetrical spondylosis 43/71 (60.6) 10/16 (62.5)
Asymmetrical spondylosis 28/71 (39.4) 6/16 (37.5)
Vacuum phenomenon 42/115 (36.5)      ND
Disc protrusion  106/115 (92.2) 34/34 (100.0)
- Degree of disc protrusion

- Slight 34/106 (32.1) 17/34 (50.0)
- Moderate 48/106 (45.3) 7/34 (20.6)
- Severe 24/106 (22.6) 10/34 (29.4)

- Location of disc protrusion
- Center 67/106 (63.2) 24/34 (70.6)
- Lateralized Left 19/106 (17.9) 4/34 (11.8)
 - Lateralized Right 20/106 (18.9) 6/34 (17.6)

Position of dural sac
- Center 51/115 (44.3) 18/34 (53.0)
- Lateralized Left 30/115 (26.1) 8/34 (23.5)
- Lateralized Right 34/115 (29.6) 8/34 (23.5)

Epidural fat dorsally dural sac
- Absent 12/115 (10.4) 7/34 (20.6)
- Present  103/115 (89.6) 27/34 (79.4)

Swelling of spinal nerve roots 65/115 (56.5) 16/34 (47.1)
- Left 14/65 (21.5) 6/16 (37.5)
- Right 25/65 (38.5) 3/16 (18.8)
- Bilateral 26/65 (40.0) 7/16 (43.8)

NP signal intensity on T2 at L7-S1    ND
- Normal 5/34 (14.7)
- Reduced 8/34 (23.5)
- Absent 17/34 (50.0)
- Unknown 4/34 (11.8)

NP: Nucleus pulposus; ND: Not detectable

Table 4. Imaging findings on CT (n=115) and MRI (n=34) in dogs with DLS
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Figure 7. Transverse MR images at the level of the
lumbosacral intervertebral disc demonstrating severe
disc bulging (arrow), and dorsal displacement of the
dural sac and nerve tissue.

Figure 8.   Sagittal MR images of the lumbosacral
region of a dog with lumbosacral stenosis. The T1-
weighted (top) and T2-weighted (bottom) midsagittal
images demonstrate severe disc bulging (arrow) at  L7-
S1, attenuation of epidural fat in the T1-weighted. In
the T2-weighted image there is loss of signal intensity
of the L7-S1 disc indicating disc degeneration.
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L7-S1 joint GSD Other Shepherd breeds Other dogs breeds
(n=16) (n=7)     (n=17)

Facet joint angle 31.2 ± 5.0 * 37.6 ± 4.8 38.0 ± 5.1

Facet joint tropism 3.4 ± 1.7 * 1.9 ± 0.4 1.6 ± 0.9

* Significantly (P<0.016) different from angle/tropism in other Shepherd dogs and dogs of
other breeds

The mean ± SD of the lumbosacral step was 2.85 ± 0.97 mm on radiography,
2.12 ± 0.84 mm on CT, and 2.45 ± 0.75 mm on MRI. The lumbosacral canal ratio
measured on radiographs (0.69 ± 0.12) was significantly lower than that on CT
(0.73 ± 0.11) and MRI (0.89 ± 0.10) (P< 0.016). The mean ± SD of the facet joint
angle in GSD was significantly smaller than that of other Shepherd breeds and
that of dogs of other breeds (Table 5). Facet joint tropism at L7-S1 in GSD was
significantly greater than that of the other breeds (P<0.016). There was no
significant correlation between the presence of tropism and disc degeneration.

Table 5. Facet joint angles and tropism (degrees) at L7-S1 measured on transverse
CT images

Surgical findings

Dorsal laminectomy was performed in all 156 dogs and extended from L7
to S1 in 85.9% (134/156), from L6 to L7 in 4.5% (7/156), and from L6 to S1 in 9.6%
(15/156) because of concomitant cauda equina compression at L6-L7 and L7-S1
(Table 6). Dorsal fenestration was performed in 50.0% (78/156) which included
partial discectomy and nucleus pulpectomy in 35.3% (55/156) of the dogs to further
relieve compression. In addition to dorsal laminectomy, facetectomy was performed
in 6.4% (10/156) and foraminotomy was performed in 5.1% (8/156) of the dogs
to further relieve lateralized cauda equina root compression. Disc protrusion (HNP
type II) was found in 70.5% (110/156) of the dogs. Adhesions between cauda
equina and disc material and/or fat tissue were recorded in 11.5% (18/156) of the
dogs.
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Surgical procedure N (%)

Dorsal laminectomy 156/156 (100)
    Site:     L7-S1 134/156 (85.9)
                L6-L7 7/156 (4.5)
                L6-S1 15/156 (9.6)

Dorsal fenestration 78/156 (50.0)
Partial discectomy 55/156 (35.3)
Facetectomy 10/156 (6.4)
Foraminotomy 8/156 (5.1)

Surgical findings

Disc protrusion 110/156 (70.5)
Degree of disc protrusion

- Slight 8/110 (7.3)
- Moderate 35/110 (31.8)
- Severe 23/110 (20.9)
 - Unknown 44/110 (40.0)

Location of disc protrusion
- Center 16/110 (14.5)
- Lateralized Left 11/110 (10.0)
- Lateralized Right 15/110 (13.6)
 - Unknown 68/110 (61.8)

Position of dural sac
- Center 10/156 (6.4)
- Lateralized Left 3/156 (1.9)
- Lateralized Right 2/156 (1.3)

      - Unknown 141/156 (90.4)
 Epidural fat dorsally dural sac

- Absent 23/156 (14.7)
- Present 30/156 (19.2)

       - Unknown 103/156 (66.0)
Swelling of spinal nerve roots

- Left 5/156 (3.2)
- Right 6/156 (3.8)
- Bilateral 24/156 (15.4)
 - Unknown  121/156 (77.6)

Hypertrophy of ligamentum flavum 17/156 (10.9)

Table 6. Surgical procedure and findings in 156 dogs with DLS
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During surgery, disc material was collected in 33.3% (52/156) of the dogs
for microbiological examination. Bacterial culture was positive in 23.1% (12/52)
with Bacillus spp. (4/12, 33.3%), and Staphylococcus intermedius (3/12, 25.0%)
as the most common bacteria. Histopathological examination was conducted in
35.9% (56/156) of the dogs. Specimens that were examined included the
ligamentum flavum (22/56, 39.3%), disc material (8/56, 14.3%), and other tissues
(26/56, 46.4%) like epidural fat, affected neural tissue, or bone fragments. The results
showed inflammation and degenerative changes in 50.0% (28/56) of the dogs.

Follow up

Medical records

Follow-up information from the medical records was available in 67.3%
(105/156) of the dogs. The follow-up period for these dogs ranged from 2 months
to 3.5 years (median, 1.6 years). Overall improvement after surgery was recorded
in 79.0% (83/105) of the dogs. With respect to the clinical signs, caudal lumbar
pain was relieved in 68.8% (22/32) of dogs; lameness of pelvic limbs improved in
65.2% (30/46); getting up improved in 66.7% (40/60); jumping improved in 68.5%
(37/54); walking stairs improved in 69.2% (18/26); toe dragging improved in 66.7%
(18/27); atrophy of the thigh muscles of the pelvic limbs improved in 56.8%
(21/37); and urinary incontinence improved in 50% (4/8) of the dogs.

In 83 of 105 dogs (79%), improvement was recorded in all the clinical
signs whereas no improvement was recorded in 22 of 105 dogs (21%). Logistic
regression revealed that it was 1.4 times more likely to have no improvement
after surgery when the age of the dog increased with 1 year (P = 0.007). The type
and duration of clinical signs before referral were not significantly correlated
with outcome after surgery.

For dogs with urinary incontinence before surgery it was 3.6 times more
likely to have no improvement after surgery, but the result in this study was not
statistically significant (P = 0.118). Dogs that underwent dorsal laminectomy and
partial discectomy showed significantly less improvement (P = 0.025) than dogs
that underwent dorsal laminectomy alone. With respect to the imaging findings, it
was 6.5 times more likely for dogs with severe disc protrusion (P = 0.013), and
1.8 times more likely for dogs with a lumbosacral step (P = 0.012) to have no
improvement after surgery.
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Questionnaires

In 38 cases useful and reliable responses to the questionnaires were
returned. The follow-up period for these dogs ranged from 3 months to 5 years
(median, 2.1 years). Overall improvement after surgery was seen in 29/38 (76%)
of dogs; 27 owners were very satisfied, 2 owners moderately satisfied whereas 9
owners were not satisfied with the result of surgery. With respect to the clinical
signs, caudal lumbar pain improved in 69% (22/32) of dogs; lameness of pelvic
limbs improved in 67% (18/27); getting up improved in 65% (20/31); jumping
improved in 61% (20/33); walking stairs improved in 57% (13/23); assuming a
sitting position improved in 57% (12/21); tail movements improved in 57% (8/14);
stiffness improved in 50% (15/30); toe dragging improved in 50% (10/20); tail
tone improved in 50% (7/14); and urinary incontinence improved in 38% (3/8).

Discussion

The signalment of the patients with DLS in this study is in accordance
with previous reports (2, 6, 21). DLS commonly affects medium sized to large
breed dogs, at a mean age of 6 to 7 years (21), and occurs more often in male dogs
(2, 6, 22). Male predisposition (1.7:1) with a higher mean body weight for male
dogs than for female dogs with DLS, suggests that biomechanical loading plays a
role in the pathogenesis. Other factors must also play a role since there was no
overrepresentation of giant breeds. Also, there is no difference between males
and females in the mobility of the lumbar portions including the lumbosacral
region (23, 24). The predisposition of the GSD for DLS in our study is in accordance
with previous reports (1, 2, 6). However, the apparent predisposition of the GSD
for DLS found in this study may be biased since the GSD is the number two most
popular breed in the Netherlands (2005 data National Kennel Club) and the number
four most common dog breed in the general hospital statistics at the Utrecht
University. The lumbosacral angles, range of motion, facet joint orientation and
motion pattern have been analyzed as possible causes of DLS in GSD (23-25). In
our study, angles of the facet joint at L7-S1 were more sagittally oriented in GSD
than in other breeds which is in accordance with other studies (23, 25, 26). More
sagittal orientation of facet joints may affect the motion pattern (i.e., flexion and
extension, axial rotation) of the lumbosacral junction. According to Benninger
the high prevalence of facet joint tropism in GSD may lead to DLS (23). However,
no significant correlation was found in our study between facet joint tropism and
disc degeneration, which is in accordance with previous reports (25-27).
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The clinical signs of dogs affected by DLS may show considerable variation
related to the severity of compression of the cauda equina. The most common
clinical signs are pelvic limbs lameness, abnormal gait, and caudal lumbar pain.
Dogs affected with DLS may not show all clinical signs at the same time, but
caudal lumbar pain is usually predominant (2, 6, 22). In our study, many dogs
showed difficulty and reluctance to get up and to jump. The dogs appeared to
have more problems with extension of the caudal lumbar spine than with flexion.
This can be explained by the increase in cauda equina compression that occurs
when the caudal lumbar spine is extended. During clinical examination, exerting
pressure over the lumbosacral area, hyperextension of the caudal lumbar spine
and hip joint extension also evoked signs suggesting pain and discomfort in dogs
with DLS.

Conventional radiography revealed lumbosacral step formation in the
majority of dogs in our study (93/118, 78.8%). This step is considered a sign of
lumbosacral instability, although the size of the lumbosacral step does not always
correlate with the clinical signs (3, 6, 7). In our study, the lumbosacral step measured
a mean of 2.9 mm on conventional radiographs. The lumbosacral step was reported
previously only to be clinically relevant when greater than 4 mm (24).

In our study, telescoping of the sacral spinal canal in the spinal canal of L7
was observed frequently in GSD with DLS (13/25, 52.0%). Telescoping of the
sacral spinal canal in the spinal canal of L7 contributes to cauda equina
compression, especially when disc protrusion and a lumbosacral step are present,
as evident from the findings of this study.

In 19.0% (4/21) of the dogs, end plate sclerosis was associated with disc
degeneration in our study. The association between end plate sclerosis and disc
degeneration was also raised by Gruber et al (28). Although it will take some time
before end plate sclerosis becomes evident on radiographs, no significant difference
was found between the age of our dogs with or without end plate sclerosis on
radiographs.

TVS was found in 11.0% (13/118) of the dogs. It has been reported that
TVS may be hereditary in GSD (29). Both asymmetrical and symmetrical TVS
(with bilateral, lumbar-like lateral processes) results in a weakening of the sacroiliac
attachment and may contribute to premature disc degeneration (30). TVS may
play a role in the development of lumbosacral instability and cauda equina
compression (7, 8, 29).

The vacuum phenomenon has been associated with degenerative disc disease
(31, 32). The vacuum phenomenon was observed in 12.7% (15/118) of the dogs on



Review and retrospective analysis in 156 dogs with DLS

��

conventional radiography and in 36.5% (42/115) of the dogs on CT images, but in
none of the MR images for 34 dogs. This can be explained by the fact that contrast
between gas and bone is much higher on radiographs and CT images than on MR
images. In our study, compression in the lumbosacral region was seen on myelography
in 9 of 12 cases. Myelography allows visualization of the entire spinal cord, but not
the cauda equina or compressive lesions at L7-S1 that involve the intervertebral
foramen or lateral recesses (8). The site of dural sac termination is variable (8).
However, more than 80% of dogs has a dural sac extending well into the sacrum
(33). Epidurography revealed elevation and/or obstruction of the contrast medium
on lateral views only in dogs with DLS. Epidurography has been used for evaluation
of neural compression at the lumbosacral junction (9, 34, 35). However, the
interpretation is difficult when epidural filling with contrast medium is poor (8).
Discography was reliable for diagnosing lumbosacral disc degeneration, which is in
accordance with other studies (34, 36).

The degree and extension of the disc protrusion was adequately visualized
on CT and MRI in our study. There was strong agreement between CT and MRI
findings with regard to disc protrusion, position of the dural sac, and distribution
of epidural fat. The bright signal on T2-weighted MR images is correlated with
hydration of the nucleus pulposus (37). Reduced bright signal on T2 implicated
disc degeneration. In other studies, CT and MRI were preferred over conventional
radiography for diagnosis of DLS (37-39). A previous study has reported that the
primary abnormality on CT is replacement of epidural fat with soft tissue density
which represents epidural fibrosis (40). It is the surgeon's opinion that loss of
epidural fat (on CT) may not be a significant finding of DLS in older animals, but
there are no studies available documenting loss of epidural fat content with
progressing age.

The mean lumbosacral canal ratio in our study measured on radiographs,
CT and MRI was greater than 0.5 in all cases. Morgan et al (7, 21) reported that a
ratio of 0.5 or less is noted as a primary canal stenosis (i.e., due to the lumbosacral
joint instability) and contributes to cauda equina compression. This study showed
that in dogs with DLS, a lumbosacral canal ratio that was greater than 0.5 may
cause clinically relevant spinal canal stenosis especially when combined with
disc protrusion.

Dorsal laminectomy was performed to relieve compression. Dorsal
fenestration, partial discectomy, and nucleus pulpectomy were performed in cases
of moderate to severe protrusion of a degenerated disc (10, 11). During surgery,
disc protrusion was less frequently observed than on CT and MRI. This is probably
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due to differences in positioning during imaging and surgery. Disc protrusion is
more pronounced during imaging since the caudal lumbar spine is in extension
during imaging, whereas the caudal lumbar spine is in a neutral position during
surgery. In the surgical reports, the position of the dural sac and epidural fat
corresponded with the imaging findings on CT and MRI. S. intermedius was
cultured in 25.0% of the dogs with DLS from routine intervertebral disc space
swabs after partial discectomy, revealing undetected discospondylitis in accordance
with other studies (41, 42). In case microbacterial examination of intervertebral
disc space content returns positive, it is recommended to start or prolong treatment
with appropriate antibiotics to eliminate the pathogens.

In the present study, an overall success rate of 79% was recorded after
decompressive surgery in dogs with DLS, which is in accordance with other studies
that reported a success rate of 70 to 93% (22, 43-45). These studies reported a
median follow-up period after decompressive surgery of 6 months (44), 18 months
(43) and 36 months (45), respectively. Evaluation was done subjectively by the
surgeon or by (telephone) interview or questionnaire of the owner, similar to our
study. Urinary incontinence is an infrequent finding in dogs with DLS, but may be
present if sacral nerve function is impaired. In our study, dogs with urinary
incontinence showed less improvement after decompressive surgery, which is in
accordance with findings in other studies (5, 45). The aim of decompressive surgery
is to relieve the cauda equina compression. In this retrospective study, the outcome
after more extensive surgery, such as dorsal laminectomy combined with partial
discectomy, was poorer than the outcome after dorsal laminectomy alone. This
may be related to the initial severe degree of disc degeneration and protrusion or
due to further accelerated degeneration of the lumbosacral junction with increasing
spinal instability. In our study, imaging criteria such as the lumbosacral step and
the degree of disc protrusion were found to be predictors of the outcome after
decompressive surgery for DLS. Future prospective studies on the evaluation of
the surgical outcome in dogs with DLS should focus on a more objective analysis
of the gait of the dogs before and after decompressive surgery, for example by
measurement of ground reaction forces through force plate analysis.
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Abstract

Objective - To determine somatosensory evoked potentials (SEP) in dogs with
degenerative lumbosacral stenosis (DLS) and in healthy dogs.

Study Design - Clinical and experimental study

Animals - 21 dogs with DLS and 11 clinically normal dogs matched in age and
body weight.

Methods - The tibial nerve was stimulated at the caudolateral aspect of the knee,
and lumbar SEP (LSEP) were recorded under anesthesia percutaneously from S1
to T13 at each interspinous space. Cortical SEP (CSEP) were recorded from the
scalp.

Results - LSEP were identified as the N1-P1 (latency 3 to 6 ms) and N2-P2 (latency
7 to 13 ms) wave complexes in the recordings of dogs with DLS and control dogs.
The latency of the N1-P1 increased and that of N2-P2 decreased as the active
recording electrode was moved cranially from S1 to T13. Latencies were
significantly delayed in the patient group compared with the control group, with
0.8 ms for the N1-P1 complex, and with 1.7 ms for the N2-P2 complex. CSEP were
not different between patient group and control group.

Conclusions - Surface needle recording of tibial nerve SEP can be used to monitor
somatosensory nerve function of pelvic limbs in dogs. In dogs with degenerative
lumbosacral stenosis, the latency of LSEP, but not of CSEP, is prolonged compared
to that in control dogs.

Clinical Relevance - In dogs with lumbosacral pain due to DLS, the cauda equina
compression is sufficient to affect LSEP at the lumbar level.
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Introduction

Somatosensory evoked potentials (SEPs) elicited by stimulation of the
posterior tibial nerve in humans have been used as a noninvasive recording
technique to assess nerve root and spinal cord function.1-7 Sciatic nerve spinal
SEP (SSEP) and cortical SEP (CSEP) have been recorded experimentally in dogs 8,9

and in cats10,11 involving thoracolumbar spinal cord injury caused by compression
or impact forces. These experimental studies in mammals were performed to
investigate the generators of the SEP and to test the usefulness of animal models
to provide answers for SEP findings in human subjects with spinal cord, conus
medullaris, and cauda equina diseases. The cauda equina has been investigated in
experimental traction12 or compression13-19 studies in dogs. Delamarter et al15

developed a dog model of lumbar spinal stenosis to study the pathophysiology of
cauda equina syndrome. The cauda equina was constricted experimentally to
simulate chronic compression. Dogs with 75% constriction of the diameter of the
cauda equina had significant neurologic abnormalities. CSEP revealed
abnormalities that preceded neurologic signs.13-19

SSEP and CSEP have been used in clinical studies for diagnosis and
localization of spinal cord and cauda equina diseases in humans.20-27 In patients
with conus medullaris or cauda equina lesions (e.g., midline disc compression,
trauma, tumour) configurational changes were found in SSEP before such changes
were evident in standard electromyographs or nerve conduction velocity tests.20,21,25

It was concluded that in cauda equina compression each major component of the
SEP may be absent or the peak could have reduced amplitude and a prolonged
latency.

SSEP and CSEP after tibial or sciatic nerve stimulation have been recorded
and described extensively in clinically normal dogs28-35 and cats.36,37 In contrast,
reports on the use of SEP in clinical studies are rare. In dogs with acute compressive
thoracolumbar spinal cord disease, caused by intervertebral disc extrusion, SEP
recorded at T10-T11 differed significantly from a control group whereas L7-S1
recordings were not different between both groups.38 SEP were of value in
determining the prognosis for recovery after treatment of the spinal injury because
significant differences were found between the favorable and unfavorable outcome
groups within the spinal injury group.38 The potential usefulness of SEP in dogs
with cauda equina compression was reported previously but more refinement and
standardisation was needed before being clinically useful.39 Cuddon et al35
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concluded that evaluation of tibial nerve cord dorsum evoked potentials can be
used to accurately assess functional severity and distribution of abnormalities in
proximal sensory nerves, dorsal nerve roots, and spinal cord dorsal horns in dogs
with suspected neuropathy, radiculopathy, or myelopathy involving the lumbosacral
intumescences.

Our objective was to evaluate waveform, latencies, and amplitudes of
lumbar SEP (LSEP) and CSEP in dogs with degenerative lumbosacral stenosis
(DLS) and compare them with age and weight matched control dogs.

Materials and Methods

Animals

SEP were recorded in dogs with DLS (n=21) and age and weight matched,
clinically normal dogs (n=11).

DLS dogs (15 males, 6 females) were 6 Bouviers, 4 German Shepherds, 3
Labrador Retrievers, 2 Rottweilers, 1 Bernese Mountain dog, 1 Dalmatian dog, 1
Airedale terrier, 1 Great Dane, 1 French Briard and 1 cross breed. Body weight
ranged from 22 to 70 kg (median, 33 kg) and age ranged from 1 to 13 years
(median, 7 years). All dogs were referred with a history of cauda equina syndrome.
Clinical signs were caudal lumbar pain, lameness, muscle weakness, and muscle
atrophy in one or both pelvic limbs. All dogs had pain upon the lumbosacral
pressure test during lordosis of the caudal vertebral column. Normal postural
reactions and spinal reflexes were present. Moderate to severe cauda equina
compression at the lumbosacral region from DLS was confirmed with radiography,
epidurography, and computed tomography (CT).

Control, normal dogs (8 males, 3 females) were 3 Belgian Shepherds, 1
German Shepherd, 3 Greyhounds, 1 Labrador Retriever, 1 Bouvier, 1 Rottweiler,
and 1 Boxer. Body weight ranged from 21 to 39 kg (median, 29 kg) and age
ranged from 1 to 13 years (median, 7 years). Dogs had no history of caudal lumbar
pain, had no abnormalities during orthopedic and neurologic examination, and
the lumbosacral area were confirmed normal on radiographs, with no signs or
secondary changes associated with DLS. CT was not available in these dogs.
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Anesthesia

SEP recordings were performed under anesthesia. Dogs were premedicated
with 40-80 µg medetomidine/kg metabolic bodyweight. Anesthesia was induced
with a single intravenous (IV) dose of 1-2 mg/kg propofol. Dogs were intubated
and anesthesia was maintained with 4 mg propofol/kg/hour administered IV by
an infusion pump. Electrocardiography, capnography, and pulse oximetry were
used for monitoring. Body temperature was measured at regular intervals during
each recording session. Infrared lamps and a warm-water bed were used to prevent
a decrease in rectal temperature > 1 oC. Dogs were positioned in right and
subsequently left lateral recumbency for SEP recording.

Tibial nerve stimulation

The tibial nerve was stimulated, using 2 sensory needle electrodes (DISA
13L60, Danica Medical Instruments, Leusden, The Netherlands), placed at a depth
of 1 cm caudal and proximal of the fibular head. Stimuli for SEP recording were
square-wave pulses of 0.2 ms duration, applied at a rate of 1/s (1 Hz), generated by
a stimulator (Model S-88, Grass Medical Instruments, Quincy, MA) and started by
a computer signal. The stimuli were delivered to a Grass stimulation isolation
unit (Model SUI 5, Grass Medical Instruments) and a constant current unit (Model
CCU 1A, Grass Medical Instruments) controlling the stimulus intensity. The
stimulus intensity was set at 8-12 V causing a clear, visually detectable, digital
extension and tarsal flexion. After completion of SEP recordings following
stimulation of the left tibial nerve, the dog was turned on the other side and
recordings were repeated after stimulation of the right tibial nerve.

