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ABSTRACT

Background: Spinal surgical interventions are generally used in the treatment of various spinal pathologies
such as vertebral fracture, luxation-subluxation, congenital vertebral deformities, discal hernia, infection and
tumor. Minimally invasive spinal surgery contributes to rapid recovery by reducing iatrogenic muscle damage
and postoperative pain. In minimally invasive spinal surgery, a new hybrid imaging technique, the exoscope,
has been developed in the last decade. The purpose of this study was to report efficacy of the exoscopic micro-
decompressive spinal surgery (MDSS) and its early postoperative electromyography (EMG) results in dogs.
Materials, Methods & Results: The material of this study consisted of the owned 10 dogs with spinal cord
injury resulted from the different etiologies. On the basis of examinations, medical support (fluid therapy, cor-
ticosteroid, etc.) was applied to the required dogs. Exoscopic MDSS was performed under general anesthesia in
dogs. The neurologic, radiologic and EMG examination were completed at pre- and postoperative periods. EMG
results at postoperative 1st week showed increased conduction velocity and amplitudes in 3 cases. There was no
significant change in a case. And, there was a slight slowdown in conduction velocity and significant decrease
in amplitudes in a case. At postoperative 4th week, ther was increased conduction velocity and amplitudes in 8
cases and needle EMG showed that spontan muscle activity was normal in 5 cases, mild in 2 cases, moderate a
case and severe in a case. But spontan muscle activity was unfollowed in a case. Postoperative outcomes were
poor in 3 cases, fair in 3 cases, good in 3 cases and unfollowed in a case.

Discussion: Spinal cord injuries encountered in veterinary medicine have significant morbidity and mortality.
In spinal patients, in addition to neurological examination, lesion localization can be determined using imaging
techniques such as radiology, computed tomography, and MRI. EMG and somatosensory evoked potentials
examinations are used to evaluate quantitative functional recovery, especially in spinal cord injuries. EMG also
provides an opportunity to evaluate muscle activation patterns during recovery. Exoscopic spinal surgery is the
newest hybrid imaging technique. Exoscopic MDSS facilitated manipulation by providing adequate illumina-
tion and vision at the exploration site. Exoscopic MDSS has the advantages of microscopic surgery and is a
new technique that can be applied in dogs with spinal pathology.

Keywords: dog, electromyography, exoscope, microdecompressive spinal surgery.

DOI: 10.22456/1679-9216.101278
Received: 12 October 2019 Accepted: 10 March 2020 Published: 9 April 2020

'Department of Surgery, Faculty of Veterinary Medicine & *Department of Neurosurgery, Faculty of Medicine, Bursa Uludag University, Bursa, Turkey.
CORRESPONDENCE: H. Salci [hsalci@uludag.edu.tr]. Department of Surgery, Faculty of Veterinary Medicine, Uludag University, Bursa, Turkey.


https://core.ac.uk/display/303977801?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

H. Salci, H. Acar & M.O. Taskapilioglu. 2020. Electromyographic Evaluation of Early Stage Results of Exoscopic Microdecompressive

Spinal Surgery in Dogs.

Acta Scientiae Veterinariae. 48: 1724.

INTRODUCTION

Spinal surgical interventions are generally used
in the treatment of various spinal pathologies such as
vertebral fracture, luxation-subluxation, congenital
vertebral deformities, discal hernia, infection and
tumor [30]. In recent years, minimally invasive surgi-
cal techniques have taken part to replace conventional
spinal surgery, because wide muscle dissection and
retraction required exposing the spinal cord in conven-
tional techniques may result in significant postoperative
pain, intraoperative blood loss and impaired muscle
function [13,19,30].

Minimally invasive spinal surgery contributes to
rapid recovery by reducing iatrogenic muscle damage
and postoperative pain [12,19,28,30,34]. However, in
minimally invasive spinal surgery, complications such
as inadequate decompression and neurological injury
may be encountered if adequate and appropriate explo-
ration of the spinal region is not provided [12,19]. In
minimally invasive spinal surgery, a new hybrid imaging
technique, the exoscope, has been developed in the last
decade [10,16,20,26]. This imaging technique, which is
similar to endoscopy, provides the advantage of more
magnification, wider focal distance and better surgical
manipulation for microneurosurgery, while nonstereo-
scopic vision and limited manipulation in deep organs
are the main disadvantages [1,10,16-18,20,26].

