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1. Introduction
Advanced diagnostic tools such as computed tomography 
(CT) and magnetic resonance imaging (MRI) have 
reduced the reliance on primary tools such as neurological 
examination and radiography for neurolocalization of 
spinal cord lesions (1). The neurological examination 
forms an integral role of the overall diagnostic process and 
provides a foundation for further diagnostic procedures 
such as cerebrospinal fluid analysis, advanced imaging, 
and electrodiagnostics. The accurate assessment of 
postural reactions and spinal reflexes during neurological 
examination helps neurologists and clinicians in localizing 
spinal cord lesions (2,3).

Several studies investigated the value of neurological 
examinations to detect spinal cord lesions. One of these 
studies used the withdrawal reflex for determination of 
cervical disc herniation in dogs. The results of that study 
suggested that the withdrawal reflex was not reliable for 
lesion site detection (4). A further study was conducted to 
evaluate the cutaneous trunci reflex for the detection and 
grading of thoracolumbar spinal cord injuries in dogs. The 
results revealed that the cutaneous trunci reflex helped in 

the localization of thoracolumbar lesions and divided dogs 
with ambulatory paresis into mild and severe categories 

(5). A retrospective study was performed to determine 
the accuracy of the patellar reflex in neurolocalization 
of thoracolumbar lesions. The results showed that the 
accuracy of the patellar reflex to determine whether the 
lesions were in the upper motor neurons (UMNs) or in 
the lower motor neurons (LMNs) in dogs with single and 
multiple thoracolumbar lesions was about 87% (1).

The patellar reflex is considered the most reliable 
tendon reflex used in neurological examinations. It is a 
monosynaptic myotatic (stretch) reflex. It is mediated 
by the femoral nerve through the spinal cord segments 
L4–L6. Therefore, it evaluates the integrity of spinal cord 
segments (L4–L6 and its associated nerve roots) as well as 
the femoral nerve (6).

The thoracolumbar region of the spinal cord is divided 
functionally into two parts: the cranial (T3–L3, UMNs for 
pelvic limbs) and the caudal (L4–S3, LMNs for the pelvic 
limbs) (6). The depression or loss of patellar reflex refers to 
lesions within the reflex arc of LMNs, whereas a normal or 
hyperreflexic patellar reflex implies the lesion is occurring 
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cranial to the spinal cord segment containing the reflex arc 
of UMNs (7).

In this study we aimed to investigate the accuracy of 
the patellar reflex as a reliable test for neurolocalization 
of a single level spinal cord lesion associated with 
thoracolumbar disc herniation in dogs, as well as the 
laterality of the lesion, and to compare these findings with 
the findings of CT myelography.

2. Materials and methods
The medical records of 26 dogs with confirmed 
thoracolumbar herniation that were presented at the 
Veterinary Teaching Hospital of Iwate University, Japan, 
from July 2008 to May 2012 were reviewed. Animals 
suffering from a single level lesion according to the results 
of neurological examinations, CTs, and CT myelography 
were selected. The hind limbs of the selected dogs in this 
study were free of orthopedic lesions. Data collected from 
the medical records included signalment of the animals 
(age, breed, sex, neutering status), chief complaint, onset 
of clinical signs, duration of clinical signs, and previous 
treatment. The general physical examination of the 
dogs included measuring the temperature, heart rate, 
respiratory rate, and capillary refill time, and checking for 
superficial lymph nodes. 

The neurological examination was performed according 
to the grading scale of the Small Animal Hospital of Iwate 
University, Japan, which is divided into 5 grades as reported 
by Sharp and Wheeler (8). The results of the patellar reflex 
were collected. The patellar reflex was performed in all 
dogs by two specialized neurologists (some of the patients 
were examined by one of the neurologists and the rest 
of the patients by another neurologist) through tapping 
of the patellar ligament using a flexor hammer when the 
animal was in lateral recumbency and the limb under 
examination was in a slight flexion, supported by placing 
one hand under the thigh. A normal animal’s response to 
the stimulus is extension of the limb. The results of the 
patellar reflex examination were graded as areflexia (0), 
hyporeflexia (1), normal (2), and hyperreflexia (3).

CT myelography was performed in the normal manner 
by injecting 0.4 mg/kg iohexol 240 (Omnipaque 240 Note, 
Daiichi Sankyo Co., Ltd.) into the subarachnoid space at 
the L5–L6 intervertebral space. Transverse image slices 
of 0.5 mm thickness and dorsal and sagittal sections were 
reformatted using the CT machine (Toshiba helical CT, 
Asteion, Toshiba medical Co, 4-detector). The animals were 
subjected to decompressive surgery (hemilaminectomy) 
after the confirmation of thoracolumbar herniation.

The dogs were monitored after surgery for the recovery 
of motor function and neurological improvement. The 
follow-up of the dogs started immediately after surgery, 

with duration ranging between 15 and 585 days (with a 
mean of 101.33 days). 
2.1. Excluded cases
A lesion localized at the intervertebral disc space L2–L3 
[the junction between spinal cord regions T3–L3 (UMNs) 
and L4–S3 (LMNs)] may or may not be responsible for the 
decreased patellar reflex (6). Due to the local variability of 
the spinal cord segments relative to the vertebral bodies, 
it was difficult to make a definitive determination of the 
localization of the lesion. In the case of a lesion at L2–L3, 
both the UMNs and LMNs are correct, so the dogs that 
had an L2–L3 lesion confirmed on CT myelography were 
excluded from the statistical evaluation.