SEP recording technique and data acquisition

The dog and the examination table were grounded with separate electrodes
during all measurements. LSEP were recorded with 3 sensory needle electrodes.
The indifferent electrode was placed ipsilateral to the stimulus side on the iliac
crest near the bone and free of muscle. Another reference electrode was placed
subcutaneously contralateral to the stimulus side on the iliac crest. The active
recording electrode was placed in the dorsal midline between 2 spinous processes
in the interspinous ligament near the interarcuate space and dorsal laminar bone.
The active recording electrode was advanced from the lumbosacral region to the
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thoracolumbar region. Two measurements of LSEP were recorded at every junction
from L7-S1 to T13-L1. The exact intervertebral space was localized by palpation of
the spinous processes starting from L7.

CSEP were recorded with 3 sensory needle electrodes. The active recording
electrode was placed contralateral to the stimulus side at the level of vertex (Cz)
near the bone of the skull. The indifferent electrode was placed subcutaneously
ipsilateral to the stimulus side in the neck halfway between the atlas and the
thoracic inlet. Another reference electrode was placed subcutaneously ipsilateral
to the stimulus side at the level of the shoulder.

The stimulus started data acquisition by the computer, functioning as an
averager. The SEP response signal was pre-amplified, fed to a variable amplifier
(total gain 20,000-100,000; frequency range 2 Hz-2 KHz) and to a 16-bit analog-to-
digital convertor, interfaced to the computer. The sampling rates were 10 KHz for
LSEP and 5 KHz for CSEP and for both 512 data points were collected. Usually
16 to 64 measurements were averaged by the computer. When 2 independent
recordings from each dog for each location on the vertebral column were
repeatable, they were stored for further analysis. When recordings were not
repeatable, they were discarded. Using computer software, individual components
of the LSEP and CSEP waveforms were identified and latencies and amplitudes
of waveform peaks and troughs were measured. Negativity was up in all recordings.

Calculations and statistics

The Fisher's Exact test was used to test for differences in proportions of
identified waves between DLS and control groups.

At each location on the vertebral column, the mean (± SEM) latency and
mean amplitude was calculated from 4 recordings (2 from the left and 2 from the
right side). Peak-to-peak amplitudes were calculated for the N1-P1-N2-P2 complex
by adding up the absolute values of the maximum peak (N1 or N2) and trough
(P1 or P2) deflections at each recording site. Thus, a value was obtained
representing the total amplitude height of the N1-P1-N2-P2 complex of the SEP. A
Spearman's rank test for trend analysis was used to assess whether the latency of
individual wave components had a tendency to increase or decrease as the distance
between stimulation and recording increased.
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The mean (± SEM) value for latency and amplitude was calculated from
the values from T13 to S1, representing a mean value for the trend line graph of
each wave component. The Student's t-test for independent samples was used to
compare means between the DLS and the control groups. Statistical significance
was assumed at level P<0.05.

Results

Lumbar SEP

Waveform - LSEP were recorded between T13 and S1 (Figure 1A, 1B). At shorter
latencies (0-15 ms) usually 2 prominent peaks were detected and they were labeled
N1 and N2. Both peaks were each followed by deflections that were labeled as P1
and P2 (Figure 1A). The time span of the N1-P1 complex was approximately 5 ms
and that of the N2-P2 complex 5-10 ms, and they were usually identified between
L3 and S1. The N1-P1 complex disappeared in most recordings as the recording
electrode moved cranially but was still identified in 20-30% of the recordings at
T13-L1 (Figure 1B). The N2-P2 complex was seen as a small wave embedded in
the descending leg of N1 between L6 and S1 and became more prominent at L3-
L4 (Figure 1B). Especially, the N2 peak was most prominent between L3 and L5
where the detection rate was maximum (80-100%). The identification percentage
of the N2-P2 complex decreased to 20-30% between T13 and L3. The N1-P1 and
N2-P2 complexes were equally identified in both control group and DLS groups.

A third wave, the N3-P3 complex, was detected at longer latencies (15-50 ms)
and its time span ranged from 15 to 30 ms (Figure 1A, 1B). The N3-P3 complex
was identified more often in the control group than in the DLS group and the
difference was significant at recording site L5-L6 (Fisher's Exact test, P<0.05).
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Wave latency -  A trend was recorded for the latency of the N1-P1 complex to
decrease and for the latency of the N2-P2 complex to increase as the active recording
electrode was moved cranially from S1 to T13 (Figure 2). More specific, the
latencies of N1 remained constant, whereas the latencies of P1 decreased by 1 ms
(Figure 2). Change in latency of N1 was not significant for the DLS or control
groups. The decrease in latency of P1 was significant for the control group
(Spearman's rank test, r = -1.00, P<0.001) but not for the DLS group. The most
prominent shift in latency occurred in the N2-P2 complex. The mean latencies of
N2 and P2 increased by 1-2 ms as the active recording electrode was moved from
S1 to T13 (Figure 2). The increase in latency of N2 was significant for both the
DLS (Spearman's rank test, r = 1.000, P<0.01) and control groups (Spearman's
rank test, r = 0.833, P = 0.05). The increase in latency of P2 was significant for
the DLS group (Spearman's rank test, r = 0.929, P = 0.001) but not for the control
group.

Figure 1. Representative example of a double
series of tibial nerve lumbar somatosensory
evoked potentials (LSEP) in a 7-year-old female
Rottweiler with lumbosacral pain from
degenerative lumbosacral stenosis.  (A) Wave
components of LSEP are marked N1, P1, N2,
P2, N3, and P3. (B) LSEP were recorded
between T13 and S1.

A

B
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The mean latency values were calculated (Table 1) and are a numeric
representation of the mean (height level = latency) of each trend line graphed
(Figure 2). Latencies of the N1-P1 and N2-P2 complexes were higher in the DLS
group compared with the control group (Figure 2). The mean latency was
significantly higher in the DLS group than in the control group: 0.8 ms for the N1-
P1 complex and 1.7 ms for the N2-P2 complex (Student's  t -test for independent
samples, P<0.01; Table 1).

The N3-P3 complex of the LSEP occurred between latencies 24 and 40 ms
for the DLS and control groups. The latency of N3 decreased significantly
(Spearman's rank test,  r = -0.714, P<0.05) for the control group as the active
recording electrode was moved cranially. The mean latency of N3 was 24 ms for
both the control and DLS groups. The mean latency of P3 was significantly lower
for the DLS group than for the control group (Student's t-test for independent
samples, P<0.001; Table 1).

Figure 2.  Mean (± SEM) latencies (ms) of wave components of tibial nerve LSEP recorded
between T13 and S1 in 21 dogs with degenerative lumbosacral stenosis [N1 , P1   , N2
          , P2         ] and in 11 control dogs [N1         , P1          , N2           , P2         ].
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Table 1. Latency and amplitude of tibial nerve lumbar somatosensory evoked potentials
(SEPs) in dogs with degenerative lumbosacral stenosis (DLS) and control dogs

Lumbar SEP Latencya (ms) Amplitudea ( µV)

Wave components DLS (n=21) Control (n=11) DLS (n=21) Control (n=11)

N1 3.8 ± 0.7c 3.5 ± 0.9 5.0 ± 0.3 5.2 ± 0.6
P1 5.6 ± 0.1d 4.8 ± 0.1 - 1.3 ± 0.3d 0.2 ± 0.2
N2 8.6 ± 0.2d 7.4 ± 0.2 3.0 ± 0.3 2.8 ± 0.2
P2 13.0 ± 0.2d 11.3 ± 0.3 - 3.0 ± 0.3d - 1.0 ± 0.4
N3 24.5 ± 0.7 24.4 ± 0.6 6.0 ± 0.5c 8.6 ± 0.6
P3 35.5 ± 0.9d 40.1 ± 0.6 - 6.0 ± 0.9b - 8.9 ± 0.9

Peak-to-peake 9.9 ± 0.4d 6.9 ± 0.8

aMean (±SEM) latency and amplitude of values measured between T13 and S1.
bP<0.05, cP<0.01, dP<0.001 compared with control value, Student's  t-test for independent values.
eSum of the absolute values of the maximum peak (N1 or N2) and trough (P1 or P2) deflections.

Wave amplitude - The mean amplitudes of N1 were maximal at L7-S1 (11-12 µV)
and gradually decreased as the active recording electrode moved cranially to T13
(1-3  µV; Figure 1, 3). The mean amplitudes of N2 were minimal at L7-S1 (1-2  µV)
and gradually increased as the recording electrode moved cranially, reaching its
maximum at L3-L5 (4 µV), and remaining constant at T13-L3 (Figure 1, 3). The
mean P1 and P2 amplitudes, but not mean N1 and N2 amplitudes, were significantly
different between the control group and the DLS group (Student's  t-test for
independent samples, P<0.001; Table 1).

Peak-to-peak amplitudes decreased significantly for the control group
(Spearman's rank test,  r = -0.976, P<0.01) as the active recording electrode moved
cranially from S1 to T13 (Figure 4). The mean peak-to-peak amplitude of the N1-P1-
N2-P2 complex was significantly higher in the DLS group than in the control group
(Student's  t -test for independent samples, P<0.001; Table 1).

 The mean amplitude for the N3 and P3 wave components were
significantly  higher (2-3 µV) for the control group than for the DLS group (Student's
t-test for independent samples, P<0.05; Table 1).
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Figure 4. Mean ( ±  SEM) peak-to-peak amplitudes (i.e., the sum of absolute amplitude values of the
most positive deflection and the most negative deflection) of the wave complex (N1-P1-N2-P2) in
tibial nerve LSEP, recorded between T13 and S1, in 21 dogs with degenerative lumbosacral stenosis
          and in 11 normal dogs           .

Figure 3. Mean (± SEM) amplitudes ( µV) of wave components N1 and N2 of tibial nerve LSEP
recorded between T13 and S1 in 21 dogs with degenerative lumbosacral stenosis [N1           , N2
          ] and in 11 control dogs [N1         , N2          ].
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Cortical SEP

A prominent CSEP wave complex with a 30 ms duration, labeled N2-P2,
was most commonly detected between 20 and 50 ms after stimulation (Figure 5).
Less common was a small complex N1-P1 of 10 ms duration, preceding N2-P2,
and a broad complex N3-P3 of 50 ms duration, following N2-P2. The N1-P1 complex
of the CSEP was recorded significantly more often (Fisher's Exact test, P<0.05)
in the control group (91%) than in the DLS group (57%) which was not the case
for N2-P2 and N3-P3 complexes. The mean latencies and amplitudes of tibial nerve
CSEP were not different between the control and the DLS groups (Table 2).

Figure 5.  Representative example of a series of
tibial nerve CSEP, recorded from the scalp vertex,
in a 7-year-old female Rottweiler    with lumbosacral
pain from degenerative lumbosacral stenosis.

Table 2. Latency and amplitude of tibial nerve cortical somatosensory evoked potentials
(SEP) in dogs with degenerative lumbosacral stenosis (DLS) and control dogs

      Cortical SEP        Latency (ms)         Amplitude ( V)

Wave components DLS (n=21) Control (n=11) DLS (n=21) Control (n=11)

N1 11.6 ± 0.6 12.6 ± 0.5 1.0 ± 0.3 1.4 ± 0.3
P1 18.8 ± 0.9 18.9 ± 0.5 -1.2 ± 0.2 -1.3 ± 0.4
N2 28.5 ± 1.4 29.7 ± 1.0 1.9 ± 0.2 2.3 ± 0.5
P2 43.7 ± 2.2 47.4 ± 1.7 -2.0 ± 0.3 -2.0 ± 0.3
N3 66.4 ± 3.5 69.0 ± 1.9 2.4 ± 0.3 2.9 ± 0.7
P3 88.4 ± 1.7 86.7 ± 3.2 -2.0 ± 0.6 -1.8 ± 0.3

Peak-to-peakb 4.0 ± 0.4 4.6 ± 0.6

aMean ( ±  SEM) latency and amplitude of values measured from the scalp.
bSum of the absolute values of the maximum peak (N1 or N2) and trough (P1 or P2) deflections.
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Discussion

We found that the latencies of tibial nerve SEP recorded from the surface
in dogs with cauda equina compression, were prolonged compared to those in
control dogs.

Tibial nerve SEP recorded over the lumbosacral and caudal lumbar area
reflect the quantity and timeliness of arrival of the afferent volley (sensory fibers)
as well as the responsiveness of the pool of spinal neurons and interneurons in
synaptic connection with the afferent fibers in the lumbosacral enlargement of
the spinal cord.6,7 The first major negative wave of the SSEP reflects the ascending
volley of impulses in the dorsal roots, and the second negative wave reflects
segmental postsynaptic activity and activity of spinal cord interneurons.1-3,5,7,25

The configuration of lumbosacral SEP in humans1-3,5 resembles the N1-P1-N2-P2
wave complex recorded in dogs; however, the latencies of corresponding waves
are different between humans and dogs. In dogs, latencies are 3-4 ms for N1 6 ms
for N2 at L7-S1, and 7 ms for N2 at L4-L5, which is 35%, 50%, and 55%, respectively,
of their human counterparts. There is a linear relation between latencies of tibial
nerve SEP and body size in healthy dogs.34 Therefore, smaller LSEP latencies in
dogs compared to humans were most likely related to difference in body size.
Moreover, the ascending action potential enters the spinal cord at L6 in dogs
(compared to L1 in humans), possibly contributing to shorter latencies for the
spinal cord dorsum potential (N2) in dogs.

LSEP and CSEP recorded in control dogs were similar in waveform, latency
and amplitude as those previously reported in healthy dogs.8,28-35 Tibial nerve LSEP
was reported to consist classically of a cauda equina (dorsal root) evoked potential,
best recorded as a negative peak between L7 and S1 (latency 3-4 ms), and a cord
dorsum evoked potential, best recorded as a negative peak between L3 and L6
(latency of 6 ms).28,30,32,33,35 We identified the third LSEP wave complex detected
at longer latency that remained largely unchanged when moving the active
recording electrode from S1 to T13, whereas its amplitude was strongly dependent
on an undisturbed recording electrode configuration. The N3-P3 wave complex
was a far-field potential generated by a change in volume conductor circumference
and orientation, i.e., transition from pelvic limb to the trunk of the dog.40 The
DLS and control dogs were comparable in body conformation and thus generated
a similar N3-P3 far-field volume-conducted evoked potential.

The LSEP in healthy dogs may be used to accurately assess functional
severity and distribution of abnormalities in proximal sensory nerves, dorsal nerve
roots, and spinal cord dorsal horns in dogs with suspected neuropathy,
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radiculopathy, or myelopathy involving the lumbosacral intumescences.35 In human
clinical study investigating LSEP and CSEP in patients with lesions of the conus
medullaris and cauda equina it was concluded that each major component of the
SEP can be absent or the peak can have a reduced amplitude and a prolonged
latency.25 The degree of impairment of the SEP was correlated with the degree of
severity of the cauda equina lesion. Recording of SEP with surface electrodes
represented a reliable test for the detection of mild cauda equina abnormalities.25

In an experimental dog model of lumbar spinal stenosis developed by
Delamarter et al,15 relative degrees of constriction of the cauda equina were performed
by inserting a nylon constriction device. Dogs with 25% constriction of the cauda
equina had no neurologic deficits and only mild changes in CSEP; those with 50%
constriction had mild initial motor weakness and major changes in CSEP, and those
with 75% constriction had paralysis of the tail, urinary incontinence, and dramatic
changes in CSEP.15 Cystometric measurements were noted to become a flat line
with 75% of compression.13,14 Constriction of the cauda equina at 50% was the
critical point, resulting in loss of SEP, reflexes, neurologic deficits, and histologic
abnormalities on necropsy examination of the cauda equina.17,18

Clinical signs of dogs with DLS we report may be best compared with
those of dogs with 25% constriction of the cauda equina in the model by Delamarter
et al.15 None of our dogs had clinical neurologic deficits; however, we were able
to detect significant SEP abnormalities in the DLS group compared with the control
group. Latencies of the N1-P1 wave complex (reflecting the ascending volley of
impulses in the dorsal roots), and latencies of the N2-P2 wave complex (reflecting
postsynaptic activity and activity of the spinal cord interneurons) were prolonged
in the DLS group compared with the control group. In another report where 26
dogs with cauda equina compression were investigated, latencies of tibial nerve
SEPs and nerve conduction velocity were "largely normal" but it was stated that
the recording technique needed more refinement and standardisation.39 Using the
technique we report, future clinical studies using LSEP measurements may be
used to confirm left or right-sided cauda equina compression, to differentiate
between spinal cord and cauda equina diseases, to monitor the recovery of nerve
function after decompressive surgery, and to determine the prognostic value of
treatment in relation to outcome.

Histological changes in nerve roots from mechanical compression are nerve
root edema, loss of myelin, and Wallerian degeneration of the motor nerve roots
distal to the constriction and of the sensory nerve roots proximal to the
constriction.17,18,41 These changes in nerve roots may be responsible for the
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prolonged LSEP latencies we observed. The compressive lesion of the cauda equina
at L7-S1 induced a delay of the ascending volley of impulses in the afferent sensory
pathways in the dorsal roots, and an additional indirect delay at the level of the
interneurons and postsynaptic pathways in the lumbosacral enlargement of the
spinal cord. The delay at the interneuron level may be caused by an imbalance
between inhibitory and stimulatory interneurons set-off by the incoming disturbed
and delayed ascending action potential.42 This might have resulted in an increased
activity at the interneuron level (more impulses in feedback loops), thereby delaying
the start of the final compound action potential to ascend the spinal cord.42 Increased
activity at the interneuron level may explain an increased amplitude of the evoked
potential at this level. Indeed, we found greater peak-to-peak amplitudes for the
N1-P1-N2-P2 complex in the DLS group than in the control group.

Controversies still exist about the number and cerebral location of the
source generators of the CSEP after tibial nerve stimulation.43 The thalamus
generates a wave component at 30 ms of latency and the contralateral parietal
somatosensory cortex generates 1 or 2 wave components at 40 and 50 ms of latency
after tibial nerve stimulation in humans.43 The wave conformation of the CSEP in
the control dogs in our study resembled the human CSEP equivalent.43 There
were no significant differences between CSEP latencies of the DLS group and the
control group. The initial delay in latency due to a compressive lesion on the
cauda equina at L7-S1 in the DLS group was significant at low lumbar levels but at
longer latencies it became relatively smaller and insignificant at the somatosensory
cerebral cortex. This is in agreement with the experimental dog model described
by Delamarter et al where 25% cauda equina constriction resulted in only mild
changes in CSEP.13-15  Apparently, in the dogs with DLS that show no neurologic
signs, cauda equina compression was sufficient to affect latency of SEP at the
lumbar level, but not at the cerebral level.

We concluded that surface recording of tibial nerve SEP is a valuable
technique to monitor somatosensory nerve function of pelvic limbs in dogs.
Latencies of LSEP were prolonged in dogs with DLS and cauda equina compression
compared with those in control dogs. LSEP are a useful contribution to the
diagnostic investigation of DLS and may be used to evaluate the recovery of nerve
function after decompressive surgery.
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Abstract

Objective - To assess the extent of agreement between computed tomography
(CT), magnetic resonance imaging (MRI), and surgical findings in dogs with
degenerative lumbosacral stenosis (DLS).

Study Design - Observational study.

Animals - 35 dogs with DLS.

Procedures - Results of preoperative CT and MRI were compared with surgical
findings with respect to degree and location of disc protrusion, position of the
dural sac, amount of epidural fat, and swelling of spinal nerve roots.

Results -  A lumbosacral step was seen on radiographic images from 22 of 32
(69%) dogs, on CT images from 23 of 35 (66%) dogs, and on MR images from 21
of 35 (60%) dogs. Most dogs had slight or moderate disc protrusion that was
centrally located. There was substantial or near perfect agreement between CT
and MRI findings in regard to degree of disc protrusion (kappa, 0.88), location of
disc protrusion (0.63), position of the dural sac (0.89), amount of epidural fat
(0.72), and swelling of spinal nerve roots (0.60). The degree of agreement between
CT and surgical findings and between MRI and surgical findings was moderate in
regard to degree and location of disc protrusion (kappa, 0.44 to 0.56) and swelling
of spinal nerve roots (kappa, 0.40 and 0.50).

Conclusions and Clinical Relevance - Results indicate that there is a high degree
of agreement between CT and MRI findings in dogs with DLS, but that the degree
of agreement between diagnostic imaging findings and surgical findings is lower.
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Introduction

Degenerative lumbosacral stenosis (DLS) is the most common cause of
compression of the cauda equina in dogs. The condition is a result of various
degenerative changes involving the bone and soft tissues surrounding the cauda
equina, such as intervertebral disc protrusion, hypertrophy of the dorsal longitudinal
ligament and ligamentum flavum, development of connective tissue adhesions
involving nerve roots, bone proliferation, and ventral displacement of the sacrum.1-4

Clinical signs in dogs with DLS are a result of compression of the cauda equina
with impingement of spinal nerve roots,4-6 and may include signs of caudal lumbar
pain; pelvic limb lameness; self mutilation; reluctance to perform certain activities
such as jumping, rising, and climbing stairs; paresis; muscle atrophy; and minor
neurologic deficits. DLS is most common in middle-aged dogs of medium-sized to
large breeds, with a predisposition for German Shepherd Dogs.2,4-7  A tentative
diagnosis of DLS can be made on the basis of history, clinical signs, and results of
clinical examination. Various imaging modalities have been used to confirm a
tentative diagnose of DLS.6,8,9 Survey radiography and radiographic contrast studies
such as myelography, epidurography, and discography can be used to rule out
other causes of cauda equina compression, including discospondylitis, neoplasia,
and fractures.9-11 However, although degenerative changes involving adjacent bony
structures are visible on radiographs, the cauda equina itself cannot be visualized.
Evaluation of soft tissues in the lumbosacral region requires more advanced
imaging modalities such as CT and MRI,6,8,9,12 and both modalities have been
used to evaluate the lumbosacral portion of the spine in dogs.9,13-28

Preoperative localization and characterization of the lesion in dogs with
DLS allows surgical treatment to be directed at the compressive lesion with
minimal disruption of surrounding tissues.26 However, results of preoperative
diagnostic imaging are useful in this regard only if they agree with the surgical
findings. Previous studies 14,24,27,28 have compared CT findings with surgical findings
or MRI findings with surgical findings and found good agreement. To our
knowledge, however, no studies have attempted to determine whether CT or MRI
findings are more likely to agree with surgical findings. The purpose of the study
reported here, therefore, was to assess the extent of agreement between CT, MRI,
and surgical findings in dogs with DLS.
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Materials and Methods

Dogs

Thirty-five client-owned dogs with DLS treated at the Department of Clinical
Sciences of Companion Animals of Utrecht University were included in the study.
In all dogs, the diagnosis had been confirmed on the basis of physical examination,
radiographic, CT, MRI, and surgical findings. Dogs with other lumbosacral
diseases, such as discospondylitis, neoplasia, and traumatic injuries, were excluded.

Diagnostic imaging

In all dogs, radiography, CT, and MRI were performed prior to surgery.
For these procedures, dogs were premedicated with medetomidine (100 µg/kg
[45.5 µg/lb], IV) and anesthetized with propofol (1 to 2 mg/kg [0.45 to 0.9 mg/lb],
IV); anesthesia was maintained with isoflurane. Monitoring consisted of
electrocardiography, pulse oximetry, capnography, and measurement of body
temperature. Lateral and ventrodorsal radiographic views of the lumbosacral region
were obtained. For the ventrodorsal view, the pelvic limbs were extended caudally.

Computed tomography was performed with the dogs in sternal recumbency
with the pelvic limbs extended caudally to the same degree as during radiography.
Images were obtained with a third-generation CT scannera (20 dogs) with exposure
settings of 120 kV and 220 mA and a scan time of 9 seconds or with a single-slice
helical CT scannerb (15 dogs) with exposure settings of 120 kV and 360 mA and
a scan time of 1 second. Contiguous 2-mm-thick slices were obtained from the
most caudal lumbar vertebra to the most caudal sacral vertebra. Transverse images
were obtained with both bone and soft tissue window settings. Sagittal images
were reconstructed from the transverse images.