Electromyography (EMG) allows the evalua-
tion of motor units in muscle groups [3]. EMG provides
important data for neurosurgeons by providing infor-
mation on localization of undiagnosed upper motor
neuron (UMN) or lower motor neuron (LMN) lesions
[27]. In severe spinal cord injury causing motor and
sensory loss, EMG is used in addition to neurological
reflexes for functional evaluation [4,12]. The use of
nerve conduction velocity studies and needle EMG is
important for determining preclinical re-innervation
in partial or total denervated muscles [2,12]. The
prognosis of spinal damage varies due to trauma and
underlying acute or chronic neurological disorder
[23]. Surgical treatment of spinal cord pathologies is
of great importance for prognosis. Therefore, EMG
examination, which is more sensitive than clinical and
neurological examinations, is gaining importance to
determine neurological and functional return [3,12,21].

In this study, it was aimed to report efficacy of
the exoscopic MDSS and its early postoperative EMG
results in dogs.

MATERIALS AND METHODS

The material of this study consisted of the owned
ten dogs (n = 10) with spinal cord injury resulted from
the different etiologies that presented to surgery clinics.

Clinic and neurologic examinations

After obtaining the history from the owners
of the dogs, they were immobilized on a flat stretcher
considering the suspicion of spinal pathology. Routine
clinical (pulsation and respiration rates, body tempera-
ture, mucous membrane color, capillary filling time and
evaluation of lymph nodes) and neurological examina-
tions (mental status, posture and gait, cranial nerves,
postural reactions, spinal reflexes, sensory evaluation,
muscle atrophy, etc.) of the dogs were performed.
On the basis of examinations, medical support (fluid
therapy, corticosteroid, etc.) was applied to the required
dogs as recommended previously [6,9].

EMG examinations

Evaluation of conduction velocities and spon-
taneous muscle activities (SMA) were performed as
described previously at pre- and postoperative 1% and
4" weeks [32,33]. EMG examinations of all cases
were performed by EMG device (Keypoint 4°)'. Mo-
tor conduction velocities (MCV) and SMA of the
cases were evaluated. To evaluate the MCV of n. tibi-
alis, compound muscle action potential (CMAP) was
recorded by supramaximal stimulation at two points
with monopolar needle electrodes throughout the
nerve course. CMAP was evaluated for distal latency,
amplitude and nerve conduction velocity. In terms of
conduction velocity, EMG findings were assessed as
normal (> 60 m/s), decreased (< 60 m/s) and none.
At needle EMG, SMA of m. interdigitalis, m. tibialis
anterior, m. gastrocnemius, m. vastus lateralis, m.
quadriceps femoris was examined with the help of
concentric needle electrode (50 x 0.45 mm (2 x 26
G). SMA was evaluated as normal, mild denervation
(fibrillation potential and positive sharp wave) and
severe denervation (continuous fibrillation potential).

Radiologic and Magnetic resonance imaging (MRI)
examinations

Radiographs of the suspected pathological
area on the vertebral column were taken in lateral and
ventrodorsal positions. MRI was performed in some
dogs with the permission of the owners. All pre- and
postoperative findings of the dogs were recorded.
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Anesthesia

Peripheral vascular access was opened prior
to anesthesia, and infusion of lactated ringer solution
(LRS)? and methylprednisolone sodium succinate -
MPSS (Prednol)? were administered at recommended
doses [6] considering to the urgency of the patient.
General anesthesia was achieved with a combination
of ketamine HCI (Alfamine)* and diazepam (Diazem)’
at the rate of 1/1 for induction. Isoflurane (Forane)® at
2% concentration with 100% oxygen after intubation
was administered for general anesthesia. Capnogra-
phy, SPO, and electrocardiography were performed
for monitorization during general anesthesia.