Moreover, lesions that were detected caudal to the 
spinal segment (L6) were excluded due to the femoral 
nerve that mediates the patellar reflex derived from L4–
L6. Therefore, dogs with lesions caudal to the L6 segment 
(L5 vertebra) were also excluded from the statistical 
evaluation. A total of five dogs were excluded from the 
statistical analysis.
2.2. Statistical analysis
Data were analyzed using a commercially available 
software package (GraphPad Prism Version 5.0, GraphPad 
Software). The statistical analysis was performed using the 
Pearson linear correlation to determine the associations 
between the age of the animals and the duration of clinical 
signs with the postoperative duration of recovery. Also, the 
correlation between neurological grades and postoperative 
duration was determined. The linear correlation coefficient 
r and 95% CI were reported. Moreover, the chi-square 
test was used to determine the association between the 
weight and breed of the animals with the clinical grades 
of neurological dysfunction. Values of P < 0.05 were 
considered significant.

3. Results
Twenty-six dogs were selected for this study, of which 23 
were small (<10 kg) and 3 were medium-sized dogs (10 to 
20 kg), representing five breeds (21 Miniature dachshund 
(80.8%), one Standard dachshund, one Maltese, one 
Cavalier King Charles spaniel, and two Beagles). Ages 
ranged from 3 to 13 years (with a mean of 6.46 years). 
There were 13 males (nine intact and four castrated) and 
13 females (10 intact and three spayed). All dogs had a 
chronic onset of clinical signs (3 days to 3 months). The 
postoperative duration of recovery was not associated with 
the age of the animals (r = 0.06, P = 0.97), the duration of 
clinical signs (r = 0.035, P = 0.8628), or the preoperative 
neurological grade (r = 0.006, P = 0.9767). The results 
also revealed a lack of association between the weight (P 
= 0.38) and the breed of the animals (P = 0.47) with the 
clinical grades of neurological dysfunction.
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The neurological examination of 21 out of the 26 dogs 
revealed that five dogs (23.8%) had grade III, 12 dogs 
(57.2%) had grade IV, and 4 dogs (19%) had grade V 
neurological dysfunction. According to the neurological 
examination, 15 dogs had lesions in the T3–L3 spinal 
cord region, and six dogs had lesions in the L4–L6 spinal 
region. The patellar reflex was considered normal and 
hyperreflexic in 15 dogs (71.4%), and was depressed in 
six dogs (28.6%). However, the CT myelography revealed 
that all dogs had lesions within the spinal region T3–L3 
[T10–T11 (n = 1), T11–T12 (n = 4), T12–T13 (n = 8), 
T13–L1 (n = 3), and L1–L2 (n = 5)]. The most common 
site of thoracolumbar disc herniation detected by CT 
myelography was T12–T13 (eight dogs, 38%).

The accuracy of the patellar reflex for neurolocalization 
of spinal cord dysfunction was 71.4% when compared 
with CT myelography in this study. The association 
of neurological examination (patellar reflex) for the 
detection of the site of a thoracolumbar lesion relative to 
CT myelography is shown in Figure 1.

It was observed that six dogs (28.6%) for whom the 
patellar reflex was inconsistent with CT myelography were 
female with ages ranging from 3 to 13 years (with a mean 
of 7 years).

The CT myelography displayed the lateralization of 
lesions in all dogs [left side (12 dogs, 57.14%) and right 
side (nine dogs, 42.86%)]. However, the patellar reflex 
revealed asymmetry of the spinal cord lesion in seven dogs 
[33.33%, (5 (L) and 2 (R)] and symmetry of the spinal cord 
lesion in 14 dogs (66.67%) (Figure 2).

4. Discussion
The accuracy of the patellar reflex in this study for 
localization of thoracolumbar spinal cord lesions was 
71.4% when compared with the CT myelographic 
findings. Therefore, the reliance upon the patellar reflex as 
a reliable method for the detection of the site of a single 
level thoracolumbar lesion in dogs is not sufficient, and 
other advanced tools are required to achieve this purpose. 
The accuracy of the patellar reflex in this study is lower 
than that reported in a previous study (1), where the 
patellar reflex helped the authors to correctly classify 114 
out of 131 cases (87%) as hyperreflexic, indicating that the 
lesions were within the UMN region (T3–L3), but when 
the patellar reflex was assessed as depressed, it indicated a 
lesion in the LMNs (L4–S3), which was correct in two out 
of 12 patients.

In this study the accuracy of the patellar reflex when 
hyperreflexic was 100%, while its accuracy when depressed 
or hyporeflexic was 0%. This may be due to the large 
number of lesions that occur in the UMN region (T3–L3) 
of the spinal cord in contrast to the lesions that occur in 
the LMN region of the spinal cord (L4–S3). This may lead 
to a decrease in the positive predictive value of the patellar 
reflex for determination of LMN spinal cord lesions (1).