Magnetic resonance imaging was also performed with the dogs in sternal
recumbency with the pelvic limbs extended caudally to the same degree as during
radiography. Images were obtained with a 0.2 Tesla open magnet.c  T1-weighted
transverse and sagittal images were obtained with a repetition time of 510 to 624
ms and an echo time of 26 ms. T2-weighted sagittal images were obtained with a
repetition time of 3835 to 4450 ms and an echo time of 117 ms. Pixel sizes of 0.95
x 0.71 mm and 0.86 x 0.59 mm were used for sagittal and transverse images,
respectively. Contiguous 3-mm-thick slices were obtained.
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Surgical procedure

Dorsal laminectomy was performed in all dogs by a single individual
(BPM). Dogs were positioned in sternal recumbency with the caudal lumbar and
lumbosacral portions of the spine in a neutral position, the pelvic limbs in a frog-
leg position, and the tarsal joints level with the ischiatic tuberosities. The caudal
portion of the lamina of L7 and the cranial portion of the lamina of S1 were
removed with a high-speed bur and bone punches. The degree (none or minimal,
slight, moderate, or severe) and location (left, right, or central) of disc protrusion
within the spinal canal, position of the dural sac (left, right, or central), amount of
epidural fat (absent, reduced, normal, or abundant), and swelling of the spinal
nerve roots (none, left, right, or bilateral) were recorded. Dorsal fenestration and
partial discectomy were performed when moderate to severe compression was
found; swab specimens of the disc space were submitted for bacteriologic culture
after fenestration. In some cases, biopsy specimens were submitted for histologic
examination. A free autogenous fat graft was placed at the laminectomy site prior
to closure to prevent connective tissue adhesions,29 and the incision was closed
routinely. Carprofen and amoxicillin-clavulanic acid were administered for 14 days
after surgery. The dogs were restricted to short walks on a leash for the first 6
weeks after surgery, followed by a gradual increase in physical activity during the
subsequent 6 weeks.

Assessing agreement of CT, MRI, and surgical findings

Radiographs (n = 32), CT images (35), and MR images (35) were reviewed
by one of the authors (NS) without prior knowledge of surgical findings.
Radiographs were examined for evidence of lumbosacral step formation,
downward elongation of the sacral lamina into the vertebral canal, spondylosis
deformans, transitional lumbosacral segments, narrowing of the lumbosacral
intervertebral disc space, and presence of the vacuum phenomenon. The CT and
MR images of the L6-L7 and L7-S1 disc spaces were examined for evidence of
lumbosacral step formation, spondylosis deformans, and presence of the vacuum
phenomenon.

On CT and MR images, degree of disc protrusion was scored on the basis
of maximal percentage of the spinal canal obstructed by the bulging disc on
transverse and sagittal images (no or minimal obstruction, slight [<25%]
obstruction, moderate [25% to 50%] obstruction, or severe [> 50%] obstruction).
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The location of disc protrusion within the spinal canal was defined as left, right,
or central, as was the position of the dural sac. The amount of epidural fat covering
the dural sac and cauda equina was scored (absent, reduced, normal, or abundant),
as was the presence of swelling of the nerve roots (none, left, right, or bilateral).
On MR images, the degree of disc degeneration was graded on the basis of relative
loss of signal intensity of the nucleus pulposus on sagittal T2-weighted images
(normal signal, partial loss, complete loss).

On the lateral radiographic projection and sagittal CT and MR images,
the lumbosacral step was measured as the distance between a horizontal line drawn
level with the floor of the spinal canal in the last lumbar vertebra and a second
horizontal line drawn level with the floor of the spinal canal in the first sacral
vertebra, halfway between these 2 vertebrae (Figure 1). For the radiographic
projections, measurements were obtained with a Vernier caliper accurate to 0.1
mm and were corrected for magnification. For the CT and MR images,
measurements were obtained with dedicated software. The lumbosacral canal ratio
was calculated as the ratio between the height of the spinal canal for the first
sacral vertebra and the height of the spinal canal for the last lumbar vertebra.

Figure 1.  Line drawing of the lumbosacral junction in a dog illustrating a method for measuring
the lumbosacral step and the lumbosacral canal ratio. The lumbosacral step (A) was measured as
the distance between a horizontal line drawn level with the floor of the spinal canal in the last
lumbar vertebra and a second horizontal line drawn level with the floor of the spinal canal in the
first sacral vertebra, halfway between these 2 vertebrae. The lumbosacral canal ratio was calculated
as the ratio between the height of the spinal canal for the first sacral vertebra (C) and the height of
the spinal canal for the last lumbar vertebra (B).
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Statistical analysis

Data analysis was performed with standard software.d Because values for
the lumbosacral canal ratio were not normally distributed, the Friedman's test
followed by the Wilcoxon signed ranks test was used to compare lumbosacral
canal ratios obtained by means of radiography, CT, and MRI. For the Friedman's
test, a value of P < 0.05 was considered significant. For the Wilcoxon signed
ranks tests, a Bonferroni correction was performed. Thus, a value of P < 0.016
was considered significant for pairwise comparisons.

The kappa test30 was used to test the extent of agreement between CT,
MRI, and surgical findings. A weighted kappa test was used for categorical data
for which it could be assumed that all results that were identical were in partial
agreement (i.e., degree and location of disc protrusion, amount of epidural fat, and
swelling of nerve roots). A simple (unweighted) kappa test was used for categorical
data for which it could be assumed that all results that were not identical were in
disagreement (i.e., position of the dural sac). Kappa values < 0.2 were interpreted
as slight agreement, values   0.2 but < 0.4 were interpreted as fair agreement,
values    0.4 but < 0.6 were interpreted as moderate agreement, values   0.6 but <
0.8 were interpreted as substantial agreement, and values   0.8 were interpreted as
near perfect agreement.

Results

Signalment and clinical signs

The 35 dogs included in the study consisted of 25 males (12 sexually intact
and 13 neutered) and 10 females (5 sexually intact and 5 neutered). There were
10 German Shepherd Dogs, 7 Labrador Retrievers, 3 Golden Retrievers, 3 Border
Collies, 2 Weimaraners, 1 Belgian Shepherd, 1 Schnauzer, 1 Great Dane, 1
Newfoundland, 1 German Longhaired Pointer, 1 Bearded Collie, 1 Leonberger, 1
American Staffordshire Terrier, 1 Dutch Partridge dog, and 1 mixed breed dog.
Mean ± SD body weight was 35.2  ± 11.0 kg (77.4 ±  24.2 lb; range, 14.0 to 72.2 kg
[30.8 to 158.8 lb]), and mean age was 5.6 ±  2.2 years (range, 1.3 to 10.8 years).
The dogs included 28 companion animals, 2 of which also performed agility;
1 show and breeding dog; 2 working (rescue and hunting) dogs; and 4 assistance
dogs.

>
> >

>
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Thirty-three (94%) dogs had a history of reluctance to rise, 32 (91%) had
signs of pain when pressure was placed over the lumbosacral region, 29 (83%)
had pelvic limb lameness (8 bilateral and 21 unilateral), 26 (74%) had signs of
caudal lumbar pain, 24 (69%) had a history of difficulty sitting, 24 (69%) had
signs of pain during extension of the caudal lumbar region, 22 (63%) has a history
of reluctance to jump, 21 (60%) had pelvic limb paresis, 15 (43%) had a history
of difficulty climbing stairs, 9 (26%) had atrophy of the pelvic limb musculature,
6 (17%) had an abnormal gait, 6 (17%) had signs of pain when defecating, 4 (11%)
had urinary incontinence, 3 (9%) had hypotonia of the tail, and 2 (6%) had signs
of pain on extension of the tail.

Imaging and surgical findings

Radiography revealed abnormalities in 26 of 32 (81%) dogs. Radiographic
findings included lumbosacral step formation (22/32 [69%]), spondylosis
deformans at the lumbosacral junction (16 [50%]), downward elongation of the
sacral lamina into the vertebral canal (10 [31%]), narrowing of the intervertebral
disc space (4 [12.5%]), vacuum phenomenon (3 [9%]), and transitional lumbosacral
vertebra (2 [6%]).

Lumbosacral step formation was identified on CT images from 23 of the
35 (66%) dogs, spondylosis deformans at the lumbosacral junction was identified
in 14 (40%), and the vacuum phenomenon was identified in 10 (29%). Lumbosacral
disc protrusion was identified on CT images from 30 of the 35 (86%) dogs, and
was most often classified as slight or moderate and central (Table 1, Figure 2, 3).
Abnormal material in the vertebral canal resembling calcified disc material was
observed on CT images from 4 (11%) dogs.

Figure 2. Transverse CT images of the
lumbosacral intervertebral disc space in
a dog with DLS. Notice the intervertebral
disc protrusion (arrowhead) and
vacuum phenomenon (arrow).
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Figure 3.  Sagittal reconstructed CT images of the lumbosacral
intervertebral disc space in a dog with DLS. Notice the intervertebral
disc protrusion (black arrow) and vacuum phenomenon (white
arrow).

Figure 4. Transverse (A, B) and sagittal (C) T1-weighted MR images and sagittal (D) T2-weighted
MR images of the dog in Figure 2. Notice the protrusion of the intervertebral disc (arrow) and
displacement of the dural sac and nerve roots (arrowhead) on the transverse image and the attenuation
of the epidural fat on the sagittal image. Loss of signal intensity of L7-S1 disc on T2- weighted MR
image (bottom) indicates disc degeneration.
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Table 1. Computed tomography, MRI, and surgical findings in 35 dogs with DLS

Variable                           No. of dogs (%)

CT MRI Surgery

Degree of disc protrusion
None or minimal 5 (14) 5 (14) 3 (9)
Slight 14 (40) 13 (37) 12 (34)
Moderate 10 (29) 9 (26) 13 (37)
Severe 6 (17) 8 (23) 7 (20)

Location of disc protrusion
Left 2 (6) 3 (9) 2 (6)
Right 4 (11) 3 (9) 6 (17)
Central 29 (83) 29 (83) 27 (77)

Position of dural sac
Left 7 (20) 7 (20) 2 (6)
Right 7 (20) 7 (20) 0 (0)
Central 21 (60) 21 (60) 33 (94)

Amount of epidural fat
Absent or reduced 9 (26) 9 (26) 14 (40)
Normal 26 (74) 26 (74) 18 (51)
Abundant 0 (0) 0 (0) 3 (9)

Swelling of spinal nerve roots
None 16 (46) 17 (49) 16 (46)
Left 5 (14) 7 (20) 3 (9)
Right 4 (11) 4 (11) 4 (11)
Bilateral 10 (29) 7 (20) 12 (34)

Lumbosacral step formation was identified on MR images from 21 of the
35 (60%) dogs, and spondylosis deformans at the lumbosacral junction was
identified in 14 (40%); the vacuum phenomenon was not identified in any dog.
Lumbosacral disc protrusion was identified on MR images from 30 of the 35
(86%) dogs, and was most often classified as slight or moderate and central (Figure
4). Relative loss of signal intensity of the nucleus pulposus at the L7-S1 disc space
was seen on sagittal T2-weighted images from 28 of the 35 (80%) dogs (partial
loss, 10; complete loss, 18). Concurrent loss of signal intensity of the nucleus
pulposus at the L6-L7 disc space was seen in 5 of the 28 (18%) dogs.
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Mean ± SD lumbosacral step was 2.25 ± 1.20 mm on radiographs, 2.08 ±
1.24 mm on CT images, and 2.24 ± 1.37 mm on MR images. Mean lumbosacral
canal ratio was 0.69 ± 0.08 (range, 0.50 to 0.90) on radiographs, 0.79 ± 0.09
(range, 0.60 to 0.90) on CT images, and 0.88 ±  0.09 (range, 0.70 to 1.10) on MR
images (in 1 dog, the height of the spinal canal for the first sacral vertebra was
greater than the height of the spinal canal for the last lumbar vertebra, yielding a
ratio > 1). Lumbosacral canal ratios measured on radiographs were significantly
(P < 0.016) lower than ratios measured on CT and MR images.

Surgical findings during dorsal laminectomy included disc protrusion (32
[91%]), an absence of or reduction in the amount of epidural fat covering the
dural sac (14 [40%]), and swelling of the spinal nerve roots (19 [54%]). Hypertrophy
of the ligamentum flavum was identified in 7 (20%) dogs. Dorsal fenestration
and partial discectomy was performed in 17 (49%) dogs. Disc material was
collected from 16 dogs and submitted for bacterial culture, and results of bacterial
culture were positive in 5 of the 16. Organisms that were isolated included Bacillus
spp, Micrococcus spp, Clostridium perfringens, Staphylococcus intermedius, and
mixed bacterial species. Follow-up (6 months after surgery) information was
available for 32 of the 35 (91%) dogs. Twenty of the 32 dogs (63%) were reportedly
normal, 10 (31%) had residual pelvic limb lameness, and 2 (6%) had not improved.

There was substantial or near perfect agreement between CT and MRI
findings in regard to degree of disc protrusion, location of disc protrusion, position
of the dural sac, amount of epidural fat covering the dural sac, and swelling of
spinal nerve roots (Table 2). In contrast, the extent of agreement between CT and
surgical findings and between MRI and surgical findings was only moderate for
the degree of disc protrusion, location of disc protrusion, and swelling of spinal
nerve roots and was only fair or slight in regard to position of the dural sac and
amount of epidural fat covering the dural sac.

Table 2. Extent of agreement (mean ± SE kappa value) between CT, MRI, and
surgical findings in 35 dogs with DLS

Variable CT versus MRI CT versus Surgery MRI versus Surgery

Degree of disc protrusion* 0.88 ± 0.05 0.55 ± 0.10 0.52 ± 0.10
Location of disc protrusion* 0.64 ± 0.11 0.56 ± 0.10 0.44 ± 0.13
Position of dural sac 0.89 ± 0.07 0.19 ± 0.12 0.19 ± 0.12
Amount of epidural fat* 0.72 ± 0.13 0.28 ± 0.18 0.18 ± 0.13
Swelling of spinal nerve roots* 0.60 ± 0.12 0.40 ± 0.14 0.50 ± 0.12

*Weighted kappa values.   Simple (unweighted) kappa values.
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Discussion

Results of the present study indicate that there is a high degree of agreement
between CT and MRI findings in dogs with DLS. However, the degree of agreement
between diagnostic imaging findings and surgical findings was only slight to fair.

In dogs with DLS, compression of the cauda equina will be exacerbated
when the pelvic limbs are extended caudally and partially relieved with the pelvic
limbs are flexed. For this reason, the pelvic limbs of the dogs in the present study
were extended caudally during CT and MRI. During surgery, however, dogs were
positioned differently, with the pelvic limbs in a frog leg position and the
lumbosacral portion of the spine in a neutral position to relieve tension on the
fascia and muscle, facilitating the surgical approach. The moderate correlation
was found between imaging and surgical findings may reflect, in part, the difference
in positioning of the dogs during imaging and surgery.

For dogs in the present study, mean lumbosacral step was 2.25 mm on
radiographic images, 2.08 mm on CT images, and 2.24 mm on MR images. In
contrast, authors of a previous study31 that a lumbosacral step was clinically relevant
if it was > 4 mm. Findings of the present study, therefore, suggest that a lumbosacral
step as small as 2 mm may be clinically relevant, particularly when seen in
combination with disc protrusion. However, the relevance of the lumbosacral step
itself should be investigated further.

Mean lumbosacral canal ratio was 0.79 on CT images and 0.88 on MR
images from dogs in the present study, and the ratio was > 0.50 in all dogs. In
previous studies10,32 a lumbosacral canal ratio    0.5 was identified as evidence of
primary spinal canal stenosis causing cauda equina syndrome. Findings in the
present study suggest that in dogs with DLS, a canal ratio > 0.5 may be clinically
relevant, particularly when seen in combination with disc protrusion.

In the present study, downward elongation of the sacral lamina into the
vertebral canal was seen radiographically in 10 of 32 (31%) dogs. Nine of these
10 dogs also had lumbosacral step formation. Elongation of the sacral lamina
may contribute to cauda equina compression, especially when disc protrusion
and ventral subluxation of the sacrum (i.e., a lumbosacral step) are also present.

Transitional lumbosacral vertebrae may predispose to other lumbosacral
abnormalities that cause signs of caudal lumbar pain. In particular, transitional
lumbosacral vertebrae may result in a weakening of sacroiliac attachments and
may contribute to premature disc degeneration.33 They may, therefore, play a role

<
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in the development of lumbosacral instability and cauda equina compression.9,10,34

However, only 2 of 32 (6%) dogs in the present study had transitional lumbosacral
vertebrae.

The vacuum phenomenon has previously been associated with degenerative
disc disease.14,35,36 In the present study, vacuum phenomenon was observed in CT
images from 10 of the 35 (29%) dogs, but was not seen on MR images from any
of the dogs. This may be explained by the fact that contrast between gas and bone
is much lower on MR images than on CT images. Degenerative changes of the
disc were found on T2-weighted sagittal MR images in 28 of 35 (80%) dogs. Disc
degeneration is characterized by a decreased and altered proteoglycan
concentration associated with loss of water from the nucleus pulposus.37 This
altered water content leads to decreased signal intensity on T2-weighted MR
images.22,25

One advantages of CT versus MRI is a greater ability to discriminate
between bone and calcified soft tissue structures versus gas opacities.9,14 However,
it is difficult to distinguish soft tissue structures from the cauda equina.13,18

Advantages of MRI versus CT include greater soft tissue contrast; excellent
visualization of nerve roots, intervertebral discs, and ligaments; detection of disc
degeneration; lack of ionizing radiation; and ability to acquire images in multiple
planes.9,21 However, a limitation of the open MRI scanner used in the present
study was the low magnetic field strength, which resulted in limited spatial
resolution.

There was substantial to near perfect agreement between CT and MRI
findings in the present study, but only slight to fair agreement between imaging
and surgical findings. In part, this may have been attributable to difficulties in
assessing degree of disc protrusion, distribution of epidural fat, and spinal nerve
root swelling during surgery. In addition, differences in positioning of the dog
could have affected the appearance during surgery. Loss of epidural fat at the
location of disc protrusion in dogs with DLS can create a silhouetting effect on
CT and MR images, and protruded disc material may be difficult to distinguish
from the dural sac and adjacent nerve roots.19 Thus, despite the high degree of
agreement between CT and MRI findings, grading of characteristics for both
imaging techniques was difficult in some cases. Both CT and MRI can provide
valuable information regarding soft tissue structures in the vertebral canal, and
both transverse and sagittal CT and MR images were useful for evaluating disc
protrusion and cauda equina compression.
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Twenty of the 32 (63%) dogs for which follow-up information was available
were reportedly normal 6 months after surgery, and an additional 10 (31%) dogs
only had residual pelvic limb lameness. Although pain relief can be expected
within days after surgery, because of relief of the compression on the cauda equina
and nerve roots, the healing of neural tissue may require more time. Decompressive
surgery has been reported to be effective in patients with DLS.6,7

Although none of the dogs in the present study had radiographic signs of
discospondylitis, results of bacterial culture of disc swab specimens were positive
in 5 dogs. Staphylococcus intermedius has been recovered from patients with
discospondylitis,38,39 but the other organisms that were isolated may have been a
result of contamination.

In conclusions, findings of the present study suggest that a lumbosacral
step as small as 2 mm and a lumbosacral canal ratio > 0.5 may be clinically
relevant, particularly in dogs with disc protrusion, and radiography, CT, and MRI
were equally capable of detecting the lumbosacral step formation. There was
excellent agreement between CT and MRI findings, but only slight to fair agreement
between diagnostic imaging and surgical findings.

a. Tomoscan CX/S, Philips NV, Eindhoven, The Netherlands.
b. Philips CT Secura, Philips Medical Systems, Eindhoven, The Netherlands.
c. Magnetom Open Viva, Siemens AG, Germany.
d. SPSS 11.0 for Window, SPSS Inc, Chicago, Ill.
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Abstract

Objective  -  Using force plate analysis (FPA), determine ground reaction forces in
dogs with degenerative lumbosacral stenosis (DLS) and evaluate the effects of
lumbosacral decompressive surgery.

Study Design - Prospective clinical study.

Animals  - Twelve dogs with DLS.
Methods - DLS was diagnosed by clinical signs, radiography, computed
tomography, and/or magnetic resonance imaging. FPA was performed before
surgery, and 3 days, 6 weeks, and 6 months after surgery. The mean peak braking
(Fy+), peak propulsive (Fy- ), and peak vertical (Fz+) forces of 8 consecutive strides
were determined. The ratio between the total Fy-  of the pelvic limbs and the total
Fy-  of the thoracic limbs (P/TFy- ), reflecting the distribution of Fy- , was analyzed
to evaluate any changes in locomotion pattern postoperatively. Ground reaction
force data for DLS dogs were compared with data derived from 24 healthy dogs
(control).

Results - In dogs with DLS, the propulsive forces (Fy- ) of the pelvic limbs were
significantly smaller than those of controls. P/TFy - was significantly smaller in
dogs with DLS than in control dogs, and increased during the follow-up period,
reaching normal values 6 months after surgery.

Conclusions  -   Cauda equina compression in dogs with DLS decreases the propulsive
force of the pelvic limbs and surgical treatment restores the propulsive force of
the pelvic limbs in a 6-month period.

Clinical Relevance -  In dogs with DLS, FPA is an effective method in evaluating
the response to surgical treatment. Normal propulsive force in the pelvic limbs
was restored during 6 months after decompressive surgery.

Keywords - degenerative lumbosacral stenosis, force plate, ground reaction forces,
dogs.
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Introduction

Degenerative lumbosacral stenosis (DLS) is the most common disease of
the canine lumbosacral joint.1 DLS involves multiple parts of the lumbosacral
joint and is related to intervertebral disc disease resembling Hansen type II fibrinoid
degeneration.2  The lumbosacral joint has the highest mobility of the lumbar spine
with considerable transfer of forces between the 7th lumbar vertebra (L7) and the
sacrum, making it particularly susceptible to degenerative changes.3 Flexion and
extension are the main movements of the lumbosacral joint, but lateral and
rotational movements also occur; ligamentous structures and the intervertebral
disc limit motion. Degenerative changes in these structures may alter the mobility.4

Abnormal lumbosacral motion leads to 1) skeletal changes, including sclerosis of
the lumbosacral end plate, development of spondylosis deformans, osteophyte
proliferation, and 2) soft tissue changes, including overgrowth of the joint capsules,
hypertrophy of the dorsal longitudinal ligament and the interarcuate ligament,
and bulging of the dorsal anulus.5 These changes alone or together with lumbosacral
instability may lead to compression of the cauda equina in the vertebral canal, its
lateral recesses, and the intervertebral foramina.6

Cauda equina syndrome describes the clinical signs observed in conditions
that cause compression, inflammation, destruction, displacement, or vascular
disruption to the nerve roots of the cauda equina. DLS is a common cause of
cauda equina syndrome in dogs. Affected dogs are usually admitted with
lumbosacral pain, pelvic limb weakness, unilateral or bilateral pelvic limb
lameness, and stilted gait. Owners frequently complain of the dog's unwillingness
to jump and to climb stairs, and the dog's difficulty in rising. Partial or temporary
response to anti-inflammatory medications is often noted.1

Surgery is indicated when pain is severe and/or does not respond to
conservative treatment. Decompressive surgery has been the most widely used
technique to treat DLS. Complete return to normal activity was reported in 78% of
the dogs by Danielsson and Sjöström7, whereas others have reported success rates
of 66%,8 53%,9 and 41%.10 Comparison of studies is difficult because of differences
in design or study populations (age, clinical signs, working dogs or not), differences
in surgical technique and post-operative evaluation (follow-up time, evaluation by
veterinarian or owner). Post-operative evaluation with questionnaires to owners or
the veterinarian is a subjective method of evaluation. Measurements of ground
reaction forces (GRFs) with a force plate objectively evaluates the kinetic forces
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of dogs with pathologic changes involving the appendicular skeleton,11-14 but to
our knowledge has not been reported in evaluation of pathology of the axial skeleton
causing abnormal locomotion.

We hypothesized that DLS affects the propulsive forces in the pelvic limbs
of dogs, and that decompressive surgery is effective in restoration of these forces.
Thus, using force plate analysis (FPA), we conducted a prospective study to
determine GRFs in dogs with DLS and to evaluate the effects of surgical treatment.