Surgery

All operations were performed by the same
working team. According to the surgical technique
to be applied after shaving and disinfection of the
operation area, the cases were placed and positioned
on the operation table. The surgical site was covered
with sterile drapes and incisions and dissections were
performed according to the surgical technique. An
exoscope (VITOM® 25) [Figure 1] was used to enlarge
the image of the vertebral area to be operated and for
MDSS. Considering to the pvertebral pathology, if
need, vertebral stabilization was performed to some
cases. After the operative procedures were completed,
hemovac micro drain was placed in the surgical area
for drainage following to the surgery.

Figure 1. This operation views presents the exoscope during exoscopic
microdecompressive spinal surgery (MDSS).

Postoperatively, Prednol® [2 mg/kg, iv, bid],
furosemide (Desal)® [2 mg/kg, iv, qd], LRS2 [10
mL/kg, infusion, bid], ranitidine (Ranitab)® [2 mg/
kg, sc., bid], carprofen (Rimadyl)'® [4 mg/kg, oral,
bid] and cefazolin Na (Sefazol)? [20 mg/kg, iv, tid]
were administered to the cases. Routine medical
and physical cares were performed, and cases were
kept in soft-bottomed boxes durin postoperative
period.

RESULTS

Table 1 provides information about the signal-
ment of the cases, the etiology of trauma, the presen-
tation time of the case, specific diagnosis based on
clinical, radiological and neurological examination,
and surgical interventions.

The presentation time of the cases in the clinic
ranged from 1 day to 7 months.

Preoperative neurological examination results

The mental status and cranial nerve examina-
tions were normal in all patients except for case 8 in
preoperative period. In cases 1, 2, 3, 5 and 6, hypo-
reflexia was evident in the hind limbs. There was a
deep pain sensation in cases 1, 2, 3 and 6, whereas
there was no deep pain sensation in case 5. Urinary
retention and mild anal tone loss were detected in
cases 1, 2, 3, 5 and 6. In case 4, hyperreflexia and
extensor rigidity were present in all extremities
and there was no deep pain sensation. In cases 7
and 9, the reflexes of the front limbs were normal;
there was significant hyperreflexia and deep pain
sensation in the hind limbs. In case 8, mental status
was depressive, and cranial nerves abnormalities
(anisocoria, decreased pupillar reflex) were detected.
Extensor rigidity was evident in all extremities of
the same patient and hyperreflexia was present in
the examination of spinal reflexes and there was no
deep pain sensation. In case 10, Schiff Sherrington
syndrome was detected and there was no deep pain
sensation. Palpation showed mild muscle atrophy
in case 1, moderate in case 2, 5, 6, 7 and severe in
case 3. There was no muscular atrophy in cases 4,
8,9 and 10. The neurological problems of the cases
were paraparesis (7/10), tetraparesisis (3/10) [Table
2] and neurological lesion localizations were cervi-
cal (2/10), thoracolumbal (2/10), lumbar (5/10) and
lumbosacral (1/10) regions (Table 1).
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Table 1. Signalment, etiology of trauma, presentation time, diagnosis and surgical interventions of the cases.

Case Signalment Etiology Pres:i:zztlon Diagnosis Surgical intervention
French Bulldog, . . L-L, Left hemilaminectomy and
! 9-year-old, & Idiopathic 7 days disc herniation foraminotomy
Yorkshire Terrier, . . L-L Right hemilaminectomy and
- 6 7
2 4-year-old, ¢ Idiopathic 10 days disc herniation discectomy
Mixed-breed, T ) Bullet . I
3 I-year-old, Gunshot injury 6 months in L, corpus vertebra Right hemilaminectomy
Cane corso, Motor vehicle . . Laminotomy and
4 5-month-old, & accident 1 day Atlantoaxial luxation vertebral stabilization
Mixed-breed, Motor vehicle . Dorsal laminectomy and
3 1-year-old, & accident 15 days L, L, luxation vertebral stabilization
6 Yorkshire Terrier, Idiopathic 7 months . L7-S.1 . Left hemﬂammectomy and
5-year-old, ¢ disc herniation discectomy
Mixed-breed. . . T, .-L Left hemilaminektomi and
> 13 1
7 2-year-old, ¢ Idiopathic 3 days disc herniation vertebral stabilization
Miniature Pinscher, Motor vehicle . . Laminotomy and
8 . 2 days Atlantoaxial luxation AR
4-year-old, ¢ accident vertebral stabilization
9 Dogo Argentino, Motor vehicle 2 days Fracture of L, corpus Dorsal laminectomy and
3.5-month-old, ¢ accident y vertebra vertebral stabilization
10 Golden Retriever, Motor vehicle 1 day T.-L, Dorsal laminectomy