The age of the animals is considered one of the factors 
that might affect the results of the patellar reflex. In dogs, 
the aging period may start as early as 7 years old (9), and the 
mean age of dogs that had a depressed reflex in this study 
was 7 years. Therefore, dogs ≥7 years may be associated with 
a prolongation of the total reflex time, leading to a decrease 
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Figure 1. Association between the anatomic site of lesions 
(results of CT myelography) and the results of patellar reflex of 
21 dogs that had a single level thoracolumbar lesion [shaded bars 
are the correct anatomic localizations of the patellar reflex (15 
dogs); white bars are the incorrect anatomic localizations of the 
patellar reflex (6 dogs)].

Figure 2. Accuracy of the patellar reflex and CT myelography 
in detection of lesion laterality in 21 dogs with a single level 
thoracolumbar disc disease.
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in the magnitude of the patellar reflex (10). This influence 
of age upon the total reflex time may be attributed to age 
related changes such as demyelination, ballooning, and 
remyelination that occur in the dorsal and ventral nerve 
roots as reported in a study conducted on the lumbar spine 
in humans (11). However, the results of a previous study in 
humans suggested the opposite view, that age did not have 
any influence upon the patellar reflex (12). 

Also, the depression of the patellar reflex in dogs may 
be attributed to the chronic compression of the spinal 
cord that may result in some pathological changes such as 
demyelination, edema, axonal degeneration, and neuronal 
necrosis of the spinal cord parenchyma as was reported in 
humans (13) and horses (14). These changes, especially 
the chronic demyelination, may lead to the exposure of 
rapidly activating potassium channels along the axon 

(15), which may lead to blocking of the action potential 
propagation (16) and reduction in the excitability of 
motor neurons, and finally a depression of the reflex will 
occur (17). In the same way, the nerve roots of the pelvic 
limb are also liable for demyelination, which leads to 
hyporeflexia and depression of the patellar reflex, similar 
to that occurring in degenerative myelopathy (Canine 
degenerative radiculomyelopathy) (18,19). Moreover, 
the necrosis of glia cells is considered one of the results 
of chronic compression of the spinal cord (13,14). One 
of the functions of these cells is to remove and clear 
excess glutamate (a neurotransmitter) (20), which was 
detected in high levels in the cerebrospinal fluid of dogs 
that had chronic compressive thoracolumbar lesions (21). 
Accumulation of glutamate, which has an excitotoxic effect 
on neurons, especially postsynaptic  ones (20), may lead to 
depression of the patellar reflex in animals.

The difficulty of accurate localization of the lesion may 
also be attributed to spinal shock, which is characterized 
by a loss of muscle tone and segmental spinal reflexes 
for a few hours from the onset as a result of peracute 
severe transverse spinal cord injury (22,23). Hypotonia is 
considered the only sign that may persist for 10–14 days, 
until it is replaced initially with normal tone, followed by 
hypertonia. The ways in which UMN pathway interruption 
can lead to LMN signs are not clear. One explanation of 

this phenomenon is the sudden loss of UMN synapse as a 
result of a peracute lesion, leading to the loss of LMN cell 
function for a variable period of time (22). However, this 
may be inconsistent with our study, because the six dogs 
with depressed patellar reflex presented chronic onset (5–
11 days) of clinical signs.

This study is in agreement with previous studies that 
detected the thoracolumbar herniation in the spinal cord 
region from T10 to L2, and the T13–L1 is considered 
the most common site of thoracolumbar disc herniation 
(38%) (1,24).

Both myelography and CT are reasonable and practical 
diagnostic imaging modalities for detection of the site of 
disc herniation. CT is more sensitive than myelography 
in chronically affected dogs, while myelography is more 
sensitive than CT in small-sized dogs (<5 kg) (25,26). 
Moreover, the sensitivity of myelography for localization of 
lesions in dogs with intervertebral disc disease ranged from 
53% to 94.7% (26–28), while the sensitivity of conventional 
CT for the detection of the site of lesions in dogs ranged 
from 81% to 100%, as reported in previous studies (26–
29). The range of the values of CT sensitivity may be due to 
CT’s ineffectiveness in the diagnosis of conditions that do 
not involve mineralization of extruded disc material (30). 
Therefore, in this study the combination of myelography 
and CT was performed to achieve an effective and accurate 
method for the detection of thoracolumbar lesions (28,30). 

All dogs in the current study underwent 
hemilaminectomy according to the findings of CT 
myelography, which is considered a reliable method 
for lateralization of the lesions. However, the clinical 
lateralization of the herniated disc material was found to 
be the least reliable factor in this study for determining 
on which side the hemilaminectomy should be performed 
(31).

In conclusion, the patellar reflex has a low accuracy 
for neurolocalization of a single thoracolumbar spinal 
cord lesion in dogs, which may be related to the depressed 
patellar reflex not always indicating a lesion at the L4–
L6 spinal cord segment. Also, the patellar reflex is not 
considered a reliable method for detection of lesion 
laterality.
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