Materials and Methods

Criteria for inclusion

Dogs included in the study had a history of caudal lumbar pain, which was
diagnosed as DLS and was treated by decompressive surgery between December
2001 and February 2003. Dogs with orthopedic diseases other than DLS were
excluded from the study.

Clinical examination

Each dogs's locomotion was observed during walking, trotting, running,
ascending, and descending steps. In a standing position, the posture of the pelvic
limbs, the volume of gluteal and hamstrings muscles, postural reactions, and pelvic
limb and tail muscle tone were examined. Manual pressure was applied directly
over the lumbosacral space and the hips were individually extended, with and
without added pressure over the lumbosacral junction. The lordosis test was
performed by extending both hips with simultaneous dorsal pressure on the
lumbosacral region. Orthopedic and neurologic examination of the thoracic and
pelvic limbs was performed in lateral recumbency.

Imaging

With the dog sedated with medetomidine, ventrodorsal and lateral
radiographic views were made with the lumbosacral spine in a neutral position.
Computed tomography (CT) was performed in anesthetized dogs with a 3rd

generation CT-scanner (Tomoscan CX/S, Philips NV, Eindhoven, The Netherlands).
With the dogs in sternal recumbency, the pelvic limbs extended caudally and the
lumbosacral spine extended, 2-mm thick contiguous slices were made from the
caudal end of the 6th lumbar vertebra (L6) to the cranial end of the 2nd sacral
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vertebra (S2) in a plane halfway between the caudal end plate of the 7th lumbar
vertebra (L7) and the cranial end plate of the 1st sacral vertebra (S1). These slices
were made with 9 seconds of scanning time, at 120 kV and 220 mA.

Magnetic resonance imaging (MRI) was performed in anesthetized dogs,
positioned as for CT, using a 0.2 T open field MRI-system (Magnetom Open Viva,
Siemens AG, München, Germany). Three millimetre thick contiguous sagittal
(T1- and  T2-  weighted, TR and TE, respectively) and transverse (T1- weighted, TR
and TE) images were used for diagnosis.

Surgical technique

One surgeon (BPM) performed the surgical procedure as described by
Denny et al.15 Dorsal laminectomy was performed, using a motorized burr and
Kerrison rongeurs, including the lamina of L7 and S1. After entering the spinal
canal, the cauda equina nerve roots were inspected for swelling and adhesions.
After decompression of the cauda equina, a free fat graft was placed in the
laminectomy site.16 The deep muscles and lumbodorsal fascia were closed with 2-0
polydioxanone interrupted sutures, and then the subcutaneous tissue and the skin
were closed. Carprofen (2mg/kg, every 12 hours, orally, for 14 days) and
amoxicillin/clavulanic acid (12.5 mg/kg, every 12 hours, orally, for 14 days) were
administered after surgery. Dogs were restrained on a leash and were allowed
only short walks for the first 6 weeks, followed by a gradual increase of excercise
during the next 6 weeks.

FPA

Before surgery, dogs were guided over the force plate (FP). FPA was
repeated 3 days, 6 weeks, and 6 months postoperatively. The FP was a quartz
crystal piezo-electric force plate (Kistler type 9261, Charnwood Dynamics Limited,
Rithlet, Leicestershire, UK), with Kistler 9865B charge amplifiers. The sampling
rate was 100 Hz. The FP was built in level with the surface in the center of an 11 m
long runway. The 5 m center of the runway was bordered by a 50 cm high fence to
guide the dogs over the FP. The FP was 40 cm long and 60 cm wide. GRFs were
measured by force transducers, located in every corner of the plate. Amplifiers
were connected to a computer that stored the signals, which corresponded with
GRFs in the mediolateral (Fx), craniocaudal (Fy), and vertical (Fz) directions.
Before each recording session, the FP was calibrated with a standard weight.
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The dogs' forward velocity was measured, using photoelectric switches
and a millisecond timer. Starting and ending of the FP recording were automatically
regulated when the dog passed the switches spaced 3 m apart in the fence and
centered on the FP. The same single handler guided all dogs by a leash over the FP
during all the recordings, at a constant speed (1.1 ± 0.2 m/s) in pace, to avoid gait
variations. There was no acceleration at both ends of the runway, 5 m from the
center of the FP. Each pass across the plate was also evaluated by an observer, to
confirm foot strikes and gait. This observer remained the same throughout the
study. Data recorded were considered valid when in the same run, the thoracic
limb followed by the ipsilateral pelvic limb contacted the FP completely. Trials
were discarded for distracting head motions or irregularities in the gait. A minimum
of 8 recordings per thoracic and per pelvic limb were used for data processing.

Calculations and statistics

The following variables were calculated in the analysis: the peak braking
force (Fy+), the peak vertical force (Fz+) and the peak propulsive force (Fy- ). All
forces in Newton (N) were normalized for body weight. A ratio reflecting the
distribution of forces over the 4 limbs was calculated. A pelvic limb/thoracic limb
ratio (P/T) for Fy+ (P/TFy+) was defined as the ratio between the sum of Fy+ for
the pelvic limbs and the sum of Fy+ for the thoracic limbs. A P/T for Fz+ (P/TFz+)
was defined as the ratio between the sum of Fz+ for the pelvic limbs and the sum
of Fz+ for the thoracic limbs. A P/T for Fy-  (P/TFy- ) was defined as the ratio between
the sum of Fy -  for the pelvic limbs and the sum of Fy - for the thoracic limbs. Mean
P/T of the DLS group was defined as the sum of the P/T ratios of all dogs divided
by 12. For comparison of the mean P/T ratios over time, statistical analysis was
conducted using the Friedman's test. A Student's  t-test was used to compare the
mean P/T of the DLS group and the control group. GRFs in the DLS group were
compared with the corresponding GRFs in the control group, using the Student's
t-test. Significance was set at P<0.05.
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Results

Dogs

Twelve dogs (mean age, 4.7 ± 2.5 years; mean weight, 37.1 ± 12.8 kg)
were studied. These dogs included 3 German Shepherds, 2 Great Danes, 1 German
Longhaired Pointer, 1 Golden Retriever, 1 Weimaraner, 1 Border Collie, 1
Greyhound and 2 Crossbreeds (1 female, 4 castrated females, 3 males, 4 castrated
males).

The control group of 24 healthy dogs (mean age, 1.8 ± 1.0 years; mean
weight, 26.7 ± 3.3 kg) were used for FP data were free of orthopedic disease.
These dogs were mixed Labrador Retrievers (16 females, 6 males, 2 castrated males).

Clinical examination

Seven dogs had pelvic lameness. All 12 dogs had problems with rising
and jumping, 3 dogs kept the tail low. All dogs had a mild-to-severe pain reaction
upon manual pressure of the lumbosacral junction and the lordosis test. Orthopedic
and neurologic examinations were otherwise unremarkable.

Imaging

On radiographs, there was lumbosacral spondylosis in 5 dogs, sclerosis of
the sacral end plate in 6 dogs, ventral subluxation of the sacrum relative to L7 in
7 dogs, and 1 dog had a transitional vertebra.

CT findings (11 dogs) included loss of epidural fat in 1 dog, protrusion of
the intervertebral disc in 9 dogs, and swelling of the spinal roots in 6 dogs. MRI
findings included loss of the white nucleus pulposus signal on T2-weighted MR
images in all 6 dogs.

Surgical findings

Epidural fat was found dorsal to the cauda equina in 7 dogs, swelling of
the spinal roots in 7 dogs, and protrusion of the intervertebral disc in 8 dogs. After
lateral retraction of the cauda equina, additional ventral decompression of the
cauda equina was achieved in 10 dogs through dorsal fenestration and partial
discectomy of the degenerated disc.
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FPA

Fy-   of the pelvic limbs of the DLS group (day 0) were significantly smaller
than the Fy - of the pelvic limbs of the control group (Figure 1). There was no
significant difference between groups for Fy+ or Fz+ (Figure 1). P/T ratios for Fz+

(Table 1), Fy+ (Table 2) and Fy-   (Table 3) were calculated. There was no significant
change in P/TFy+ and P/TFz+ over 6 months (Table 1, 2). When looking at the
ratios for propulsion, 7 dogs had a large response, 3 dogs remained virtually the
same, and 2 of the dogs actually decreased their ratios compared with preoperative
values (Table 3). The mean ratio P/TFy-  initially decreased at 3 days then
progressively increased to normal over 6 months (Table 3). There was no significant
difference (P> 0.05, Student's t-test) between the DLS group and the control group
for P/TFy-  at 6 months (Figure 2).

Figure 1.  Mean ratio (± SD) between ground reaction forces (Fz +, Fy+, Fy-  ) of pelvic limbs and
thoracic limbs (P/T) in 24 healthy dogs (control) and 12 dogs with degenerative lumbosacral stenosis.
Forces/kg body weight is in Newton. *P < 0.05, Student's t-test compared with the control group

Fz+ for the control group (left thoracic limb [LT] = 6.23 ± 0.43 N, right
thoracic limb [RT] = 6.31 ± 0.41 N, left pelvic limb [LP] = 4.04 ± 0.57 N, and right
pelvic limb [RP] = 3.90 ± 0.57 N) had a distribution of percentage body weight on
each limb at walk of 30.4%, 30.8%, 19.7%, and 19.0%, respectively. Fy+ in the
control group was LT 34.2%, RT 32.5%, LP 17.1%, and RP 16.3%, whereas Fy -  was
LT 28.1%, RT 27.6%, LP 22.3%, and RP 22.0%. The distribution of Fy - for the
DLS group at day 0 was LT 30.0%, RT 30.6%, LP 19.1%, and RP 20.3%.
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Table 1. Pelvic limb/Thoracic limb ratio (P/T) for the peak vertical force (Fz+)

Table 2.  Pelvic limb/Thoracic limb ratio (P/T) for the peak braking force (Fy+)

Patient Number P/T for Fy+

Preoperative 3 days PO 6 weeks PO 6 months PO

1 0.49 0.55 0.60 0.57
2 0.45 0.46 0.39 0.37
3 0.68 0.63 0.61 0.76
4 0.60 0.75 0.50 0.46
5 0.36 0.45 0.43 0.44
6 0.67 0.69 0.59 0.50
7 0.67 0.53 0.62 0.61
8 0.59 0.60 0.56 0.65
9 0.33 0.38 0.39 0.39
10 0.62 0.60 0.66 0.68
11 0.57 0.58 0.54 0.58
12 0.49 0.49 0.46 0.52

Mean 0.54 0.56 0.53 0.54
SD 0.12 0.11 0.09 0.12

SD, standard deviation; PO, postoperative.

Patient Number P/T for Fz+

Preoperative 3 days PO 6 weeks PO 6 months PO

1 0.65 0.64 0.67 0.67
2 0.59 0.60 0.58 0.59
3 0.60 0.59 0.59 0.62
4 0.65 0.74 0.64 0.67
5 0.55 0.59 0.54 0.60
6 0.73 0.77 0.66 0.71
7 0.59 0.61 0.57 0.58
8 0.66 0.68 0.67 0.74
9 0.52 0.57 0.55 0.54
10 0.67 0.70 0.66 0.69
11 0.55 0.53 0.51 0.53
12 0.71 0.79 0.73 0.70

Mean 0.62 0.65 0.61 0.64
SD 0.07 0.09 0.07 0.07

SD, standard deviation; PO, postoperative.
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Table 3. Pelvic limb/Thoracic limb ratio (P/T) for the peak propulsive force (Fy- )

Patient Number P/T for Fy -

Preoperative 3 days PO 6 weeks PO 6 months PO

1 0.72 0.62 0.66 0.65
2 0.65 0.67 0.69 0.75
3 0.71 0.58 0.69 0.73
4 0.57 0.44 0.66 0.66
5 0.62 0.51 0.67 0.67
6 0.70 0.69 0.74 0.74
7 0.70 0.84 0.73 0.81
8 0.65 0.62 0.65 0.67
9 0.75 0.48 0.75 0.73
10 0.66 0.57 0.62 0.85
11 0.40 0.16 0.47 0.41
12 0.74 0.74 0.91 0.90

Mean   0.66*   0.58*   0.69* 0.71
SD 0.10 0.17 0.10 0.12

SD, standard deviation; PO, postoperative

* P< 0.05 (Student 's  t-test), compared with control group value P/TFy
- 
 = 0.81 ±  0.15

   P< 0.05 (Friedman 's test), compared with values 3 days after surgery
   P< 0.05 (Friedman 's test), compared with values 3 days and 6 weeks after surgery

Figure  2.    Mean ratio (± SD) between propulsive force Fy  - of pelvic limbs and thoracic limbs (P/TFy
- 
)

in 12 dogs with degenerative lumbosacral stenosis before (d0), 3 days (d3), 6 weeks (w6), and 6
months (m6) after dorsal laminectomy. Forces/kg body weight are in Newton. * P < 0.05, Student's

t-test compared with the control group value P/TFy
- 
 = 0.81 ± 0.15 (Figure 1).

P/TFy
-
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d0 d3 w6 m6

-1.02

-0.65

-1.04

-0.69

-1.03

-0.73

-1.03

-0.57

-1.00

-0.73

-1.07

-0.68

-0.97

-0.71
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Discussion

In dogs with DLS, the propulsive forces (Fy- ) of the pelvic limbs were
significantly smaller than those of the control dogs. The ratio pelvic/thoracic limb
propulsive force (P/TFy- ) was significantly smaller in dogs with DLS than in control
dogs, and increased during the follow-up period, reaching normal values 6 months
after decompressive surgery.

The first clinical research that used FPA to evaluate gait in dogs compared
total hip replacement with excisional arthroplasty for the treatment of hip
dysplasia.12 Since then FPA has been used for gait evaluation of healthy dogs17,18

and for objective evaluation of gait in dogs after surgical treatment of cranial
cruciate ligament rupture,13 triple pelvic osteotomy for treatment of hip dysplasia,14

surgical treatment of fragmented coronoid process,11 and medical treatment19 of
disease of the appendicular skeleton but to our knowledge has not been evaluated
for lumbosacral stenosis.

Two components in lumbosacral disease complicate its evaluation. First,
DLS is a neuro-orthopedic condition involving cauda equina that can result in
lameness whereas in most FPA studies the lameness has an orthopedic origin
involving disruption of structure and function of muscles, tendons, bones, and
joints. Second, DLS often results in bilateral pelvic limb lameness in contrast
with other studies that evaluate the locomotion of dogs with unilateral lameness.

Several of the early clinical studies using FPA may have been invalid
because they used the opposite limb as control. However, when evaluating
unilateral lameness, GRFs on the opposite limb are disrupted and cannot be used
as control. Also, most clinical patients are bilateral even if they show worse
lameness in only 1 limb. Therefore, in the present study a group of control dogs
was used to evaluate results in a valid manner.

In a previous FPA study on dogs with unilateral lameness associated with
fragmented coronoid process, the symmetry index (SI) was defined as the ratio
between the affected side and the contralateral side. SI was a valuable tool to
determine the shift of GRFs in the thoracic limbs. Based on data of normal dogs,
a SI    0.90 was considered normal.11 P/T, the ratio of GRFs between pelvic and
thoracic limbs was developed similarly to assess distribution of GRFs. Bilateral
pelvic limb lameness may result in a decrease of GRFs of the pelvic limbs and a
shift of body weight to the thoracic limbs thereby increasing the GRFs of the
thoracic limbs and decreasing the P/T.

>
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Fz+ for our control group has a distribution of percentage body weight in
each limb at walk that was in agreement with a study by Budsberg in normal dogs
and with studies performed in horses.17,20,21 For DLS dogs, the distribution of body
weight during walking was not different from normal dogs. The distribution of
Fy+ and Fy-  confirms the theory that the thoracic limbs mainly decelerate the dog
and the pelvic limbs propel the animal forward.11,17,22 Because the pelvic limbs
are mainly for propulsion and not for braking, this may explain why a significant
difference for the propulsive force was observed but not for the braking force.

The significantly lower Fy-  of both pelvic limbs in dogs with DLS compared
with control dogs resembles FPA findings in dogs with Hip dysplasia (HD)12,14

and explained by the clinical resemblance of dogs with HD or DLS. The decrease
in Fy - in dogs with DLS may be explained by the biomechanical consequence of
extension of the lumbosacral joint in case of extension of the pelvic limbs.3

Dogs with cauda equina compression prevent extension of the caudal
lumbar spine by limiting extension of the pelvic limbs explaining difficulties with
rising, jumping, climbing stairs, and a pain response to the lumbosacral pressure
test. Less use of the pelvic limbs results in a decrease in muscle tone and muscle
atrophy. Therefore, decreased propulsion of the pelvic limbs in dogs with DLS
may be because of a combination of pain upon hyperextension of the lumbosacral
joint and in the long term also because of a decreased ability for forward motion.
In accordance with this, the P/TFy-   in DLS patients (0.66) was significantly smaller
than the P/TFy-  in the healthy dogs (0.81). After an initial decrease of the P/TFy-  at
3 days, it significantly increased at 6 weeks and 6 months. The initial decrease in
P/TFy-  after surgery may be explained by a direct postoperative weakening effect
on propulsive forces after surgery. The dogs had cage rest for 3 days before they
were guided over the force plate. After 6 weeks of strict rest with short-leash walks,
the P/TFy-   (0.69) was still significantly different from the control group. Apparently,
at 6 weeks after surgery the dogs, although clinically improved and pain free, had
not regained normal pelvic limb muscle strength and volume. A gradual increase
in physical activity in the period from 6 weeks to 6 months resulted in an improved
P/TFy-  of 0.71, although the propulsive forces never equalled those of control
dogs. A possible explaination for this is that full restoration of muscle function
and muscle volume requires more time than 6 months. Also, there was a
considerable variation in the relatively small group of 12 dogs with DLS; 2 of the
dogs actually decreased their ratios compared with the preoperative values and
this is reflected in the ratio at 6 months after surgery.
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FPA is an objective method for gait analysis but a constant walking speed
is essential for verifiable data.23-27 Different handlers attributed only a small amount
of variation in FP data, indicating that multiple handlers may be used in experiments
without affecting the results.27 In our study, the velocity of the dogs was constant
during all FP runs at the 4 consecutive dates as monitored by photo-electric control.

For the evaluation of DLS patients, FPA is a valuable tool to detect altered
gait that may not be apparent with visual observation alone. The signs of DLS are
often vague, some dogs show no lameness on visual observation, but FPA revealed
decreased propulsive forces in the pelvic limbs. FPA enabled quantification of
lameness, however, it must be realized that the force was measured during a single
limb-plate contact time. FPA is not able to measure the complete complex of
disturbed locomotion involving    2 limbs at the same time (e.g., difficulty in rising
or jumping, stiffness or lameness after a period of exercise). Kinetics may not be
sensitive enough to distinguish subtle gait differences. In that case kinematics
may be more helpful in explaining the gait differences observed.

We conclude that a combination of the Fy-  and P/TFy-  rather than Fy+ and
Fz+ is important for evaluating gait in dogs with DLS. The ratio between the sum
of the peak propulsive forces of both pelvic limbs and the sum of the peak
propulsive forces of both thoracic limbs reflects the distribution of the propulsive
forces. This ratio was smaller in dogs with DLS than in normal dogs and the ratio
increased from 6 weeks to 6 months after surgery. Surgical treatment of dogs with
DLS resulted in restoration of the propulsive forces in the pelvic limbs 6 months
period after surgery.

Acknowledgements

The authors thank Ms. A. van Wees and Mr. H de Groot for the technical
assistance in the force plate analysis.

>



Chapter  6

���

References

1. Palmer RH, Chambers JN: Canine lumbosacral diseases. Part I. Anatomy, pathophysiology,
and clinical presentation. Compend Contin Educ Prac Vet 3:61-69, 1991

2. Chambers JN: Degenerative lumbosacral stenosis in dogs. Vet Med Report 1:166-180, 1989

3. Bürger R, Lang J: Kinetic studies of the lumbar vertebrae and the lumbosacral transition in the
German shepherd dog. Our personal investigations. Schweiz Arch Tierheilkd 135:35-43,
1993

4. Morgan JP, Bailey CS: Cauda equina syndrome in the dog: Radiographic evaluation. J Small
Animal Pract 31:69-77, 1990

5. Wheeler SJ, Sharp NJ: Lumbosacral disease, in: Small Animal Spinal Disorders: Diagnosis and
Surgery. St Louis, Mosby Wolfe, 1994, pp 122-134

6. Lenehan TM: Canine cauda equina syndrome. Compend Contin Educ Pract Vet 5:941-951,
1983

7. Danielsson F, Sjöström L: Surgical treatment of degenerative lumbosacral stenosis in dogs. Vet
Surg 28:91-98, 1999

8. Jones JC, Banfield CM, Ward DL: Association between postoperative outcome and results of
magnetic resonance imaging and computed tomography in working dogs with degenerative
lumbosacral stenosis. J Am Vet Med Assoc 216:1769-1774, 2000

9. Janssens LAA, Moens Y, Coppens P, et al: Lumbosacral degenerative stenosis in the dog, the
results of dorsal decompression with dorsal anulectomy and nucleotomy. Vet Comp Orthop
Traumatol 13:97-103, 2000

10. Linn LL, Bartels KE, Rochat MC, et al: Lumbosacral stenosis in 29 military working dogs:
Epidemiologic findings and outcome after surgical intervention (1990-1999). Vet Surg
32:21-29, 2003

11. Theyse LFH, Hazewinkel HAW, van den Brom WE: Force plate analyses before and after
surgical treatment of unilateral fragmented coronoid process. Vet Comp Orthop Traumatol
13:135-140, 2000

12. Dueland R, Bartel DL, Antonson E: Force plate technique for canine gait analysis of total hip
and excision arthroplasty. J Am Anim Hosp Assoc 13:547-552, 1977

13. Jevens DJ, DeCamp CE, Hauptman J, et al: Use of force-plate analysis of gait to compare two
surgical techniques for treatment of cranial cruciate ligament rupture in dogs. Am J Vet
Res 57:389-393, 1996

14. McLaughlin RM, Miller CW, Taves CL, et al: Force plate analysis of triple pelvic osteotomy
for the treatment of canine hip dysplasia. Vet Surg 20:291-297, 1991



Force plate analysis in dogs with DLS

���

15. Denny HR, Gibbs C, Holt PE: The diagnosis and treatment of cauda equina lesions in the dog.
J Small Animal Pract 23:425-443, 1982

16. Quist JJ, Dhert WJA, Meij BP, et al: The prevention of peridural adhesions, a comparative long-
term histomorphometric study using a biodegradable barrier and a fat graft. J Bone Joint
Surg 80-B:520-526, 1998

17. Budsberg SC, Verstraete MC, Soutas-Little RW: Force plate analysis of the walking gait in
healthy dogs. Am J Vet Res 48:915-918, 1987

18. Budsberg SC, Jevens DJ, Brown J, et al: Evaluation of limb symmetry indices, using ground
reaction forces in healthy dogs. Am J Vet Res 54:1569-1574, 1993

19. Hazewinkel HAW, van den Brom WE, Theyse LFH, et al: Reduced dosage of ketoprofen for
the short-term and long-term treatment of joint pain in dogs. Vet Rec 152:11-14, 2003

20. Gingerich DA, Newcomb KM: Biomechanics of lameness. J Equine Med Surg 3:251-252, 1979

21. Steiss JE, Yuill GT, White NA, et al: Modifications of a force plate system for equine gait
analysis. Am J Vet Res 43:538-540, 1982

22. Schryver HF, Bartel DL, Langrana N, et al. Locomotion in the horse: kinematics and external
and internal forces in the normal equine digit in the walk and the trot. Am J Vet Res
39:1728-1733, 1978

23. McLaughlin RM, Roush JK. Effects of subject stance time and velocity on ground reaction
forces in clinically normal Greyhounds at the trot. Am J Vet Res 55:1666-1671, 1994

24. McLaughlin RM, Roush JK: Effects of increasing velocity on braking and propulsion times
during force plate gait analysis in Greyhounds. Am J Vet Res 56:159-161, 1995

25. Riggs CM, DeCamp CE, Soutas-Little RW, et al: Effects of subject velocity on force plate-
measured ground reaction forces in healthy Greyhounds at the trot. Am J Vet Res 54:1523-
1526, 1993

26. Roush JK, McLaughlin RM: Effects of subject stance time and velocity on ground reaction
forces in clinically normal Greyhounds at the walk. Am J Vet Res 55:1672-1676, 1993

27. Jevens DJ, Hauptman JG, DeCamp CE, et al: Contributions to variance in force plate analyis of
gait in dogs. Am J Vet Res 54:612-615, 1993





Chapter  7

Assessment of decompressive surgery in dogs
with degenerative lumbosacral stenosis
using force plate analysis and questionnaires

N. Suwankong, B.P. Meij, N.J. van Klaveren, A.M.C.T. Wees,
E. Meijer, W.E. van den Brom, H.A.W. Hazewinkel

Department of Clinical Sciences of Companion Animals,
Faculty of Veterinary Medicine, Utrecht University, The Netherlands

In press Veterinary Surgery



Chapter  7

���

Abstract

Objective - To evaluate the long-term follow up after decompressive surgery in
dogs with degenerative lumbosacral stenosis (DLS), using force plate analysis
(FPA) and questionnaires to owners.