6-month-old, &

accident

Dorsal dislocation

Preoperative EMG results

In cases 4 and 10, there was no pathological
finding in the hind limb muscles in needle EMG. The
degree of positive sharp waves with fibrillation poten-
tials indicating denervation of SMA was mild (3/10)
in cases 1, 8, and 9, moderate (3/10) in cases 2, 5, 6
and 7, and severe (1/10) in case 3. The conduction rate
of n.tibialis was recorded in the lowest case 1 (17.4
m/s) and the highest case in 4 (92.6 m/s). Conduction
velocity was recorded below 60 m/s in cases 1 and 7,
but above 60 m/s in the other cases (9/10). The lowest
conduction velocity was recorded in case 1 with the
diagnosis of disceal hernia. Amplitudes were also sig-
nificantly lower in the same case (the lowest amplitude
was 0.3 mV and the highest was 24.0 mV). In cases
1, 2 and 3, the amplitude was below 5 mV (Table 3).

Radiological findings

Radiologically, case 1 and 7 had no pathological
findings on the radiograms. In case 2, mineralization was
detected in the L, intervertebral space. The bullet was
observed in the L, corpus vertebra of case 3. In cases 4

and 8, there was no coapitation between the articular faces
of the atlas and the axis and the axis shifted laterally. In
case 5, fracture between the L, , and ventral dislocation
of L, were observed (Figure 2). In case 6, there was
mineralization in the intervertebral region between L -S .
Case 9 had compression fracture of L, corpus vertebra. In
case 10, dorsal dislocation between T, ,-L., was detected.

MRI findings

MRI examinations were only performed in
case 1, 2 and 7 preoperatively. T2 sequence sagittal
and transverse cross-sectional examination revealed
hyperintense disc compression and compression in

the spinal cord between L, in cases 1 (Figure 3) and
2 and T13-L1 in case 7.

Surgical findings

In all cases, exoscopic MDSS technique was
performed in cervical 2/10, thoracolumbal 2/10, lumbar
5/10 and lumbosacral 1/10 regions according to lesion
localization. The vertebral stabilization techniques applied
in the related anatomic regions are given in Table 1. No
surgical wound complication was observed in all cases.
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Figure 2. The pre- and postoperative lateral radiographies of case 5. Right arrow: shows the pathology between (subluxation and ventral dislocation of

L4), and left arrow: points out the stabilized L3-4 vertebras and reduction of the intervertebral space following surgery.

Figure 3. T2 sequence sagittal and axial cross-sectional MRI views of case 7. Left arrow: shows sagittal plane hyper intense disc compression to the
spinal cord between T13-L1. Right arrow: points out the axial plan disc herniation to spinal cord.

Postoperative neurological results

In the 1% postoperative week, case 1 was able to
stand but could not move on its own when supported,
and spinal reflexes was normal and there was deep pain
sensation. At postoperative 4th week, this case was able
to stand but could not move alone when supported. In
cases 2, 6 and 7, at postoperative 4" week, proprioception,
voluntary movement and spinal reflexes were present, and
they also had voluntary urination and defecation. In case
3, at postoperative 4" week, she was able to stand when
supported, but she could not move voluntarily, and spinal
reflexes were present. Case 4 and 8 with atlantoaxial
stabilization had deep pain sensation at postoperative 1st
weeks. These dog were also able to stand and wolk on
their own. At postoperative 4" week, case 5 was able to
load the hind limbs when supported, but could not move

onits own. In case 10, after the dorsal laminectomy, it was
seen that the spinal cord was severely lasered and 2/3 of
the spinal cord ruptured. There was no functional return
and deep pain sensation in the 1% postoperative week but
spinal reflexes were present (Table 2).