Study Design - Prospective clinical study.

Animals - 31 client-owned dogs with DLS and 24 clinically normal Labrador
Retrievers.

Methods - FPA was performed before surgery (31 dogs), and 3 days (31 dogs), 6
weeks (31 dogs), 6 months (31 dogs) and    1.5 years (12 dogs) after surgery. Peak
vertical forces (Fz+), braking (Fy+), and propulsive forces (Fy- ), and the
corresponding impulses were determined. Questionnaires were completed by the
owners before and at 6 months and   1.5 years after surgery.

Results - The Fy-  of the pelvic limbs and the ratio pelvic/thoracic of Fy- (P/TFy- )
were significantly smaller in dogs with DLS than those in the control group. The
Fy-  and P/TFy-  decreased significantly at 3 days after surgery, and increased during
6 months follow-up, but with long-term follow up the values remained the same
and were smaller than those in the control group. The questionnaires reported
significant improvement after surgery compared with function before surgery.
The majority of owners were satisfied with the results of surgery.

Conclusions - Propulsive forces of the pelvic limbs in dogs with DLS are impaired
and are partially restored by decompressive surgery.

Clinical Relevance - Owner's questionnaires illustrate that decompressive surgery
restores normal companion animal function as experienced by owners whereas
FPA continues to show impaired propulsive forces of the pelvic limbs.

Keywords - lumbosacral stenosis, force plate analysis, laminectomy
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Introduction

Degenerative lumbosacral stenosis (DLS) is a degenerative disease which
includes Hansen type II disc protrusion, hypertrophy of ligaments, and lumbosacral
instability.1-4 These entities contribute to narrowing of the vertebral canal and
intervertebral foraminae which results in compression of the cauda equina and
subsequent local inflammation. The most common signs are caudal lumbar pain,
difficulty to rise, reluctance to jump or climb stairs, and unilateral or bilateral
pelvic limb lameness.1-4 Preliminary diagnosis is based on history, clinical signs,
results of clinical examination and electromyography, and the diagnosis is
confirmed by contrast radiography, computed tomography (CT), and magnetic
resonance imaging (MRI).  Nonsurgical treatment consists of exercise restriction
and anti-inflammatory medication.5 Surgical treatment is indicated when pain is
severe and does not respond to medical treatment. Surgical decompression of the
cauda equina can be achieved by dorsal laminectomy, and when indicated, by
fenestration and partial discectomy.5,6 A surgical success rate of 41 to 78% has
been reported. 7-11

Force plate analysis (FPA) is a noninvasive, objective measurement of the
locomotion in humans and animals.12,13 It has been used to study normal gait 14,15

and to evaluate gait in diseased dogs, before and after medical and surgical
treatments. 16-25 The use of FPA can provide accurate and reproducible data on the
function of each limb and an objective measurement of the efficacy of treatment.
In a previous study in 12 dogs with DLS,25 ground reaction forces (GRFs) were
measured and surgical treatment restored the propulsive force of the pelvic limbs
in a 6-month period.

The purpose of this study was to evaluate, in an extended series of dogs
with DLS, the long-term follow up after decompressive surgery using FPA and
questionnaires to owners.

Materials and Methods

Animals

Thirty-one client-owned dogs with DLS, referred to the Department of
Clinical Sciences of Companion Animals, Utrecht University, and treated by
decompressive surgery, were included in the study. Diagnosis of DLS was based
on clinical examination,26 radiography, CT, and/or MRI. Imaging findings included
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degenerative changes between L7 and S1, step formation at the lumbosacral
junction, lumbosacral disc protrusion, loss of epidural fat and swelling of the
spinal nerve roots. Dogs with other lumbosacral diseases such as discospondylitis,
neoplasia, and traumatic injuries were excluded from the study.

Twenty-four healthy, Labrador Retrievers (6 intact males, 2 castrated males,
and 16 intact females) with a mean age of 1.8 ± 1.0 years and a mean body weight
of 26.7 ± 3.3 kg, that were free of orthopedic disease, were used as control dogs
for the FPA data.

Imaging

Survey radiography of the lumbosacral region was performed in sedated
dogs. Ventrodorsal and lateral views were made with the lumbosacral spine in
neutral position. CT and MRI of L6-S1 was performed under anesthesia with the
dogs in sternal recumbency with the pelvic limbs extended caudally. Both CT and
MRI were performed in 19 dogs whereas in 10 dogs only CT, and in 2 dogs only
MRI was performed.

CT was performed in 29 dogs. A third-generation CT scanner (Tomoscan
CX/S, Philips NV, Eindhoven, The Netherlands) was used in 23 dogs with the
exposure settings were 120 kV, 220 mA with 9 seconds scanning time. A single
slice helical CT scanner (Philips CT Secura, Philips Medical Systems, Eindhoven,
The Netherlands) was used in 6 dogs with the exposure settings were 120 kV, 360
mA with 1 second scanning time. Contiguous transverse 2-mm-thick CT slices were
obtained from the portion of the last lumbar to the caudal sacral vertebrae.
Transverse images were evaluated using both bone and soft tissue window settings.
Sagittal images were reconstructed from transverse images.

MRI was performed in 21 dogs using a 0.2 Tesla open magnet (Magnetom
Open Viva, Siemens AG, Germany). Dogs were positioned as for CT. T1-weighted
transverse and sagittal images were made with a repetition time of 510-624 ms
and an echo time of 26 ms. T2-weighted sagittal images were made with a repetition
time of 3835-4450 ms and an echo time of 117 ms. Pixel sizes of 0.95 x 0.71 mm
and 0.86 x 0.59 mm were used for sagittal and transverse planes, respectively.
Contiguous slice thickness was 3-mm.
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Surgical procedure and postoperative care

Amoxicillin and clavulanic acid (20 mg/kg) was administered intravenously
30 minutes before surgery during premedication of the dogs. Surgery was performed
in all dogs by the same surgeon (BPM) with the anesthetized dogs in sternal
recumbency. The caudal lumbar and lumbosacral spine was in neutral position
between flexion and extension. The pelvic limbs were in frog position with the
hock joints level with the ischiatic tuberosities. Dorsal laminectomy was performed
in all dogs with a motorized burr and Kerrison rongeurs. The cauda equina nerve
roots were identified and inspected for swelling and adhesions. Dorsal fenestration
and partial discectomy were performed in 14 dogs (14/31, 45%) to further relieve
compression. An autogenous fat graft was harvested from the subcutis and
transplanted to the laminectomy site to prevent dural adhesion.27

Postoperative treatment consisted of carprofen (2 mg/kg every 12 hours,
orally) and amoxicillin and clavulanic acid (12.5 mg/kg every 12 hours, orally)
for 14 days after surgery. The dogs were restricted on the leash allowing only
short walks for the first 6 postoperative weeks, followed by a gradual increase in
exercise activity during postoperative week 7 through 12.

FPA

FPA was performed before surgery and repeated 3 days, 6 weeks and 6
months after surgery. In 12 dogs FPA was also performed at 2.2 ± 0.5 years (median
2.0 years, range 1.5 to 2.8 years) after surgery.

The force plate was a quartz crystal piezoelectric Kistler force plate (Kistler
type 9261, Kistler Instrumente AG, Winterthur, Switzerland) together with the
Kistler 9865E charge amplifiers. The force plate itself was 60 cm wide and 40 cm
long, and was built mounted flush with the surface in the center of an 11 m long
walkway. The middle 5 m of the runway was bordered by a 50 cm high fence to
guide the dogs over the force plate. The GRFs were measured by force transducers,
which were located in every corner of the plate. The amplifiers were connected to
an Analog-Digital converter, interfaced with a computer that stored the signals.
The sampling rate was 100 Hz, and the recordings were saved on disk for further
processing. The signals corresponded with the GRFs in the mediolateral (Fx),
craniocaudal (Fy), and vertical (Fz) direction. The Fz was calibrated with a standard
weight before each recording session. Forward velocity of the dog was measured
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during FPA, using two photoelectric switches spaced 3 meters apart and centered
on the force plate and computer timing. The FPA recordings were automatically
started and stopped by these photoelectric switches.

All dogs were guided over the force plate on a leash at a walking gait with
speed of 1.1 ± 0.2 m/s. Data recorded from runs in which a thoracic limb and,
after a short interval, the ipsilateral pelvic limb contacted the plate were considered
valid. Each pass across the plate was evaluated by an observer, to confirm foot
strikes and gait. A minimum of 8 recordings were used for data processing. All
forces were normalized for body weight.

Questionnaires

Questionnaires were provided to the owners of the dogs for evaluation at
different time points, and responses were received before surgery (n=22), at 6
months after surgery (n=22), and     1.5 years after surgery (n=12). The questionnaire
included questions regarding the history and clinical symptoms before surgery,
and the progress in neuro-orthopedic functioning after surgery. The questionnaire
contained questions that resulted in YES or NO answers, free text answers, a
choice of pre-set answers, and answers on a 10-point frequency scale (i.e., 1-10:
ranging from "always" to "never") or a 10-point qualitative scale (i.e., 1-10:  ranging
from "very bad" to "very good") (Table 1).

Calculations and statistical analysis

The following parameters were used in the analysis: the peak vertical force
(Fz+), the peak braking force (Fy+), the peak propulsive force (Fy- ), as well as their
corresponding impulses. The forces are expressed as N/kg body weight and the
impulses as N-seconds/kg body weight. The symmetry index (SI) between the left
and the right side was calculated for each force. The SI was defined as the ratio
between the smallest value and the largest value. The Pelvic limb/Thoracic limb
ratio (P/T) for Fz+ (P/TFz+) was defined as the ratio of the sum of the peak vertical
forces of the pelvic limbs to the sum of the peak vertical forces of the thoracic
limbs. The P/T for Fy + (P/TFy +) and the P/T for Fy-  (P/TFy- ) were defined similarly.
Statistical analysis was performed using SPSS 11 for Windows (SPSS Inc, Chicago,
IL, USA). The Kolmogorov-Smirnov and Shapiro-Wilk test was used to determine
if the data of mean Fz+, Fy+, Fy- , their corresponding impulses, SI, and P/T ratios
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were normally distributed. When the data were not normally distributed, the
Friedman’s test was used for multiple comparison with Bonferroni correction for
P value of each pair comparison. A Student's  t-test was used for comparison between
the mean P/T of the DLS group and the control group. The reliability of the
responses to the questionnaires was tested by calculation of Cronbach's alpha.
Cronbach's alpha value of 0.70 or higher was considered to be reliable.28

Comparison of the mean scores of the questionnaires before surgery, at 6 months
and   1.5 years after surgery was conducted using the Wilcoxon Signed Ranks test.
All data are expressed as mean ± SD. The level of significance was set at P < 0.05.

Table 1.  Summary of the questions to the owners of dogs with DLS before surgery,
and at 6 months and   1.5 years after surgery (*).

Types Questions

1. YES or NO questions - Did your dog return to its use for which it
was intended before surgery?*

- Did symptoms return after surgery (after an
initial improvement)?*

2. Open questions - Does your dog refuse special movements?
- Which further treatment did you give your

dog after surgery?*
- How is your dog after surgery?*

3. Questions with a 10-points scale - How serious are the complaints in the pelvic
limb(s) of your dog?

- Does your dog have caudal lumbar pain?
- Has your dog difficulty rising/getting up?
- Has your dog difficulty lying down?
- Is your dog lame in the pelvic limb(s)?
-  Is your dog showing weakness in the pelvic

limb(s), (dragging its nails during walking,
irregular nails)?

- How is the muscle volume in the pelvic
limb(s) of your dog?

- How is the tail movement (wagging) of your
dog?

- Does your dog show loss of control of
urination?

- Does your dog show loss of control of
defecation?

>
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Results

Signalment and clinical signs

Twenty-two male dogs (13 intact, 9 neutered) and 9 female dogs (2 intact,
7 neutered) with a mean age of 5.4 ± 2.3 years and a mean body weight of 37.4 ±
13.5 kg were included in the study. Dog breeds included 9 German Shepherd
Dogs, 2 Great Danes, 3 Golden Retrievers, 2 Labrador Retrievers, 2 Border Collies,
2 Weimaraners, and 11 dogs of various other breeds. The majority of dogs were
kept as companion animals (25/31, 81%), and the others were working (hunting,
guarding, guiding) dogs.

In all dogs the lumbosacral pressure test evoked a pain reaction and 20
dogs showed pelvic limb lameness. The majority of dogs had difficulty with rising
and jumping, 4 dogs carried the tail low and 10 dogs had muscle atrophy of the
pelvic limbs.

Imaging findings

Radiography of 31 dogs revealed step formation at the lumbosacral junction
in 20 dogs (20/31, 65%), spondylosis deformans in 16 dogs (16/31, 52%), sclerosis
of the sacral end plate in 8 dogs (8/31, 26%), downward elongation of the sacral
lamina into the vertebral canal in 8 dogs (8/31, 26%), narrowing of the lumbosacral
intervertebral disc space in 5 dogs (5/31, 16%), and a transitional lumbosacral
vertebra in 2 dogs (2/31, 6%).

CT of 29 dogs revealed lumbosacral disc protrusion in 28 dogs (28/29,
97%), loss of epidural fat in 6 dogs (6/29, 21%), and swelling of the spinal nerve
roots in 16 dogs (16/29, 55%).

MRI of 21 dogs revealed lumbosacral disc protrusion in 20 dogs (20/21,
95%), loss of epidural fat in 4 dogs (4/21, 19%), swelling of the spinal nerve roots
in 12 dogs (12/21, 57%) and loss of the nucleus pulposus signal on T2-weighted
images in 19 dogs (19/21, 91%).

Surgical findings

Surgical findings included protrusion of the lumbosacral intervertebral
disc in 29 dogs (29/31, 94%), loss of epidural fat covering the dural sac in 12 dogs
(12/31, 39%), swelling of the spinal nerve roots in 13 dogs (13/31, 42%), and
bulging of ligamentum flavum in 5 dogs (5/31, 16%).
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FPA

Before surgery (day 0) the Fy-  and its corresponding impulse were
significantly smaller than those in the control group, while the Fz+ and Fy+ and
their impulses were not (Figure 1). This result persisted for the total study length.
The Fy-  and its impulse were significantly decreased at 3 days after surgery, then
progressively increased over a period of 6 weeks, remained the same at 6 months
after surgery (n=31), and decreased again at    1.5 years after surgery in 12 dogs
(Table 2).

The P/TFz+ and P/TFy+ were significantly higher at 3 days after surgery in
comparison with the values at 6 weeks after surgery (Table 3). The P/TFy-  was
significantly decreased at 3 days after surgery compared to the ratio before surgery
and that at 6 weeks and 6 months after surgery (Figure 2, Table 3). The P/TFy-  in
the DLS group was significantly smaller than that in the control group (Figure 3).
There was no difference for the force plate data between the group of dogs that
underwent dorsal laminectomy (n=17) and the group of dogs that underwent dorsal
laminectomy, dorsal fenestration and partial discectomy (n=14).

Figure 1.    Mean ratio ± SD of the peak ground reaction forces (Fz+, Fy+, Fy - )  between pelvic
limbs and thoracic limbs (P/T) in 24 healthy dogs (control) and 31 dogs with degenerative lumbosacral
stenosis. Forces per kg body weight are in N/kg.  * P < 0.05, Student's t-test compared with the
control group.
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Table 2. Mean ± SD of peak ground reaction forces (Fz+, Fy+, Fy -) in N/kg body
weight and their impulses (Iz+, Iy+, Iy -) in N-second/kg body weight of pelvic limbs
in dogs with degenerative lumbosacral stenosis

Parameters Time

Before surgery 3 days PO 6 weeks PO 6 months PO 1.5 years PO

(n=31) (n=31) (n=31) (n=31) (n=12)

Forces
LP Fz+ 3.89 ± 0.39 3.89 ± 0.47 3.75 ± 0.37 3.81 ± 0.39 3.88 ± 0.35

RP Fz+ 3.81 ± 0.38 3.89 ± 0.49 3.75 ± 0.40 3.85 ± 0.37 3.82 ± 0.45

SIP Fz+ 0.94 ± 0.04 0.95 ± 0.04 0.95 ± 0.04 0.95 ± 0.04 0.95 ± 0.04

LP Fy+ 0.64 ± 0.15 0.62 ± 0.14 0.62 ± 0.14 0.62 ± 0.16 0.61 ± 0.13

RP Fy+ 0.60 ± 0.15 0.61 ± 0.14 0.59 ± 0.13 0.60 ± 0.13 0.58 ± 0.14

SIP Fy+ 0.81 ± 0.11 0.85 ± 0.12 0.85 ± 0.11 0.84 ± 0.12 0.77 ± 0.12

LP Fy - -0.64  ± 0.11  -0.59 ± 0.17 -0.68 ± 0.14 -0.66  ± 0.12 -0.59  ± 0.12

RP Fy - -0.67 ± 0.12  -0.58 ± 0.13 -0.67 ± 0.12 -0.66  ± 0.13 -0.56  ± 0.11

SIP Fy - 0.89 ± 0.11 0.84 ± 0.15 0.87 ± 0.15 0.88 ± 0.15 0.88 ± 0.15

Impulses
LP Iz+ 1.53 ± 0.23 1.54 ± 0.24 1.58 ± 0.24 1.55 ± 0.25 1.55 ± 0.20

RP Iz+ 1.55 ± 0.25 1.56 ± 0.24 1.56 ± 0.25 1.58 ± 0.28 1.52 ± 0.21

SIP Iz+ 0.93 ± 0.05 0.94 ± 0.04 0.94 ± 0.05 0.95 ± 0.03 0.94 ± 0.03

LP Iy+ 0.08 ± 0.02 0.08 ± 0.02 0.08 ± 0.02 0.07 ± 0.03 0.07 ± 0.02

RP Iy+ 0.07 ± 0.03 0.08 ± 0.03 0.07 ± 0.02 0.07 ± 0.03 0.07 ± 0.02

SIP Iy+ 0.79 ± 0.15 0.79 ± 0.15 0.80 ± 0.13 0.80 ± 0.15 0.80 ± 0.14

LP Iy - -0.12 ± 0.04 -0.10 ± 0.04 -0.13 ± 0.04   -0.13 ± 0.04 -0.11 ± 0.03

RP Iy - -0.13  ± 0.04 -0.11 ± 0.04 -0.13 ± 0.04   -0.13 ± 0.04 -0.11 ± 0.03

SIP Iy - 0.84 ± 0.14 0.81 ± 0.15  0.81 ± 0.14 0.85 ± 0.12 0.85 ± 0.13

SD, standard deviation; PO, postoperatively;

LP, Left pelvic limb; RP, Right pelvic limb; SIP, Symmetry index of pelvic limbs

* P< 0.05, Friedman's test, compared with value at before surgery

   P< 0.05, Friedman's test, compared with value at 6 weeks PO

   P< 0.05, Friedman's test, compared with value at 6 months PO

   P< 0.05, Friedman's test, n=12, compared with value at 3 days PO
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Table 3. Mean ± SD of the ratio of Pelvic limb/Thoracic limb (P/T) for Fz+, Fy+,
Fy-  in dogs with degenerative lumbosacral stenosis

Parameters Time

Before surgery 3 days PO 6 weeks PO 6 months PO 1.5 years PO
(n=31) (n=31) (n=31) (n=31) (n=12)

P/TFz+ 0.61 ± 0.07 0.64 ± 0.08 0.59 ± 0.07 0.61 ± 0.07 0.61 ± 0.05
P/TFy+ 0.54 ± 0.12 0.57 ± 0.11 0.51 ± 0.09 0.53 ± 0.12 0.56 ± 0.12
P/TFy-- 0.66 ± 0.10 0.61 ± 0.14 0.68 ± 0.11 0.67 ± 0.12 0.63 ± 0.12

SD, standard deviation; PO, postoperatively;
LP, Left pelvic limb; RP, Right pelvic limb;
* P< 0.05, Friedman's test, compared with value at before surgery
   P< 0.05, Friedman's test, compared with value at 6 weeks PO
   P< 0.05, Friedman's test, compared with value at 6 months PO

Figure 2.  Box plot graph for the ratio of the peak propulsive force between pelvic limbs and
thoracic limbs (P/TFy -) in 31 dogs with degenerative lumbosacral stenosis before surgery (d0), and
at 3 days (d3), 6 weeks (w6), 6 months (m6), and     1.5 years (    y1.5) after surgery compared to
the control group value P/TFy -  = 0.81 ± 0.15 (line). The top and bottom of the box represent the
25th and 75th percentiles, respectively. A line is drawn through the box at the median (50th percentile).
Outliers are represented by points.  *P/TFy -  at 3 days after surgery is significantly different compared
to the value before surgery, and at 6 weeks and 6 months after surgery (P< 0.05).
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Questionnaires

The Cronbach's alpha values of the responses to the questionnaires were
0.70-0.85, indicating that the answers were reliable. The owners reported that
complaints in the pelvic limbs were present for mean 15.0 ± 13.9 months before
referral and that symptoms had worsened over time. The dogs with DLS refused
to perform specific movements (i.e., jumping in the car, walking stairs, squatting
during urination or defecation) (Table 4, Figure 4). After surgery, the majority of
dogs were restrained and were walked on the leash for 9.3 ± 3.8 weeks. At 6
months after surgery, 17 dogs (17/22, 77%) were functioning according to their
original use, 2 dogs (2/22, 9%) were not better than before surgery, and in three
cases (3/22, 14%) the owner was undecisive. At   1.5 years after surgery, 5 of 12
dogs (42%) were not suitable for their original use due to recurrence of caudal
lumbar pain.

Figure 3.   Ratio of the peak propulsive force between pelvic limbs and thoracic limbs (P/TFy -  ) in
31 dogs with degenerative lumbosacral stenosis before surgery (d0), and at 3 days (d3), 6 weeks
(w6), 6 months (m6), and    1.5 years (    y1.5) after surgery. Forces per kg body weight are in N/kg.
*P< 0.05, Student's t-test compared to the control group value P/TFy

- 
 = 0.81 ± 0.15 (Figure 1).
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Table 4. Results of questionnaires to owners of dogs with degenerative lumbosacral
stenosis (DLS) treated by decompressive surgery

Questions Time

Before surgery 6 months PO 1.5 years PO
N (%) N (%) N (%)

Refusal to jump 15/22 (69) 8/22 (36) 2/12 (17)
Refusal to walk stairs 9/22  (41) 3/22 (14) 2/12 (17)
Discomfort when grooming the caudal lumbar 7/22  (32) 3/22 (14) 2/12 (17)
Signs of pain during urination/defecation 5/22  (23) 1/22 (5) 2/12 (17)
Prolonged urination/defecation 7/22  (32) 1/22 (5) 1/12 (8)
Walking during urination/defecation 4/22  (18) 1/22 (5) 1/12 (8)
Normal urination/defecation 10/22 (46) 16/22 (73) 6/12 (50)

PO, postoperatively

Figure 4. Results (mean ± SEM)
of responses to the questionnaires
of dogs with degenerative
lumbosacral stenosis before
surgery, and at 6 months and      1.5
years postoperatively. A: Responses
to the questions concerning caudal
lumbar pain and lameness, B:
Responses to the questions
concerning muscle weakness and
neurological deficit. SEM =
standard error of mean, * P< 0.05,
Friedman's test, compared to value
at before surgery.
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Improvement of clinical signs occurred from 6 weeks to 3 months in 16 of
22 dogs (73%), from 3 to 6 months in 4 dogs (4/22, 18%), but in 2 dogs (2/22, 9%)
improvement was not complete. The complaints at 6 months after surgery had
completely resolved in 11 dogs (11/22, 50%), were considerably decreased in 8
dogs (8/22, 36%), remained the same in 2 dogs (2/22, 9%), and 1 dog developed
an unrelated problem (malignant lymphoma). In 18 dogs (18/22, 82%), the
complaints improved in 4.9 ± 6.0 weeks after surgery, pelvic limb function improved
in 4.7 ± 4.1 weeks, and function was normal in 10.7 ± 6.6 weeks after surgery.

Recurrence of clinical signs occurred in 6 dogs (6/22, 27%); in 3 dogs the
clinical signs became the same as before surgery whereas in the other 3 dogs mild
clinical signs developed 4 to 7 months after surgery in 3 dogs.

Ten dogs (10/22, 46%) were able to do everything compared to before the
onset of the complaints. However, 8 dogs (8/22, 36%) were not able to jump or to
play with other dogs, nor could they run with high speed, and the status was not
known in 4 dogs (4/22, 18%).

The majority of owners (20/22, 91%) were very satisfied to moderately
satisfied with the result of surgery and gave a mean score of 7.84 ± 2.09 and they were
very satisfied with the information supplied before the surgery (score 8.14 ± 1.6). At
   1.5 years after surgery, 5 dogs (5/12, 42%) had concurrent problems such as hip
dysplasia, thoracic limb lameness, or cardiovascular problems. Four dogs (4/12,
33%) were on anti-inflammatory medication (i.e., NSAIDs or steroids) for lameness
and/or recurrent caudal lumbar pain.

Discussion

DLS is a neuro-orthopedic condition involving the cauda equina which
may lead to unilateral or bilateral lameness. In agreement with this the dogs with
DLS in this study showed pelvic limb lameness, caudal lumbar pain, difficulties
with rising, jumping and climbing stairs. The degenerative changes that involved
one side of the spinal canal was the most probable cause of unilateral lameness.
Reduced use of the pelvic limbs results in muscle atrophy. The clinical signs of
DLS dogs in this study was similar to that published in previous studies.1-5, 25,29

In accordance with these clinical findings, the Fy- of the pelvic limb in
DLS patients was significantly smaller (i.e., less powerful) than that in the control
dogs. The Fy-  has a negative value and a more negative Fy-  indicates a greater
propulsive force. The propulsive force in the pelvic limbs decreases immediately
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after surgery, but restores at 6 weeks and 6 months after surgery. The decrease of
Fy-  of the pelvic limbs in dogs with DLS may result from pain in the lumbosacral
joint or from neurogenic weakness in the pelvic limbs.30

The ratio of GRFs between pelvic limbs and thoracic limbs was calculated
to evaluate the distribution of GRFs over the four limbs. Bilateral pelvic limb
lameness may result in a decrease of the GRFs of the pelvic limbs and a shift of
more bodyweight on the thoracic limbs thereby increasing the GRFs of the thoracic
limbs and decreasing the P/T. The P/TFy-  changed over the time of this study in
accordance with the change in the Fy- .

The initial decrease of the Fy-  and the P/TFy-  at 3 days after surgery may
be explained by a direct postoperative neurogenic weakening effect on propulsive
forces after surgery. During laminectomy the cauda equina is exposed and
manipulated to gain access to the intervertebral disc. This may result in a temporary
neurogenic muscle weakness of the pelvic limbs, postoperative caudal lumbar
pain and extra local inflammation.31, 32 The dogs had cage rest for 3 days before
they were guided over the force plate. After 6 weeks of strict rest with short walks
on the leash the Fy- and the P/TFy-  were improved. At 6 months after gradual
increase in physical activity the Fy-  and the P/TFy-  improved further but were still
significantly smaller than those in control dogs. It may be that in many dogs with
DLS with a clinical history of lameness of more than 1-year's duration, the
restoration of the muscle atrophy is prolonged and may take a longer period before
it is reflected in a normal propulsive force of the pelvic limbs. In our previous
study on dogs with DLS with a follow-up time of 6 months, the Fy-  and the P/TFy-

approached normal values within 6 months which represented the improvement
and restoration of the propulsive forces of pelvic limbs after surgical treatment.25

Other orthopedic problems in dogs with DLS may be responsible for the lack of
improvement in propulsive forces.

In this study, no difference was found in outcome (force plate data and
questionnaires) between dogs that underwent dorsal laminectomy and dogs that
underwent dorsal laminectomy and additional partial discectomy. Partial
discectomy may be needed in addition to dorsal laminectomy to fully decompress
the cauda equina, although it may lead to further instability of the lumbosacral
region.

In this study, the Fy-  and the P/TFy- decreased again over the long term
follow-up (  1.5 years). During this period the dogs became older and other
(orthopedic) problems may have influenced locomotion during this follow up
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period. Also, remnant instability and/or further degenerative changes at the
lumbosacral region during the follow-up period may have affected the propulsive
forces of the pelvic limbs.

Although FPA is an objective method for gait analysis, the technique has
limitations. The GRFs (Fx, Fy and Fz) are under the influence of the velocity of
the subject over the force plate. Measuring GRFs with a constant walking speed is
essential for verifiable data.33-37 Different handlers attributed only a small amount
of variation in force plate data.37 The three handlers in this study minimized the
variation in the speed of the dogs during all force plate runs as confirmed by the
photo-electric switches.

For the evaluation of DLS patients, FPA is a valuable tool to detect altered
gait that may not be apparent upon visual observation. Some dogs with DLS show
no lameness, some show unilateral lameness and some bilateral lameness. Despite
the variation, FPA revealed decreased propulsive forces in the pelvic limbs. FPA
enables quantification of lameness in one limb as only the force of a single step is
registered as the animal strikes the plate. FPA is not able to register complex
disturbances in locomotion or difficulties in rising, jumping, sitting or lying down.

The questionnaire is a subjective tool for evaluation of the treatment. It
registers the evaluation by the owners of their dogs. However, it may be difficult
for the owners to evaluate their dogs in some items especially when asked to
grade abnormalities on a 10-point scale. The results of questionnaires showed that
the improvement at 6 months after surgery was attributed to pelvic limb lameness,
caudal lumbar pain, and difficulty with rising, jumping or climbing stairs, while
many general complaints (i.e., reduced endurance, reluctance to walk or play,
abnormal walking) remained. This may be due to recurrence of DLS or other
concurrent problems, or due to the dogs getting older.

The muscle of the pelvic limbs in dogs with DLS may be decreased due to
inactivity, or due to compression on L6, L7 and S1 nerve roots. In this study, the
muscle mass of pelvic limbs increased as was subjectively assessed by the owners
over a 6-month period after surgery. In order to stimulate muscle regeneration and
muscle force of the pelvic limbs, a rehabilitation program including hydrotherapy
can be beneficial and may prove its additional value in dogs after surgery for
DLS.

The results of the questionnaires indicate that clinical signs improved in
73% of the dogs and 46% were able to perform at the same level as before the
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onset of the complaints. The results in the present study are comparable to the
results in the study by Janssens et al8 which, using the same questionnaire, reported
improvement of clinical signs in 69% and complete cure in 53% of the dogs.

In conclusion, the combination of the FPA (Fy-  and P/TFy- ) and the
questionnaire resulted in valuable information on the outcome of the surgical
treatment of dogs with DLS. The Fy-  and the P/TFy-  were smaller in dogs with
DLS than those in the control dogs and they decreased at 3 days after surgery.
Forces increased to 6 weeks, and remained the same up to 6 months after surgery.
FPA did not demonstrate a complete return to normal gait. Even at longer follow-
up times GRFs remained smaller than those in control animals. However,
questionnaires to owners show that decompressive surgery for DLS is beneficial
to the function of the dog as a companion animal even with long-term follow-up.
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Abstract

Objective - To determine the biomechanical flexion - extension forces in canine
lumbosacral cadaver specimens, before and after dorsal laminectomy with partial
discectomy, and following dorsal pedicle screw-rod fixation of L7 and S1.

Study Design - In vitro biomechanical cadaver study.

Materials - Cadaver spine specimens of 12 mature, intact Labrador Retrievers.

Methods - Lumbosacral spine segments were subjected to a constant bending
moment from L6 to S3 in a hydraulic 4-point bending materials testing machine.
Force and displacement were recorded during each loading cycle constituting one
complete flexion-extension cycle of the spine. Each spine segment underwent 3
series of recordings of 5 loading cycles each: 1) intact spine, 2) after surgical
destabilization by dorsal laminectomy and partial discectomy, and 3) after surgical
stabilization using dorsal pedicle screw-rod fixation.

Results - After dorsal laminectomy and partial discectomy, the neutral zone and
range of motion were not different from those in the native spine specimen. After
pedicle screw-rod fixation, the neutral zone and range of motion of the instrumented
specimen significantly (P<0.0001) decreased compared with the native specimen
and the specimen after dorsal laminectomy.

Conclusions - In normal lumbosacral cadaver specimens, dorsal laminectomy and
partial discectomy does not lead to significant spinal instability in flexion and
extension whereas pedicle screw and rod fixation effectively stabilizes the
lumbosacral spine.

Clinical Relevance - Dorsal laminectomy and partial discectomy does not lead to
significant spinal instability. Pedicle screw-rod fixation of L7 and S1 may be used
to stabilize the instable L7-S1 junction in dogs with degenerative lumbosacral
stenosis.

Keywords - dog, lumbosacral, spine, biomechanical, laminectomy, pedicle.
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Introduction

The lumbosacral disc is the largest disc of the canine spine and the
lumbosacral junction enables considerable more motions than the lumbar junctions
cranial to L7-S1.1 The lumbar and  lumbosacral spine allows motions in three
dimensions, i.e., flexion and extension, bilateral axial torque and bilateral bending.1

Degenerative lumbosacral stenosis (DLS) is a common cause of caudal lumbar
pain in large breed dogs and is associated with fibroid (Hansen type II) disc
degeneration, lumbosacral instability with ventral subluxation of the sacrum
relative to L7, and degenerative bone and soft tissue changes.2,3 Dorsal laminectomy
with partial discectomy is the most common surgical treatment for DLS and the
aim is to alleviate the cauda equina compression.2,4-6 In most cases, the clinical
signs can be remarkably reduced and outcome following decompressive surgery
in recent follow-up studies varied from 69% to 93%.2,4-6 Force plate analysis of
dogs with DLS showed that impaired propulsion of the pelvic limbs increased
after decompressive surgery, but normal propulsion was not reached.7  Residual
complaints after surgery and recurrence of clinical signs may be due to several
causes. Dorsal laminectomy and discectomy may further destabilize the
lumbosacral junction and accelerate the development of degenerative changes,
which, after initial improvement, may result in worsening of caudal lumbar pain
in the long term.8,9 Clinically, this may underscore the importance of lumbosacral
support after decompressive surgery.

In humans with caudal lumbar pain due to adult isthmic spondylolisthesis,
there is anterior subluxation of L5 relative to S1 (or L4 relative to L5)10,11  whereas
in dogs with DLS and lumbosacral instability there is ventral subluxation of L7
relative to S1.2,3,12  In humans with chronic low back pain, the standard for surgical
treatment of caudal lumbar stenosis is fusion of vertebral segments.10 This can be
achieved with interbody fusion through an anterior or posterior approach, using
fusion cages and autologous bone graft, with instrumentation like posterior pedicle
screw and rod fixation.10,13 In dogs with cauda equina compression, L7-S1 fixation-
fusion has been described using pin fixation of both L7-S1 articular facets and an
overlying bone graft dorsally.14 The use of pedicle screw and rod fixation in the
canine lumbosacral spine has been described by Méheust et al.15 in the French
veterinary literature but the device has not undergone biomechanical testing in
vitro.  Also, apart from a clinical study by the same author using the device in
five dogs with lumbosacral instability,16 no further studies on pedicle screw and
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rod fixation in dogs appeared in the veterinary literature. A similar technique
constituting dorsal insertion of screws in the pedicles of L7 and S1 and embedding
the screw heads in a cement bridge has described in a veterinary textbook.2

In vitro testing of surgical approaches and new spinal implants under
laboratory conditions allow an estimate of the expected clinical outcome. From
the current standard surgical treatment in dogs with DLS, the question arises
whether dorsal laminectomy and discectomy further destabilizes the lumbosacral
junction. From the availability of pedicle screws and rods in various sizes for
spinal application in humans and the clinical experience with instrumented
posterior fixation and fusion for caudal lumbar stenosis, the question arises whether
this technique may be used in dogs with similar disease.

The aim of this study was to determine the biomechanical flexion - extension
forces in lumbosacral cadaver specimens of healthy dogs, before and after dorsal
laminectomy with partial discectomy, and following dorsal pedicle screw-rod
fixation.

Materials and Methods

Materials

Cadaver specimens of 12 mature intact Labrador Retrievers (4 males and 8
females) were collected after termination in another unrelated experiment for
which approval was obtained from the Ethical Committee for Laboratory Animals,
Utrecht University, The Netherlands. The body weight ranged from  20.5-29.5 kg
(median, 23.0 kg) and age ranged from 1.7-5.8 years (median, 1.7 years). During
their life span the dogs were regularly walked with an animal technician. The dogs
had received the greatest care according to the current standards for keeping
laboratory animals. The dogs had no history of cauda equina syndrome and
radiographs of the lumbosacral region showed no signs of degenerative lumbosacral
stenosis. Computed tomography was not performed.

Specimen preparation

Immediately following euthanasia, the lumbosacral spines of the 12 dogs
were harvested. The segments included the spine from L4 to the tail base with the
pelvis attached. The segments were cleared from excess muscle and pelvic canal
tissue, while all ligamentous tissue was left intact. Specimens were wrapped in
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several layers of wet towels and frozen at -20 OC. The specimens were kept frozen
for no longer than 30 days. Prior to testing the segments were left to thaw for 24
hours at 4 OC. On the day of the experiment the spine segment was separated in
the iliosacral joint from the pelvic bone using an electrical bone saw. The spine
segment ends were sawed off at L4-L5, cranially, and at level Cd1-Cd2, caudally so
that the final specimen ran from L5 to Cd1. Next, the spinous process and both
transverse processes of L5 were removed with the saw. For additional holding
power, iron screws were inserted in the vertebral body of L5 and Cd1, leaving 1.5
cm screw head and shaft free at the spine segment ends. Perpendicular to the first
screw, a second screw was inserted through-and-through L5 and S3, leaving 1 cm
screw point and 1 cm screw head free. Vertebra L5 and S3-Cd1 and the protruding
screw ends were completely embedded in metal cups in which the empty space
was filled with heated (60 OC)  cerro-low147, keeping all articulating parts free.
After cooling and hardening of the cerro-low147 it was made sure that the L6-L7
and L7-S1 junction were able to move freely in the flexion-extension plane before
the specimen was inserted with the metal cups in the holders of the testing machine.
During preparation and testing the specimens were kept moist by regular spraying
with saline.

Specimen testing

The bending moment was applied in a 4-point bending device. The specimen
was subjected to a constant bending moment from L6 to S3. The load was applied
using a hydraulic materials testing machine (Instron Model 8872 Instron & IST,
Canada) (Figure 1). The vertical displacement of the cross head of the Instron was
equivalent to the angle of bending in the four point bending test. The bending
moment started with flexion and increased at a constant rate to a maximum of 3
Nm. Subsequently, the loading direction was reversed after which the bending
moment increased, now with extension of the spine at the same loading rate, to a
maximum of -3 Nm. This loading cycle was repeated 5 times which completed
one series of recordings. Load and vertical displacement of the cross head on the
Instron were recorded at a frequency of 10 Hz (Instron Fast Track 2). The loading
protocol was displacement controlled. Angular displacement was applied at a
constant rate of 0.005 radians/sec until a maximum bending moment of 3 Nm was
reached. Each spine segment underwent 3 series of recordings of 5 loading cycles
each. In between, the spine segment with metal cup holders was removed from
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the testing machine for the surgical procedures. All recorded data were stored on
a hard disk for analysis.

Figure 1.   Photograph of specimen
(inset) on the 4-point bending
hydraulic testing machine for load-
displacement measurement.

Testing steps

The specimens were tested sequentially as follows:

1. Intact spine (Figure 2A). The intact spines were first tested in 5 loading cycles
of flexion and extension. This step generated baseline values for use in
subsequent comparisons.

2. Surgical destabilization by dorsal laminectomy and partial discectomy (Figure
2B). After testing of the intact spine, the interspinal ligament between L7
and S1 was sharply resected and the spinous process of L7 and S1-S2 were
removed with a rongeur. Using an electrical burr, a dorsal midline
laminectomy was performed that included the caudal 2/3 of the lamina of L7
and the lamina of S1-S2. The articular facet joints were left intact. The laminar
defect measured a median width of 10.3 mm (range 9 to 12 mm) and a median
length of 30.8 mm (range 27 to 35 mm). The ligamentum flavum was sharply
resected and the cauda equina and epidural fat were reflected laterally.
Discectomy started by cutting a rectangular window  in the annulus fibrosus
(annulotomy) on the dorsal side. The rectangular window measured a median
length of 4.1 mm (range 3 to 5 mm) and a median width of 8.6 mm (range 8
to 10 mm). The fibrous annulus material was removed until nucleus pulposus
material was encountered. Partial discectomy was completed by removing
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as much of nucleus pulposus as possible through the window of annulus.
After discectomy the median depth measured 8.8 mm (range 7 to 12 mm).

3. Surgical stabilization using dorsal pedicle screw-rod fixation (Figure 2C). After
testing of the destabilized spine, the spine was stabilized using pedicle screw-
rod fixation. Four 25-mm-long 4.0 mm titanium pedicle screws (USS Small
Stature, Synthes, Zeist, The Netherlands) were used. The entry points for the
2 screws in L7 were the intersection of a vertical line tangential to the lateral
border of the cranial articular process of L7 and a horizontal line, bisecting
the transverse process of L7 (Figure 3A). The entry points for the screws in
S1 were the intersection of a vertical line tangential to the caudal border of
the cranial articular process of the sacrum and a horizontal line midway
between the caudal border of the cranial articular process of S1 and the cranial
border of the intermediate sacral crest (Figure 3B). The pedicle screws
converged 10-15o in the vertical plane. Briefly, the inserting method of the
screw-rod fixation went as follows. The dorsal cortex of the pedicle was opened
using the awl. The pedicle canal was opened using the pedicle probe. The
soft cancellous bone was displaced by advancing the probe into the pedicle
canal, carefully rotating the probe back and forth along its axis. The depth of
the canal was measured using the depth markers on the probe's shaft. When
the probe resisted advancement at the distal cortex, the probing was stopped.
Care was taken not to perforate the walls of the pedicle. The internal walls of
the pedicle were palpated using a straight ball-tip probe. The screws were
inserted approximately 50-80% into the vertebral body. The screws were
aligned along the same longitudinal axis to facilitate rod placement. Two 5
cm long titanium rods with a diameter of 5 mm were used for fixation. The
rods were placed and, if necessary, the screws were adjusted so that they
were all at approximately the same level. The rods were straight or slightly
contoured with the curvature downward using a rod bender. Once the rod
fitted nicely in all 4 screws, the sleeves and nut were applied and tightened.
Then the stabilized spine with the metal cups was loaded in the machine for
final testing.



Chapter  8

���

Figure 2.  A) Native canine lumbosacral
cadaver specimen with spine ends
embedded in metal cups with cerro-low147,
B) following dorsal laminectomy and
partial discectomy and C) after pedicle
screw-rod fixation.

Figure 3.   Schematic drawing of dorsal view of L7 (A) and the sacrum (B) with entry points  x  for
pedicle screws.

C

A B

A B
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Radiography

After the testing steps, each spine segment was freed from the metal cups
by heating the cerro-low147 with the screws and rods still in place. The specimens
were cleaned from cerro-low147 debris and lateral and ventrodorsal radiographs
were taken.

Data analysis and statistics

Mean and standard deviation (SD) were calculated for the neutral zone
(NZ), the elastic zone (EZ), the range of motion (ROM), and the elastic zone
stiffness (EZS).17  The neutral zone, i.e., the laxity of the spinal segment, describes
the range over which the specimen moves essentially free of applied loading. The
neutral zone was defined as the total difference in displacement (in mm) at zero
load between the two phases of motion (flexion and extension) and was subdivided
in the NZ(+)flexion and NZ(-)extension. The elastic zone i.e., the deformation of
the spinal segment, was defined as the displacement (expressed in degrees) from
the end of the neutral zone to the point of maximal loading (+3 Nm in flexion and
-3 Nm in extension). The elastic zone was subdivided in the EZ(+)flexion and the
EZ(-)extension. The range of motion during flexion [ROM(+)flexion] is defined
as the sum of the neutral zone and the elastic zone of the spine specimen in flexion.
The range of motion during extension [ROM(-)extension] is defined as the sum of
the neutral zone and the elastic zone of the spine specimen in extension. The
ROM(total) is the sum of the absolute values of ROM(+)flexion and the ROM(-)
extension. The elastic zone stiffness characterizes the relatively elastic deformation
of the specimen and is defined as the quotient of the loading to the deformation or
displacement in the elastic zone during flexion [EZS(+)flexion] or during extension
[EZS(-)extension]. The spatial data collected from the tests were converted to
angular displacements (degrees) and the testing steps (native segment, dorsal
laminectomy, and instrumented segment) were compared with one another.
Student's  t-test for paired samples was used to compare mean values. P < 0.05 was
considered statistically significant.
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Results

Using the entry points, the shafts of the pedicle screws were adequately
and completely inserted in the pedicles of L7 and S1 as was assessed by visual
inspection and palpation. The screw tip ends in L7 were incorporated in the
vertebral body and the screw tip ends in S1 penetrated the ventral cortex of the
vertebral body for 1-2 mm, as was evident on the spine specimen itself and on the
radiograph that was taken of each specimen after all testing steps (Figure 4). During
insertion no fractures of the articular facets of L7 occurred and all pedicle screws
had firm holding power in the spine segments. No loosening of implants was
observed during or after testing.

Figure 4.  Lateral (A) and ventrodorsal (B) radiograph
of lumbosacral cadaver specimen with pedicle screw-rod
fixation device between L7 and S1.

A

B

The typical bending test started with flexion and the load increased to a
maximum of 3 Nm. Subsequently, the loading direction was reversed and with
increasing load the spine went into extension up to a maximum loading rate of -3
Nm after which the loading direction reversed again (Figure 5).
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The neutral zone of the native segment in flexion was approximately twice
the value of the neutral zone in extension (Table 1), whereas for the elastic zone
this was the opposite, i.e., the elastic zone in extension was approximately twice
the value of the elastic zone in flexion. The range of motion and the elastic zone
stiffness of the native segment was approximately the same in flexion and extension
(Table 1).

After dorsal laminectomy and partial discectomy, the neutral zone and
range of motion slightly increased and the elastic zone stiffness slightly decreased
but the differences with the native specimen were not significant (Table 1). The
shape of the bending curve after dorsal laminectomy remained largely unchanged
(Figure 5).

After pedicle screw-rod fixation, the neutral zone and range of motion of
the instrumented spine specimen significantly (P<0.0001) decreased compared
with the native specimen and the specimen after dorsal laminectomy (Table 1).
The remnant neutral zone in the instrumented specimen was approximately the
same in flexion and extension. The total range of motion of the native segment
(27.5 ± 5.1o) slightly (not significantly) increased after dorsal laminectomy and
partial discectomy (29.1 ± 5.6o) and then significantly decreased after pedicle
screw-rod fixation (11.7 ± 3.3o). After pedicle screw-rod fixation the elastic zone
stiffness of the spine specimen in extension was significantly (P=0.018) reduced
compared with the native segment (Table 1). In flexion, the elastic zone stiffness
of the spine specimen showed a tendency (P=0.051) towards reduction compared
with the native segment.

Figure 5.  Typical load -
displacement curve in canine
lumbosacral cadaver spine
specimen during cyclic
loading (extension and
flexion). Native segment,
following  dorsal laminectomy
and partial discectomy, and
instrumented specimen
following pedicle screw-rod
fixation.
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Table 1. Mean ± SD for spine loading parameters during flexion and extension in
normal canine lumbosacral cadaver specimens before (native, N) and after dorsal
laminectomy-partial discectomy (D) between L7-S1 and pedicle screw-rod
fixation (F).