Postoperative EMG results

Postoperative 1st week EMG evaluation showed
an increase in conduction velocity and an increase in
amplitudes in cases 2, 3 and 6. There was no significant
change in case 3. In case 10, there was a slight slowdown in
conduction velocity and significant decrease in amplitudes.
Since cases 1, 5, 7 and 9 did not come to the control, these
cases could not be evaluated. Needle EMG findings showed
amoderate decrease in denervation potential of cases 2 and
6. In case 3, severe denervation potentials were replaced by
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moderate denervation potentials. In case 4, needle EMG
findings were normal. In case 8, the denervation potentials
completely disappeared in the first postoperative week, and
EMG examination at the postoperative 4th week showed an
increase in conduction velocity and amplitudes. The rate of
conduction was lowest in case 1 (50.0 m/s) and highest in

case 6 (94.1 m/s). In needle EMG, denervation potentials
were mild in cases 5 and 6, and moderate in case 3. There
was no SMA incases 1, 2,4, 7 and 8. Postoperative follow-
up of case 9 could not be performed because the patient
owner did not bring this case. Detailed EMG results of all
cases are given in Table 3.

Table 2. Tabulation of preoperative, postoperative 1* and 4" weeks neurological examination and surgical outcomes.

Preoperative Postoperative 1* week Postoperative 4" week
Case Volunteer Spinal Deep Volunteer Spinal Deep  Volunteer  Spinal ~ Deep ~ Outcome
movement reflexes pain movement reflexes pain movement  reflexes  pain
1 Paraparesis Front limbs normal + ++ + + ++ + + Poor
P Hind limbs hyporeflexia
2 Paraparesi Front limbs normal + ++ + + +++ + + Fair
ArAPAESIS Hind limbs hyporeflexia a
3 Paraparesi Front limbs normal + ++ + + ++ + + Poor
araparesis Hind limbs hyporeflexia 00
4 Tetraparesis Extensor rigidity ?H - +++ + + +++ + + Good
limbs hyperreflexia
5 Paraparesis Front limbs normal - - + + ++ + + Fair
P Hind limbs hyporeflexia
6 Paraparesis Front limbs normal + - + + ++ + + Fair
P Hind limbs hyporeflexia
7 Paraparesis Front limbs normal + ++ + + +++ + + Good
p Hind limbs hyporeflexia
s "
8 Tetraparesis Extensor rigidity éﬂ - ++ + 2 +++ + + Good
limbs hyperreflexia week
. Front limbs normal
9 Paraparesis Hind limbs hyporeflexia - Unfollowed
10 Paraparesis Schiff Sherrington - - + - - + - Poor

-: absent; +: intact; ++: volunteer movement when supported; +++: movement by itself; Poor: ability to walk absent; Fair: weakness at hind limbs; Good:

complete recovered.

Table 3. EMG results of the cases at preoperative and postoperative 1* and 4™ weeks.

Preoperative EMG I week EMG 4" week EMG
Case NCV (m/s) NCV (m/s) NCV (m/s)
Needle EMG Needle EMG Needle EMG
R L L R L
1 17.4 19.2 Mild 50 67.6 Normal
2 62.5 87.7 Moderate 82 95.2 Mild 70.9 91.7 Normal
3 73.2 74.2 Severe 75.9 80.3 moderate 579 80.3 Moderate
4 75.6 92.6 Normal 82.4 80.5 Normal 82.4 80.5 Normal
5 89.2 82.2 Moderate 91.5 78.7 Mild
6 80 81.6 Moderate 87.9 94,1 Mild 87 104 Mild
7 59.6 65.7 Moderate 74.5 70.3 Normal
8 50.7 64.8 Mild 56.7 62 Normal 65.8 65.6 Normal
9 78.7 63.9 Mild Unfollowed Unfollowed
10 76.0 65.0 Normal 60.7 63 Moderate 45 45.7 Severe

NCV: conduction velocity; R: right hind limb; L: left hind limb; Normal: no spontaneous muscle activity; Mild: rare fibrillation potential and
positive sharp wave; Moderate: prominent fibrillation potential and positive sharp wave; Severe: continuous fibrillation potential.