Biomechanical Native (N) Dorsal    Pedicle screw          P values
load parameter laminectomy &   & rod fixation  N - D N - F D - F

discectomy (D)           (F)

NZ(-)ext (o) -5.318 ± 2.355 -5.612 ± 4.153 -1.101  ± 0.551 0.812 0.000 0.003
NZ(+)flex (o) 9.307 ± 4.128 11.863 ± 4.777 1.448 ± 0.900 0.170 0.000 0.000
NZ total (o) 14.625 ± 4.636 17.475 ± 5.156 2.549 ± 1.239 0.168 0.000 0.000
ROM(-)ext (o) -13.640 ± 2.439 -14.292 ± 5.123 -6.285 ± 2.694 0.678 0.000 0.000
ROM(+)flex (o) 13.858 ± 4.329 14.802 ± 4.668 5.432 ± 1.770 0.591 0.000 0.000
ROM total (o) 27.497 ± 5.062 29.094 ± 5.563 11.717 ± 3.277 0.470 0.000 0.000
EZS(-)ext (Nm/o) 1.802 ± 0.328 1.496 ± 0.492 1.319 ± 0.384 0.090 0.018 0.258
EZS(+)flex (Nm/o) 1.986 ± 0.897 1.522 ± 0.535 1.413 ± 0.353 0.138 0.051 0.562

NZ: neutral zone; ROM: range of motion; EZS: elastic zone stiffness; ext: extension; flex: flexion.

Discussion

New implants and new surgical approaches should be tested in vitro for
primary stability in standardized laboratory tests in order to decide the most
appropriate approach before being accepted for clinical use.17 In an experimental
study in beagles that underwent spine destabilization followed by different spinal
fusing techniques, the dogs treated with pedicle screw and rod fixation had
significantly lower neuropathological spinal cord abnormalities than the dogs
treated with sublaminar fixation with wires and rods.18 In this controlled animal
study, the advantage of pedicle screws that do not violate the spinal canal was
confirmed.18 Lumbosacral instability leading to cauda equina syndrome occurs
especially in middle and large size dog breeds.19 In clinical veterinary literature a
technique was reported whereby screws were inserted in the canine L7 and S1
pedicle which were then connected by embedding the screw heads with a cement
bridge.2 However, the use of pedicle screws manufactured for humans has not
been described despite their commercial availability for more than a decade. The
primary reason for this is their high cost and the difference in size of the human
and the canine vertebral pedicle. In a preliminary cadaver study by the authors in
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Labrador-sized dogs, the use of pedicle screws for adult humans led to fracture of
the lateral and the medial wall of the pedicle, with the shaft of the pedicle screw
visible in the vertebral canal of the L7-S1 junction. Since the pedicle screw deduces
its holding power from bone contact and grip on the inner side of the lateral and
medial pedicle wall, it was concluded that the pedicle screws designed for adults
were too large for a veterinary application in middle and large-sized dogs. With
the availability of titanium pedicle screws for children in sizes that better fit an
adult canine vertebral pedicle, the present study was undertaken to evaluate flexion
and extension loads in canine lumbosacral cadaver spine specimens, before and
after dorsal laminectomy and partial discectomy and following pedicle screw and
rod fixation of L7 and S1.

Using the entry points described in this study the screws were adequately
seated in the pedicles of L7 and S1 in all specimens. Direct observation of the
spine specimens enabled assessment of the positioning of the pedicle screws. No
fracture of the lateral wall of the L7 pedicle or entry of the spinal canal was
observed. Also, radiographs showed correct positioning of the screws free of the
lumbosacral disc space. The screw ends in L7 were completely seated in the
vertebral body whereas the screw ends in S1 emerged on the ventral side for 1-2
mm. It is assumed that this will not pose a problem in vivo since the vertebral
column is covered on the ventral side with a protective soft tissue muscle layer.
Recently, a computed tomography study defined the characteristics of optimum
dorsal implantation corridors in canine vertebral bodies.20 The lumbar vertebrae
have broad corridors with vascular structures far from the emergence points. The
last lumbar vertebra and the sacrum have a broad pedicle which provides an
excellent site for dorsal implantation.20 The accuracy of pedicle screw placement
for lumbar fusion has been studied in human lumbar cadaver specimens using the
anatomic landmarks versus open laminectomy.21 The latter technique allows
pedicle visualization and palpation, like in our study. It was concluded that all
screw placements were within the confines of the pedicles, regardless of the
technique, as evidenced by computer tomographic analysis. Laminectomy did not
weaken the final pedicle screw and rod-fixated constructs, as was also observed in
our study in canine cadaver specimens. Both techniques yielded biomechanical
equivalent pedicle screw and rod-fixated constructs.21 The standard open technique
for insertion of screws requires extensive tissue dissection to expose the entry
points, resulting in tissue damage and blood loss. For that reason percutaneous
insertion of cannulated pedicle screws have been developed for use in humans in
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combination with posterior lumbar interbody fusion.22 Computed tomographic
assessment of the position of these percutaneously inserted screws showed an
overall rate of screw perforation of 23% making this closed approach a demanding
technique requiring extreme care for detail.22 Hydroxyapatite-coating of pedicle
screws improved their resistance against pull-out force in the osteoporotic canine
lumbar spine model.23

After dorsal laminectomy and partial discectomy between L7 and S1 with
preservation of the articular facets in our canine lumbosacral spine specimens,
there was no significant increase in spinal instability as was reflected by largely
unchanged range of motion and neutral zone during flexion and extension. This is
in accordance with a previous in vitro biomechanical study of the effects of surgical
modifications upon the canine lumbosacral spine that showed that dorsal
laminectomy alone had no significant effect upon the stiffness of the lumbosacral
motion unit in dorsiflexion or ventroflexion.24 Addition of discectomy had no
significant effect in dorsiflexion but decreased stiffness in ventroflexion by 33%,
and stiffness in both directions deteriorated further by bilateral facetectomy.24

Previous biomechanical investigations of discectomy in human cadaver lumbar
spine segments indicate a correlation between the volume of resected disc materials
and the range of motion of an injured intervertebral segment. Panjabi et al25

reported that annulus injury with removal of the nucleus pulposus altered the
mechanical properties of the lumbar spinal unit. Lumbar human specimens injured
by partial discectomy, when subjected to flexion, extension, lateral bending, or
axial torsion loads, showed significant increases in their major motions when
compared with the corresponding intact specimen.26 In cadaver biomechanical
testing using the whole human lumbar spine, subtotal discectomy induced
significantly less motion at the injury site than total discectomy, in all loading
modes.27 Motion analysis of the entire human lumbar spine after multilevel
fenestrations and discectomies affect lumbar spine stability in flexion but have no
effect on stability in lateral bending or axial rotation.28 In our canine cadaver
biomechanical study a slight increase in motion was observed in flexion-extension
load testing of the L6-S1 spine segment following dorsal laminectomy and partial
discectomy, but the difference with the native specimen was not significant.
However, from our study it cannot be concluded that the entire canine lumbosacral
junction remains stable after dorsal laminectomy and partial discectomy. In
humans 29, 30 as well as in dogs31,32 the three-dimensional motion pattern in the
caudal lumbar and lumbosacral spine is complex and the study of one dimension,
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e.g., flexion-extension load testing is informative but not complete. Also, it was
found that vertebral columns of German Shepherd dogs had significantly less
main motion in all directions than that of dogs of other breeds.31

Clinically, most reports in humans indicate that limited lumbar discectomy
does not lead to spinal instability shortly after surgery. In a comparative study of
two discectomy groups, differing in nucleus pulposus volume removal, it was
shown that at an average of 3 years after surgery, changes visible in imaging studies
such as a decrease in disc height and an increase of intervertebral instability, were
significantly less common in the subgroup in which the center area of the disc
was preserved, compared with the subgroup in which complete removal of the
disc was attempted.33  The effects of flexion-extension cyclic loading on the motion
behaviour of the lumbar spine after different discectomies has been studied.9 Cyclic
flexion-extension loads after discectomy may increase ROM, leading to spinal
instability even if the increase in ROM does not occur immediately after surgery.9

Clinically, this may underscore the importance of lumbar support in humans after
decompressive discectomy. Over time, factors such as amount of disc removal,
the size and location of the annulus cut, repetitive loading on the spine, degenerative
changes and scar tissue formation appear to be the major factors that contribute to
spinal stability or instability in a particular patient.9 In accordance with these
findings in humans and the findings that the canine lumbosacral junction does not
become immediately instable after dorsal laminectomy-discectomy in flexion-
extension load testing (this study), the authors reported in a prospective study on
dogs with DLS that initially, i.e., within 6 months after decompressive surgery,
the dogs showed a marked improvement as was assessed with questionnaires to
owners of dogs and force plate analysis study.7,34 However, with longer follow-up,
i.e., at 2 years after decompressive surgery, propulsive forces of the pelvic limbs
deteriorated again which may be due to accelerated degeneration and instability
of the lumbosacral disc.34

After pedicle screw and rod fixation the lumbosacral spine specimen was
effectively stabilized as reflected in significant reductions of the neutral zone and
range of motion in flexion and extension. However, the spine segment was not
completely rigid which is due to the remnant motions originating from the L6-L7
junction. Usually the L6-L7 disc is not affected in dogs with DLS and it can be
hypothesized that, when this procedure is performed in vivo in dogs, the L6-L7
disc takes over the function of the lumbosacral junction. Whether this subsequently
will lead to early degeneration of the L6-L7 disc needs to be investigated in future
in vivo follow-up studies.
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It is concluded that in normal cadaver lumbosacral specimens, dorsal
laminectomy and partial discectomy does not lead to significant spinal instability
in flexion and extension load force bending tests whereas pedicle screw and rod
fixation effectively stabilizes the lumbosacral spine. Pedicle screw-rod fixation of
L7 and S1 may be used to stabilize the instable L7-S1 junction in dogs with
degenerative lumbosacral stenosis with or without dorsal laminectomy and partial
discectomy.

Acknowledgements

The authors wish to thank Mr. H.G.H. van Engelen, Mr. H. de Groot, and
Mr. J. Fama for technical assistance.



Biomechanical forces in  canine lumbosacral cadavers

�	�

References

1. Bürger R, Lang J: Kinematic study of the lumbar and lumbosacral spine in the German Shepherd
dog. Part 2: Own observations. Schweiz Arch. Teirheilk 135:35-43, 1993.

2. Sharp NJH, Wheeler SJ. Lumbosacral disease. In: Sharp NJH and Wheeler SJ, eds. Small
Animal Spinal Disorders. Diagnosis and Surgery, 2nd ed, Elsevier Mosby, Edinburgh, pp.
181-209, 2005.

3. Suwankong N, Voorhout G, Hazewinkel HAW, Meij BP: Agreement between computed
tomography, magnetic resonance imaging, and surgical findings in dogs with degenerative
lumbosacral stenosis. J Am Vet Med Assoc 229:1924-1929, 2006.

4. Danielsson F, Sjöstrom L: Surgical treatment of degenerative lumbosacral stenosis in dogs. Vet
Surg 28:91-8, 1999.

5. Janssens LAA, Moens Y, Coppens P, Peremenas K, Vinck H: Lumbosacral degenerative stenosis
in the dog. Vet Comp Orthop Traumatol 13:97-103, 2000.

6. De Risio L, Sharp NJ, Olby NJ, Munana KR, Thomas WB: Predictors of outcome after dorsal
decompressive laminectomy for degenerative lumbosacral stenosis in dogs: 69 cases (1987-
1997). J Am Vet Med Assoc 219:624-628, 2001.

7. van Klaveren NJ, Suwankong N, De Boer S, van den Brom WE, Voorhout G, Hazewinkel
HAW, Meij BP: Force plate analysis before and after dorsal decompression for treatment
of degenerative lumbosacral stenosis in dogs. Vet Surg 34:450-456, 2005.

8. Oxland TR, Crisco JJ 3rd, Panjabi MM, Yamamoto I: The effect of injury on rotational coupling
at the lumbosacral joint. A biomechanical investigation. Spine17:74-80, 1992.

9. Kuroki H, Goel VK, Holekamp SA, Ebraheim NA, Kubo S, Tajima N: Contributions of flexion-
extension cyclic loads to the lumbar spinal segment stability following different discectomy
procedures. Spine 29:39-46, 2004.

10. Sears W: Posterior lumbar interbody fusion for degenerative spondylolisthesis: restoration of
sagittal balance using insert-and rotate interbody spacers. Spine J 5:170-179, 2005.

11. Spruit M, Pavlov PW, Leitao J, De Kleuver M, Anderson PG, Den Boer F: Posterior reduction
and anterior lumbar interbody fusion in symptomatic low-grade adult isthmic
spondylolisthesis: short-term radiological and functional outcome. Eur Spine J 11:428-433,
2002.

12. Bürger R, Lang J: Kinematic study of the lumbar and lumbosacral spine in the German Shepherd
dog. Part 1: Functional anatomy and kinematic considerations. Schweiz Arch Tierheilk
134:411-416, 1992.

13. Spruit M, van Jonbergen JP, de Kleuver M: A concise follow-up of a previous report: posterior
reduction and anterior lumbar interbody fusion in symptomatic low-grade adult isthmic
spondylolisthesis. Eur Spine J 14:828-832, 2005.

14. Slocum B, Devine T: L7-S1 fixation-fusion for treatment of cauda equina compression in the
dog. J Am Vet Med Assoc 188:31-35, 1986.



Chapter  8

�	�

15. Méheust P, Mallet C, Marouze C: A new surgical technique for lumbosacral stabilization:
arthrodesis using the pedicle screw fixation. Anatomical aspects. Prat Méd Chir Anim
Comp 35:193-199, 2000.

16. Méheust P: A new surgical technique for lumbosacral stabilization: arthrodesis using the pedicle
screw fixation. A clinical study of 5 cases. Prat Méd Chir Anim Comp 35:201-207, 2000.

17. Wilke H-J, Wenger K, Claes L: Testing criteria for spinal implants: recommendations for the
standardization of in vitro stability testing of spinal implants. Eur Spine J 7:148-154, 1998.

18. Zdeblick TA, Becker PS, McAfee PC, Sutterlin CE, Coe JD, Gurr KR: Neuropathologic changes
with experimental spinal instrumentation: transpedicular versus sublaminar fixation. J Spinal
Disord 4:221-228, 1991.

19. Suwankong N, Meij BP, Voorhout G, De Boer AH, Hazewinkel HAW: Review and retrospective
analysis in 156 dogs with degenerative lumbosacral stenosis treated by dorsal laminectomy.
Vet Comp Orthop Traumatol (submitted), 2007.

20. Watine S, Cabassu JP, Catheland S, Brochier L, Ivanoff S: Computed tomography study of
implantation corridors in canine vertebrae. J Small Anim Pract 47:651-7, 2006.

21. Smith MEH, Bebchuk TN, Shmon CL, Watson LG, Steinmetz H: An in vitro biomechanical
study of the effects of surgical modification upon the canine lumbosacral spine. Vet Comp
Orthop Traumatol 17:17-24, 2004.

22. Karim A, Mukherjee D, Gonzalez-Cruz J, Ogden A, Smith D, Nanda A. Accuracy of pedicle
screw placement for lumbar fusion using anatomic landmarks versus open laminectomy: a
comparison of two surgical techniques in cadaveric specimens. Neurosurgery 59:13-19,
2006.

23. Schizas C, Michel J, Kosmopoulos V, Theumann N: Computer tomography assessment of
pedicle screw insertion in percutaneous posterior transpedicular stabilization. Eur Spine J
(in press) 2006.

24. Hasegawa T, Inufusa A, Imai Y, Mikawa Y, Lim T-H, An HS: Hydroxyapatite-coating of pedicle
screws improves resistance against pull-out force in the osteoporotic canine lumbar spine
model: a pilot study. Spine J 5:239-243, 2005.

25. Panjabi MM, Krag MH, Chung TQ: Effects of disc injury on mechanical behavior of the human
spine. Spine 9:707-713, 1984.

26. Goel VK, Nishiyama K, Weinstein JN, Liu YK: Mechanical properties of lumbar spinal motion
segments as affected by partial disc removal. Spine 11:1008-1012, 1986.

27. Goel VK, Goyal S, Clark C, Nishiyama K, Nye T: Kinematics of the whole lumbar spine. Effect
of discectomy. Spine 10:543-554, 1985.

28. Lu WW, Luk KD, Ruan DK, Fei ZQ, Leong JC: Stability of the whole lumbar spine after
multilevel fenestration and discectomy. Spine 24:1277-1282, 1999.

29. Yamamoto I, Panjabi MM, Crisco T, Oxland T: Three-dimensional movements of the whole
lumbar spine and lumbosacral joint. Spine14:1256-1260, 1989.



Biomechanical forces in  canine lumbosacral cadavers

�	�

30. Panjabi MM, Oxland TR, Yamamoto I, Crisco JJ: Mechanical behavior of the human lumbar
and lumbosacral spine as shown by three-dimensional load-displacement curves. J Bone
Joint Surg Am 1994;76:413-424.

31. Benninger MI, Seiler GS, Robinson LE, Ferguson SJ, Bonel HM, Busato AR, Lang J: Three-
dimensional motion pattern of the caudal lumbar and lumbosacral portions of the vertebral
column of dogs. Am J Vet Res 65:544-551, 2004

32. Benninger MI, Seiler GS, Robinson LE, Ferguson SJ, Bonel HM, Busato AR, Lang J: Effects
of anatomic conformation on three-dimensional motion of the caudal lumbar and lumbosacral
portions of the vertebral column of dogs. Am J Vet Res 67:43-50, 2006.

33. Mochida J, Nishimura K, Nomura T, Toh E, Chiba M: The importance of preserving disc
structure in surgical approaches to lumbar disc herniation. Spine 21:1556-1563, 1996.

34. Suwankong N, Meij BP, van Klaveren NJ, van Wees AMCT, Meijer E, van den Brom WE,
Hazewinkel HAW: Assessment of decompressive surgery in dogs with degenerative
lumbosacral stenosis using force plate analysis and questionnaires. Vet Surg (accepted),
2007.





Chapter  9

General discussion



Chapter  9

�	�

Clinical signs of DLS were seen frequently in medium, and large-breed
dogs. In our studies, the GSD formed 26% of the dogs in the retrospective study
(Chapter 3) and 29% of the dogs in the prospective study (Chapter 5 and 6). In
other studies the GSD constituted 27 to 65% of all dogs with DLS.1-4 Primary
spinal stenosis, sacral osteochondrosis, and transitional vertebral segments of the
lumbosacral junction are thought to be inherited and tend to be present in
disproportionately large numbers in GSDs.5-9 In primary lumbosacral canal stenosis,
the size of the arch of the vertebral segment is affected (i.e., the height of spinal
canal is decreased) which can be diagnosed by radiography.1,10-19 Primary spinal
canal stenosis is assumed to be hereditary because a strong familial pattern is
noted in affected dogs.5,16,20 Sacral osteochondrosis and transitional vertebral
segments at the lumbosacral junction may be associated with degenerative changes
of the intervertebral disc and/or disc protrusion and may be a predisposing factor
for DLS in GSDs.4,5,9

In addition, the low sloping back that is typical for the GSD may be a
predisposing factor. The lumbosacral junction is one of the most dynamic portions
of the vertebral column in dogs. The excessive and/or abnormal movement of the
lumbosacral junction may predispose for degenerative disorders. Jaggy et al 21

and Schmid 22 demonstrated that healthy GSDs revealed a larger flexion (an average
of 4 degrees) in the lumbosacral junction than dogs of other breeds. However,
measurement of the lumbosacral angles in GSD did not demonstrate a significant
difference in the range of motion when compared with dogs of other breeds.3 Also
the size of the lumbosacral angle and the position of the sacrum in relation to L7
did not differ between GSD with DLS and normal dogs.20 Anatomical and
mechanical risk factors for DLS in GSDs may play a role in the development of
DLS, but the exact etiology remains unclear. Therefore, future studies should
include a genetic study investigating the relation between the phenotype and the
occurrence of DLS in GSD.

In the retrospective and the prospective study we observed in dogs with
DLS a male: female ratio of DLS of 1.7:1 and 2.5:1, respectively. Others reported
a male: female ratio of 5:1 and 1.3:1.1,8,23,24 In a kinetic study in lumbar and
lumbosacral vertebrae of GSD cadavers, the range of motion in the female dogs
was 9 degrees greater than that in the male dogs.25 Therefore, more movement is
not correlated with DLS.22 demonstrated that the angle of flexion in GSDs with
DLS is 6 degrees smaller than that of control GSDs. However, it is not clear if the
decreased range of motion was present before the development of DLS or is the
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result of degenerative changes. Only a longitudinal study in a sufficient large
group of GSDs could elucidate this aspect.

The affected dogs in our studies were middle-aged (5.6 ± 2.2 years) or
older at the time of clinical examination and diagnosis. However, dogs with DLS
can be as young as 1-2 years as was seen in the prospective study (Chapter 5) and
in reports from others.26-28  Linn et al29  reported that younger dogs with mild clinical
signs of DLS undergoing surgical decompression tend to have a better outcome
than those with more severe clinical signs operated later in life. Due to the slow
progression and nonspecific clinical signs in dogs with DLS, it may take some
time before owners consult the veterinarian. This might be the explanation of the
long period (median 9.5 months; Chapter 3) before referral. Also, the clinical
signs resemble those of canine hip dysplasia, which is a common cause of lameness
in middle-aged dogs.

In our retrospective study 89% of the dogs were companion animals and
in the prospective study this was 81%. However, several studies revealed that
working dogs are more commonly affected with DLS than other types of dogs,17,29

thus speculating that the biomechanical loading of the spine may be accelerating
the degenerative changes of the spinal column.30,31 From the finding in our studies,
it may be concluded that high workload and/or exercise may not be a necessary
cause of the occurrence of DLS. However, the owners of working dogs (i.e., police,
guarding or sports dogs) may decide at an early stage to stop working with the dogs.

In humans, lumbosacral spondylosis and spondylolisthesis can cause similar
clinical symptoms as DLS in dogs.20 However, the primary lesion in humans is a
defect in the lamina or pedicle of the last lumbar vertebra (L5) and anterior (ventral)
luxation of the last lumbar vertebra relative to the sacrum. In dogs the predominant
lesion is type II fibrinoid degeneration of the disc and ventral displacement of the
sacral body relative to the last lumbar (L7) vertebra. So, the displacement of the
vertebrae in humans in spondylolisthesis is exactly opposite from the displacement
in dogs with lumbosacral instability. This is likely due to the difference in
biomechanical loading of the spine in the upright bipedal posture of man and the
quadrupedal posture of dog.

The clinical signs of DLS in dogs are related to sensory, motor and
autonomic dysfunctions. The retrospective (Chapter 3) and prospective (Chapter 5
and 7) studied groups revealed that 67% and 74-100% of the dogs with DLS,
respectively, show caudal lumbar pain. This can be elicited by manual pressure
over the lumbosacral area and by hyperextension of the lumbosacral junction
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which will directly provoke compression on the cauda equina nerve roots.
Hyperextension of the lumbosacral junction will also occur during the propelling
phase of the pelvic limbs during walking and jumping. Motor dysfunction is one
of the lower motor neuron neurologic deficits that may vary from pelvic limb gait
abnormalities, lameness, sciatic dysfunction, loss of muscle tone, to decreased
reflexes. Since the L7 and S1 roots provide a major contribution to the sciatic
nerves and only partially to the muscles of the pelvic limbs (lateral surface), loss
of flexion in the stifle joint, and loss of flexion and extension in the tarsal joint
can occur.

In the prospective study (Chapter 6 and 7) the results of decompressive
surgery in dogs with DLS were investigated by using force plate analysis (FPA).
FPA is a noninvasive, objective and reliable technique for evaluating the gait of
dogs,32,33 but was not used in spinal surgery up to now. FPA studies in dogs with
DLS are mainly characterized by decreased propulsive force of the pelvic limbs,
reflected in the ratio of the sum of the peak propulsive forces of both pelvic limbs
to the sum of the peak propulsive forces of both thoracic limbs. Decreased
propulsion in the pelvic limbs may result from pain in the lumbosacral joint and
from neurogenic weakness in the pelvic limbs (decreased muscle strength and
muscle atrophy). Motor evoked potentials (MEPs) may be used to investigate and
explain the decreased propulsive force of the pelvic limbs in dogs with DLS. This
technique may be helpful to differentiate between decreased propulsion due to
caudal lumbar pain or due to neurogenic weakness. However, MEPs in dogs is a
complicated technique and is still primarily a research tool. FPA does not measure
all movements in dogs with DLS since it cannot detect the abnormalities during
rising, sitting, jumping in the car, and walking stairs which were affected as revealed
from the survey of our investigation (Chapter 6 and 7). The experiences of owners,
although subjective, are therefore an important source of information, in addition
to FPA, to obtain a complete evaluation of the gait in dogs with DLS before and
after surgery.