6
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DISCUSSION

Spinal cord injuries encountered in veterinary
medicine have significant morbidity and mortality
[5,7,22,23]. Pulmonary contusion, pneumothorax, rib
fractures, extremity fractures, pelvic fractures, abdomi-
nal organ injuries and head trauma are usually seen
with spinal trauma [7,8]. Among the most common
causes of spinal trauma in dogs are motor vehicle ac-
cidents, falling from heights, animal fightings, gunshot
and iatrogenic injuries [5,7,9]. In the presented study,
the etiology of the cases with spinal pathology was
determined as gunshot injury (1/10), idiopathic causes
(4/10) and motor vehicle accidents (5/10).

The main objective in neurological examina-
tion is to determine the localization of neural lesions. In
neurological examination, the presence of nystagmus
showing central dysfunction of cranial nerves II, III, V
and VII, anisocoria, decreased or absent of palpebral and/
or pupillary reflex indicate head trauma [9,31]. Due to the
severity of trauma, irreversible damage to the thoracolum-
bar spinal region causes complete loss of sensation in the
hind limbs [14]. In this study, the presence of paraparesis
and the laceration of the spinal cord during the operation
in case 10 were compatible with severe myelomalesis.
Compared with preoperative period, in postoperative 4th
week EMG findings, the gradual slowdown in conduction
velocity, decrease in amplitudes and significant increase
in SMA were evidence of irreversible pathology. In gen-
eral, acute disc herniation is observed between T, -L. and
chronic disc hernia occurs between caudal cervical and
L.-S, vertebrae [14,24]. In our study, acute and chronic
discal hernias were observed in case 7 and in cases 1, 2
and 6, respectively.

In spinal patients, in addition to neurological
examination [7,8,27,31], lesion localization can be
determined using imaging techniques such as radiol-
ogy, computed tomography, and MRI[7-9,24,27]. MRI
provides important anatomical detail in the diagnosis
of disceal hernia, but its incorrect results reduce its
reliability [14,27]. In addition, in a study investigating
the correlation between MRI findings and the sever-
ity of spinal cord injury, no statistical correlation was
reported between spinal cord bleeding, contusion
and edema and severity of spinal cord injury [24]. In
contrast to MRI, EMG confirms that the lesions are
physiologically important and prevents unnecessary
interventions [27]. Moreover, MRI technique does not
show the clinical findings of neurological pathology

completely in pre- and postoperative period and it is
reported to be insufficient to determine the prognosis
[24,35]. And, EMG and somatosensory evoked po-
tentials examinations are used to evaluate quantitative
functional recovery, especially in spinal cord injuries.
Changes in the peripheral nerve in chronic spinal
cord injuries are evaluated by motor nerve conduc-
tion studies [12]. At the same time, EMG provides
an opportunity to evaluate muscle activation patterns
during recovery [4,12]. In this study, radiological and
MRI examinations of the spine were performed to
determinate the localization of the spinal pathology
of the dogs and EMG examinations were also made
to evaluate the neurological problem.

Minimally invasive surgery is widely applied in
neurosurgery in human medicine, especially in lumbar
spinal cord decompression [28]. However, it has been
reported that it also provides good results in cervical
vertebra surgery, and even in a study, it provides mini-
mal blood loss and shortens the length of hospital stay
[19]. In a study comparing minimally invasive surgery
and open lumbar decompression, it is reported to be as
reliable as conventional technique, and recovery is faster
and the patient gains function in a short postoperative
time [28]. Despite all these advantages, since it is still
developing in veterinary surgery, it has been reported
that it will be beneficial to continue with conventional
techniques [12]. Here, as alternative to conventional
technique, MDSS was planned to minimalize the surgi-
cal damage in the dogs. Exoscopic spinal surgery is the
newest hybrid imaging technique [10,16,20,26]. Since
MDSS has important disadvantages such as inadequate
exploration and decompression, these disadvantages can
be overcome by using the exoscopic imaging technique
[1,10]. Exoscopic brain and spinal surgery has been
reported to be an innovative development with the ad-
vantages of surgical microscopy [1]. In a study, it has
been reported that spinal surgery provides ease of vision
in all directions thanks to the perpendicularly placed
exoscope and compact robotic arm [10]. In another study
in which spinal surgical procedures are performed, it is
reported that the exoscope is very advantageous with its
wide exploration in tumor resections and with its abil-
ity to provide images in deep tissues and independent
movement [18]. In the presented study, exoscopic spinal
surgery was performed in dorsal hemilaminectomy and
discectomy operations of thoracolumbal, lumbar, lum-
bosacral regions without any complication. Exoscopic
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MDSS facilitated manipulation by providing adequate il-
lumination and vision at the exploration site. Particularly
in case 4, significant positive results were observed such
as postoperative functional gain in a short postoperative
time, return of motor conduction rate to reference values,
significant increase in amplitude and absence of SMA.

Performing surgical decompression within
the first 6 hours following spinal cord injury contrib-
utes positively to postoperative recovery [5,15,25].
However, the lack of normal vital signs in trauma
patients is a problem for early surgical intervention
[29]. Although posttraumatic surgical procedure was
postponed in case 5, neurological and EMG findings
were positive. In case 3 presented 7 months after the
occurrence of spinal pathology, severe spontaneous
muscle activity due to denervation observed in pre-
operative EMG examination decreased postoperative
4th week and increased amplitudes showed that late
exoscopic MDSS contributed to recovery even in the
late period. The experience of the operator is very
important when choosing surgical technique. Ventral
approach technique is recommended for atlantoaxial
luxations because of its high success rate [29]. In two
cases (cases 4 and 8), laminotomy and stabilization
procedures were performed with a dorsal approach
and full recovery was observed in the postoperative
period. In postoperative 4th week EMG findings,
although there was no change in conduction velocity,
normal amplitudes and distal latency values were a
good reflection of functional improvement.

Pre- and postoperative bladder dysfunction is a
secondary clinical finding commonly observed due to
the severity and localization of spinal cord injury [22,23].
In case 10, fecal and urinary incontinence developed in
the 1st postoperative week but the urinary bladder was
evacuated mechanically. In addition, deep pain sensation
in pre- and postoperative neurological examination is an
important indicator in determining the severity and prog-
nosis of spinal cord injuries [11,12,14,22,31]. Generally,
deep pain sensation provides important information in
patients with thoracic, thoracolumbal or lumbar spinal
cord lesions [12]. It has been reported that the results of
spinal surgery vary in dogs with deep pain sensation loss
[11,14], because the assessment of deep pain sensation
alone is insufficient to determine spinal cord injury and
prognosis [12]. In spite of the subjective data of neuro-
logical examination, electrophysiological examinations
are diagnostic tools applicable to the evaluation of motor

nerve dysfunction [21]. EMG helps to distinguish spinal
cord and nerve root lesions due to different distribution
of myotomes and peripheral nerves from peripheral nerve
injuries by determining denervation even in muscles nor-
mally detected in clinical examination [2,12,27]. In this
presented study, although no atrophy was observed clini-
cally in cases 8 and 9, mild spontaneous muscle activity
was detected in needle EMG examination. In addition,
in the study, CMAP amplitude reflecting the number of
EMGe-inducible axons was found to be low in cases 1, 3
and 5 postoperatively, and normal in cases 2, 4, 6, 7 and
8. In the postoperative period, the distal latency value
showing muscle dysfunction was prolonged in cases 1
and 3, and was normal in cases 2, 4, 5, 6, 7 and 8. SMA
was not recorded in the needle EMG of the dogs brought
in 1-2 days after the trauma, but fibrillation potentials
indicating denervation of the hind limb muscles were
recorded in 9 cases presented to 5 days later following
spinal problem. In chronic cases, conduction velocity and
amplitudes decreased.

CONCLUSIONS

In this study, based on EMG examination,
which provides important data for the evaluation
of postoperative clinical functional return of spinal
diseases, exoscopic MDSS has the advantages of mi-
croscopic surgery and is a new technique that can be
applied in dogs with spinal pathology.
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