The surgical treatment has been evaluated in our retrospective study, which
demonstrated an overall success rate of 76% for decompressive surgery for dogs
with DLS. Other studies reported a success rate of 41 to 78%.9,24,26,34 In these other
studies evaluation was done subjectively by the surgeon or by interview of the
owner.
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In the prospective study, 23% of the cases had pain associated with urinary
and/or fecal disorders. The perineal region including the external anal and urethral
sphincters, is innervated by the pudendal nerve (S1-S3). When the sacral nerves
are affected, urinary and fecal incontinence can occur. The clinical findings in
human patients include caudal lumbar pain, saddle anesthesia, motor weakness,
sensory deficits, and urinary dysfunction.35-38 Many studies in humans suggest that
the onset of cauda equina syndrome is heralded by the onset of disturbances of
urinary function (i.e., altered urethral sensation, loss of the desire to void, poor
stream, feeling of retention, strained micturition) and/or rectal disorders (i.e.,
perirectal numbness, and loss of rectal control).35-37 One explanation for the low
incidence of incontinence in our study could be the referral pattern of these cases.
In countries where these dogs are primarily referred as neurologic patients, it may
be expected that urinary and/or fecal deficits are significant clinical signs. In
countries, like the Netherlands, where these patients are primarily referred as
orthopedic patients, the motory and pain signs will be predominant. This is
illustrated by the report that urinary and fecal incontinence affects approximately
25% of dogs with DLS in other countries.21,39  Incontinence is a vary relevant and
predictive sign. Since none of the dogs with these signs in our study returned to
normal function after decompressive surgery (Chapter 7), which is in agreement
with the report of Linn et al.26 In humans, urinary disorders are confirmed by
cystometric measurements, however this is not routinely performed in our
veterinary clinic. In a previous study at the University Clinic of Utrecht University
and thus the same canine population, urodynamic studies were performed in 77
female dogs with urinary incontinence, mainly Dobermann Pinschers and Boxers.40

Dog breeds under-represented in our study. Nickel et al40 reported causes for urinary
incontinence in dogs such as sacral spinal cord injury or endocrine changes in
female dogs. Although not conclusive, this may suggest that the urinary
incontinence in our dogs with DLS may be due to another cause: pudendal nerve
lesion due to DLS.

In our study, the dogs with chronic sensory disturbance required weeks to
months for recovery and improvement after surgery. This long duration of recovery
can be explained by nerve root compression resulting from lumbosacral stenosis
and/or disc herniation which may lead to breakdown of the blood-nerve barrier
and to an increase of vascular permeability and intraradicular edema,
demyelination, and fibrosis.41-43 This degeneration is not confined to the site of
compression, but also extends to the neurons inside the dorsal root ganglion and
the synapses of the spinal dorsal horn. 43
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Conventional radiography in the retrospective (Chapter 3) and prospective
study (Chapter 5), revealed lumbosacral instability (i.e., step formation) in 79%
and 69% of the dogs, respectively and a lumbosacral canal ratio > 0.5 was present
in most dogs (Chapter 5). Findings in our study suggest that radiography, CT, and
MRI were equally capable of detecting the lumbosacral step formation. A
lumbosacral step as small as 2 mm, and a canal ratio > 0.5 may be clinically
relevant, particularly when seen in combination with disc protrusion. Contrast
studies (i.e., myelography, epidurography) allow visualization of the compressive
lesions in dogs with DLS.

Preoperative localization and characterization of the lesion in dogs with
DLS allows surgical treatment to be directed at the compressive lesion with
minimal disruption of surrounding tissues. The additional value of imaging
techniques and their predictive value for a better surgical outcome, which was
done by comparing the findings on CT and MRI with the surgical findings, was
assessed in our study.

There was a high degree of agreement (kappa value = 0.6-0.9) between CT
and MRI findings in dogs with DLS, but moderate agreement (kappa value = 0.4-
0.6) between diagnostic imaging findings and surgical findings for degree and
location of disc protrusion, and swelling of nerve roots, and slight to fair agreement
(kappa value = 0.2-0.3) for position of the dural sac and presence of epidural fat.
The difference in positioning of the dog during imaging and surgery may be the
explanation for this moderate and slight-fair agreement. During imaging the pelvic
limbs are caudally extended, whereas during surgery the dog is stable positioned
with flexed legs. The disc protrusion will be exacerbated when the pelvic limbs
are extended caudally, and partially relieved when the pelvic limbs are flexed.
The imaging reflects most probably more the situation during everyday life. Another
explanation for the low agreement can be that the protruded disc material on CT
or MRI may also be difficult to distinguish from the dural sac, epidural fat and
adjacent nerve roots.

The advantages of CT versus MRI, and MRI versus CT have been reported
in our study. Both CT and MRI can provide valuable information regarding bony
and soft tissue structures (both on transverse and sagittal images) in the spinal
canal, which allow neurosurgeons to preplan the surgical approach more accurately.
Therefore, the surgeon should follow the imaging findings and take into account
that during surgery the finding on disc protrusion may be less impressive.
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It has been hypothesized that somatosensory evoked potentials (SEPs) can
be used as a diagnostic tool to accurately assess the somatosensory function in
dogs with DLS. Findings in our study demonstrated that SEPs recording revealed
abnormalities characterized by reduction in amplitude and delay in latency in
dogs with DLS compared to normal dogs. These findings were also seen in dogs
with DLS without neurologic deficits. This demonstrates that the SEP technique
provides an early detection of neurologic abnormalities in dogs. Although SEPs
have a great value in early diagnosis and thus in determining the surgical prognosis,
SEPs registration is an invasive and time-consuming technique, requires advanced
equipment and experienced personnel, and is therefore still primarily a research
tool in veterinary medicine.

In Chapter 7, the decompressive surgery has been evaluated using FPA
and questionnaires. In addition, our FPA study in dogs with DLS with a follow-up
time of 6 months, demonstrated objectively the improvement and restoration of
the propulsive forces of pelvic limbs after surgical treatment within 6 months.

The choice of surgical treatment, including dorsal laminectomy,
fenestration, discectomy, facetectomy, and foraminotomy, has been anticipated to
have an effect on surgical outcome. It is possible that different treatments produce
different outcomes. However, the principle of the surgical treatment is an adequate
decompression of the neural tissue and there was no difference in surgical outcome
assessed by the FPA and questionnaires regarding the two different surgical
procedures (dorsal laminectomy versus dorsal laminectomy and partial discectomy)
in this study. In the retrospective study in dogs with DLS (Chapter 3), seven
surgeons performed the surgery. The effect of the surgeon on the outcome was not
analyzed in this retrospective study because of incomplete information, and of
the small number of dogs operated by some of the surgeons. The surgical skills of
the surgeon may have affected the outcome of the surgery. In the prospective
study (Chapter 7) however, there was only one surgeon involved. The surgical
outcome of our study revealed that propulsive force of pelvic limbs increased
over a period of 6 weeks, then remained the same up to 6 months after surgery and
decreased again at long-term follow-up. Our study also demonstrated improvement
of the clinical signs and satisfaction by the majority of the owners. The outcome
in the long-term follow-up however, revealed improvement and only partial
restoration of propulsive forces of the pelvic limbs by decompressive surgery.
Postoperative lumbosacral instability, osteoarthritis and degenerative neurological
disorders may have developed during the long-term follow-up period. Further
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degeneration of the disc and remnant instability between L7 and S1 may have
contributed to the finding that the propulsive forces of the pelvic limbs do not
normalized, even not in the long-term follow-up.

Lumbosacral stabilization has been advocated for treatment of some cases
to prevent instability of the lumbosacral joint after decompressive surgery.44,45

Several stabilization techniques have been described, for example, distraction-
fusion technique.44-46 Preliminary results of pedicle screw-rod fixation in only a
limited number of dogs, evaluated clinically, radiologically, and by FPA revealed
improvement in the pattern of walking and slightly increased propulsive force of
the pelvic limbs of these dogs (personal observation). Further studies may therefore
be directed to the treatment of lumbosacral instability (e.g., with pedicle screw-
rod fixation) and/or to the replacement of the degenerated disc itself to restore the
functional properties of the lumbosacral disc.

Initial improvement was followed by subsequent recurrence of clinical
signs in 27% of the dogs (Chapter 7) in this study. Other explanations for the
recurrence of clinical signs may be postoperative scar tissue at the laminectomy
site, re-growth of soft tissue or bone compressing the neural tissue, inadequate
decompression, and iatrogenic nerve root injury during the surgery.24,26,47-51 In our
study, the scar tissue formation and dural adhesion at the laminectomy site was
prevented by the use of an autogenous fat graft transplantation.52 The occurrence
of re-growth of soft tissues, or bone, inadequate decompression or iatrogenic nerve
root injury could have been investigated using imaging and electrophysiological
techniques. Although insight in these possible complications of recovery would
has been most interesting. It has been decided not to extend the study with these
investigations, not to increase the physical loading for the dog and the financial
loading for the owner, without direct benefit for each of them. Even though a
written instruction on the postoperative management of DLS was provided to all
owners, the owners' compliance to the instructions varied. Some dogs were allowed
to exercise without restraint too soon after surgery and are at risk of making a
poor recovery in the long term. The choice of postoperative rehabilitation has
been shown to be of importance for the functional outcome in human patients.53

In dogs, the role of a postoperative rehabilitation program such as physiotherapy
and hydrotherapy in the early postoperative period (3 months) may be one of the
tools to increase muscle strength of the pelvic limbs in the long term and remains
to be investigated.
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In Chapter 8 the biomechanical flexion - extension forces were measured
in cadaver lumbosacral specimens of healthy middle-sized dogs, before and after
dorsal laminectomy with partial discectomy, and following dorsal pedicle screw-
rod fixation of L7 and S1. After dorsal laminectomy and partial discectomy, the
flexion and extension motions were not significantly different from those in the
native spine specimen. After pedicle screw-rod fixation, the motions in the
instrumented spine segment significantly decreased compared with the native
specimen and the specimen after dorsal laminectomy and partial discectomy. Our
findings suggest that the canine lumbosacral junction does not become immediately
instable after dorsal laminectomy-discectomy in flexion-extension load testing
(Chapter 8), which maybe the basis for the immediate improvement seen in the
prospective study on dogs with DLS within 6 months after decompressive surgery
(Chapter 6 and 7). However, the impairment of the propulsive forces of the pelvic
limbs with longer follow-up, i.e., at 2 years after decompressive surgery (Chapter 7)
may be due to accelerated degeneration and instability of the lumbosacral junction.
These findings may support the use of pedicle screw-rod fixation to stabilize the
lumbosacral junction to prevent further degeneration and improve long-term
outcome.

Conclusions with respect to the aims of the thesis are that:

1. CT and MRI in dogs with DLS enable superior visualization of bony and
soft tissue abnormalities, when compared with traditional imaging
techniques. CT and MRI assist the surgeon in an early decision making
process.

2. Evaluation of SEPs is a sensitive technique to diagnose abnormalities in
somatosensory function in dogs with DLS that show predominantly caudal
lumbar pain and no neurologic deficits.

3. Surgical decompression of the cauda equina and nerve roots gives an early
clinical improvement with improved locomotion and less pain, but this
improvement is less significant in the long-term follow-up.

DLS is a frequently painful and disability disease in dog that can be
diagnosed by different imaging techniques and successfully treated by surgical
decompression. Further studies have to elucidate the additional value of
lumbosacral stabilization, artificial nucleus implantation and postoperative
rehabilitation.
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The lumbosacral region is a highly mobile part of the spine in dogs.
Degenerative lumbosacral stenosis (DLS) is associated with compression and
entrapment of the cauda equina nerve roots. The clinical signs of DLS in dogs
may vary among caudal lumbar pain, pelvic limb lameness, reluctance to perform
activities such as jumping, rising and climbing stairs, self mutilation, and
neurological deficits. Diagnosis of DLS is based on the history, clinical signs,
clinical examination, and imaging findings. The surgical treatment of dogs with
DLS aims to relieve the compression on the cauda equina nerve roots.

In Chapter 1 the aims of this thesis are presented. The first aim of this
thesis was to determine the diagnostic value of advanced imaging techniques (CT
and MRI). The second aim was to investigate the somatosensory function in dogs
with DLS. The third aim was to evaluate decompressive surgery for DLS in dog
by force plate analysis.

In Chapter 2 a review of literature is presented on the anatomy and
pathophysiology of the lumbosacral region, the clinical presentation of DLS in
dogs, the various diagnostic procedures (electrodiagnostic and imaging techniques,
and force plate analysis), and the treatment of DLS.

In Chapter 3 the medical records of 156 dogs with DLS treated by
decompressive surgery were analyzed involving the signalment, clinical signs,
imaging findings and surgical findings. In this study, it was found that on
radiographs of dogs with DLS, a lumbosacral step was associated with telescoping
of the cranial spinal canal of the sacrum relative to the caudal spinal canal of L7
in 18.6%. In addition, the cauda equina compression that was visualized with
epidurography, CT, and MRI corresponding to the surgical findings in respectively,
98.2%, 92.2%, and 100% of the cases. It was concluded, that imaging criteria
such as the LS step, telescoping of the cranial spinal canal of the sacrum relative
to the caudal spinal canal of L7, and the degree and location (middle, left or right
side) of disc protrusion on CT and MRI are valuable findings that may play a role
in the decision-making process for surgery.

The results in Chapter 4 illustrate that the mean latencies of tibial nerve
LSEPs in dogs with DLS were delayed with 1 to 2 sec compared with those in the
clinically normal dogs. Compressive lesions on the cauda equina at L7-S1 in dogs
with DLS induced a delay of the ascending volley of impulses in the afferent
sensory pathways in the dorsal roots, and a delay at the level of the interneurons
and post-synaptic pathways in the lumbosacral enlargement of the spinal cord.
Measurement of LSEPs is useful for investigation of somatosensory function of
dogs with DLS.
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In Chapter 5 there was substantial to almost perfect agreement between
the findings on CT and MRI for the degree (kappa value = 0.88), and location of
disc protrusion (kappa value = 0.64), the position of the dural sac (kappa value =
0.89), the presence of epidural fat (kappa value = 0.72), and swelling of nerve
roots (kappa value = 0.60) and slight to fair agreement between imaging and
surgical findings for the degree and location of disc protrusion (kappa value: 0.44-
0.56), and swelling of nerve roots (kappa value: 0.40-0.50). With conventional
radiography, CT, and MRI it is possible to detect the abnormal lumbosacral step.
In addition to radiography, CT and MRI provide excellent discrimination of
compressive tissues in the spinal canal on transverse and sagittal views.

In Chapter 6 the outcome of decompressive surgery in 12 dogs with DLS
was assessed by measurement of ground reaction forces using force plate analysis.
The results illustrate that surgical treatment restored the propulsive forces of the
pelvic limbs in a 6-month period after surgery.

In Chapter 7 the long-term outcome of decompressive surgery in 35 dogs
with DLS was assessed by force plate measurements and questionnaires to owners.
The propulsive force of the pelvic limbs and the ratio of propulsive force of pelvic
to thoracic limbs decreased significantly at 3 days after surgery, and increased
during 6 months follow-up, but remained smaller than control values with long-
term (  1.5 years) follow up. In contrast, the results from questionnaires showed
significant improvement 6 months to 1.5 years after surgery compared to findings
before surgery, and the majority of owners were satisfied, also in the long term, with
the results of surgery with a mean score 7.84 ± 2.09 on a 10-point qualitative scale.

The results in Chapter 8 illustrate that after dorsal laminectomy and partial
discectomy in cadaver lumbosacral specimens of healthy middle-sized dogs, the
flexion and extension motions were not significantly different from those in the
native spine specimen. After pedicle screw-rod fixation, the motions in the
instrumented spine segment significantly decreased compared with the native
specimen and the specimen after dorsal laminectomy and partial discectomy.
Decompressive surgery encompassing dorsal laminectomy and partial discectomy
does not lead to significant spinal instability in flexion and extension load force
bending tests whereas pedicle screw and rod fixation effectively stabilizes the
lumbosacral spine. Pedicle screw-rod fixation of L7 and S1 may be used to stabilize
the instable L7-S1 junction in dogs with degenerative lumbosacral stenosis.

In Chapter 9 the results of the studies are discussed in the context of their
aims postulated in Chapter 2.

In Chapter 10 a summary is provided of the studies in this thesis.
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Het lumbosacrale gebied van de wervelkolom is de overgang tussen de laatste
lendenwervel en het heiligbeen (sacrum) en is een erg beweeglijk deel van de
wervelkolom. Bij degeneratieve lumbosacrale stenosis (DLS) treedt compressie
en afknellen op van de wortels van de zenuwen die de cauda equina (de
'paardenstaart') vormen. De klinische verschijnselen van DLS bij de hond ('het
cauda equina syndroom') omvatten pijnlijkheid in de lage rug, kreupelheid van de
achterpoten, het weigeren van bepaalde bewegingen zoals springen, opstaan en
de trap op lopen, zenuwuitval en zenuwverschijnselen waaronder bijten en
beschadiging van de weke delen van de achterhand (zelfbeschadiging). De diagnose
DLS is gebaseerd op de anamnese, de klinische verschijnselen, het lichamelijk
onderzoek en resultaten van beeldvormende technieken. De chirurgische
behandeling van honden met DLS is er op gericht de compressie van de
zenuwwortels van de cauda equina op te heffen.

In hoofdstuk 1 worden de doelstellingen van dit promotie-onderzoek
aangegeven; ten eerste het vaststellen van de diagnostische waarde van moderne
beeldvormende technieken zoals computer tomografie (CT) en kernspintomografie
(magnetic resonance imaging of MRI); ten tweede het onderzoek van de
somatosensorische functie middels elektrische zenuwstimulatie ('evoked
potentials') van honden met DLS; en ten derde de evaluatie van het resultaat na
operatieve decompressie van de cauda equina door meting van de  grondreactie
krachten bij honden met DLS.

In hoofdstuk 2 wordt een literatuuroverzicht gegeven van de anatomie
en de pathofysiologie van het lumbosacrale gebied, het klinische beeld van DLS
bij honden, de verschillende diagnostische mogelijkheden, waaronder elektro
diagnostische en beeldvormende technieken en meting van grondreactie krachten,
en de behandelingsmogelijkheden van DLS.

In hoofdstuk 3 wordt het signalement, de klinische verschijnselen, de
resultaten van diagnostische beeldvorming en de operatie bevindingen beschreven,
verkregen middels een retrospectief onderzoek van de medische dossiers van 156
honden met DLS. Bij deze studie werd gevonden dat bij 18.6% van de honden
met DLS op de röntgenopnamen een stapvorming tussen de laatste lendenwervel
en het heiligbeen zichtbaar is tezamen met een verlengd dak van het voorste deel
van het heiligbeen. Tevens werd gevonden dat compressie van de cauda equina,
aangetoond middels epidurografie, CT of MRI, bij respectievelijk 98.2%,  92.2%

Samenvatting



���

en 100% van de honden overeenkwam met de bevindingen tijdens chirurgie. Uit
de bevindingen van deze studie werd geconcludeerd dat kenmerken bij
diagnostische beeldvorming, waaronder stapvorming tussen laatste lendenwervel
en eerste wervel van het heiligbeen, verlenging van het dak van het heiligbeen, en
de ernst en de locatie van uitpuilen van de tussenwervelschijf (in het midden of
naar rechts of links) op CT en MRI beelden, waardevolle bevindingen zijn die een
rol kunnen spelen bij de besluitvorming voor een gerichte chirurgische behandeling
van deze patiënten.

De resultaten zoals vermeld in hoofdstuk 4 illustreren dat de gemiddelde
latentietijd van somatosensorische opgewekte potentiaalverschillen in het
lumbaalgebied (de zogenaamde 'SEPs') door elektrische stimulatie van de nervus
tibialis bij honden met DLS, 1 tot 2 seconden verlengd was in vergelijking met de
latentietijd gemeten bij klinisch normale honden. Beschadiging van de cauda
equina ten gevolge van compressie ter hoogte van de lumbosacrale overgang bij
honden met DLS veroorzaakt een vertraging van de opstijgende zenuw impulsen
in de somatosensorische zenuwbanen in de dorsale zenuwwortels en een vertraging
van de zenuw impulsen ter plaatse van de tussenneuronen en de zenuw
schakelplaatsen in het lumbosacrale gebied. Meting van de SEPs is een nuttige
methode gebleken om de somatosensorische functie van honden met DLS te
onderzoeken.

In hoofdstuk 5 wordt beschreven dat de bevindingen verkregen met CT
en MRI grotendeels overeenkomen met betrekking tot de ernst (kappawaarde =
0.88) en de lokalisatie (kappawaarde = 0.64) van de uitpuiling van de
tussenwervelschijf, de positie van de durale zak (kappawaarde = 0.89), de
aanwezigheid van epiduraal vet (kappawaarde = 0.72) en de aanwezigheid van
zwelling van de zenuwwortels (kappawaarde = 0.60). De bevindingen van de
beeldvorming (CT en MRI) en de operatie bevindingen bleken matig overeen te
stemmen met betrekking tot de ernst en lokalisatie van de uitpuiling van de
tussenwervelschijf (kappawaarde = 0.44 - 0.56) en de aanwezigheid van zwelling
van de zenuwwortels (kappawaarde = 0.40 - 0.50). Als aanvulling op conventionele
röntgenologische technieken, leveren CT en MRI beelden, in dwarse en lengte
doorsneden, zeer veel differentiatie in de weefsels die onder compressie staan in
het wervelkanaal.

In hoofdstuk 6 worden de resultaten van operatieve decompressie van de
cauda equina bij 12 honden met DLS gepresenteerd. Het operatie resultaat werd
vastgesteld door middel van het meten van grondreactie krachten met behulp van
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een krachten meetplaat in de grond. De resultaten tonen aan dat de chirurgische
behandeling de voortstuwende kracht van de achterpoten herstelt in een periode
van 6 maanden na operatie.

In hoofdstuk 7 worden de lange termijn resultaten van operatieve
decompressie van de cauda equina bij 35 honden met DLS beschreven. Het operatie
resultaat werd vastgesteld door meting van grondreactie krachten en door het
enquêteren van de hondeneigenaren. De voortstuwende kracht van de achterpoten
en de verhouding tussen de stuwkracht van de achterpoten tot die van de voorpoten
was significant afgenomen 3 dagen na operatie, nam toe gedurende de eerste 6
maanden na operatie, maar bleef lager dan de waarden bepaald bij klinische
gezonde dieren bij een langdurige vervolgperiode (van 1.5 jaar of langer).
Daarentegen vertoonden de resultaten verkregen uit de enquêtes aan
hondeneigenaren een significante verbetering in de periode van 6 maanden tot
1.5 jaar na operatieve behandeling in vergelijking met de toestand vóór de operatie.
De meerderheid van de eigenaren was tevreden met de operatieresultaten, ook bij
navraag op lange termijn, met een gemiddelde score van 7.84 ± 2.09  op een
kwalitatieve 10-punten schaal.

In Hoofdstuk 8 wordt een biomechanische studie beschreven die werd
uitgevoerd op kadaver ruggen van middelgrote honden. Buig en strekproeven van
de lage rug werden biomechanisch nagebootst in het laboratorium. Na dorsale
laminectomie en partiële discectomie (gelijk aan de operatie die routinematig bij
levende honden wordt uitgevoerd) bleek de stabiliteit van de wervelkolom niet
veranderd te zijn. Echter, na fixatie van L7 en het sacrum met vier titanium pedikel
schroeven en 2 titanium staafjes bleek de beweeglijkheid van de lage rug significant
afgenomen te zijn. De beschreven techniek kan gebruikt worden om bij de hond
een instabiele rug te stabiliseren.

In hoofdstuk 9 worden de resultaten van het promotieonderzoek
bediscussieerd in samenhang tot de doelstellingen zoals verwoord in hoofdstuk 2.

In hoofdstuk 10 wordt een samenvatting van het proefschrift gegeven in
de Engelse, de Nederlandse en in de Thaise taal.
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