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Magnetic resonance imaging muscle lesions in presumptive canine 
fibrocartilaginous embolic myelopathy

Sabrina M. Martens, Stephanie G. Nykamp, Fiona M.K. James

Abstract — This retrospective cohort study reports the observation of magnetic resonance imaging (MRI) epaxial 
muscle hyperintensity in dogs diagnosed with presumptive fibrocartilaginous embolic myelopathy (FCEM) (n = 61). 
It further reports the observation of vertebral column hyperesthesia lasting . 12 hours. The hypothesis tested was 
that the finding of MRI epaxial muscle hyperintensity correlated with dogs presenting with hyperesthesia. Client-
owned dogs diagnosed with presumptive FCEM by specific MRI criteria were included. Statistical analysis was 
performed using Fisher’s exact test. Twenty-three percent (14/61) of MRIs displayed abnormal muscle hyperintensity 
and 43% (26/61) exhibited vertebral column hyperesthesia. No relationship was found between muscle 
hyperintensity and pain persisting beyond 12 hours. The muscle hyperintensity remains of unknown significance. 
That 43% of presumptive FCEM cases have prolonged signs of pain is a higher prevalence than previously reported, 
and may affect clinical differential diagnoses. This is especially significant in cases in which MRI is not possible 
and a presumptive diagnosis must be based on the clinical signs.

Résumé — Imagerie par résonance magnétique des lésions des muscles dans la myélopathie embolique 
fibrocartilagineuse canine présumée. Cette étude rétrospective de cohorte signale les observations de l’imagerie 
par résonance magnétique (IRM) pour l’hyperintensité du muscle épaxial chez les chiens diagnostiqués avec une 
myélopathie embolique fibrocartilagineuse (MEFC) présumée (n = 61). Elle signale aussi l’observation de 
l’hyperesthésie de la colonne vertébrale durant . 12 heures. L’hypothèse qui a été testée était qu’il y avait une 
corrélation entre l’observation de l’hyperintensité du muscle épaxial par IRM et les chiens présentés avec de 
l’hyperesthésie. Les chiens appartenant à des clients pour lesquels un diagnostic présomptif de MEFC avait été 
posé à l’aide du critère spécifique de l’IRM ont été inclus. L’analyse statistique a été réalisée en utilisant le test exact 
de Fisher. Vingt-trois pour cent (14/61) des IRM affichaient une hyperintensité anormale du muscle et 43 % 
(26/61) présentaient de l’hypersthésie de la colonne vertébrale. Aucun lien n’a été trouvé entre l’hyperintensité 
musculaire et la douleur persistant au-delà de 12 heures. La signification de l’hyperintensité musculaire est toujours 
inconnue. Le taux de 43 % de cas présomptifs de MEFC affichant des signes de douleur prolongée représente une 
prévalence supérieure aux données déjà signalées et pourrait affecter les diagnostics cliniques différentiels. Ce fait 
revêt une importance particulière lorsque l’IRM n’est pas possible et qu’un diagnostic présomptif doit se baser sur 
les signes cliniques.

(Traduit par Isabelle Vallières)
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Introduction

F ibrocartilaginous embolic myelopathy (FCEM) is character-
ized by peracute onset of neurological symptoms of variable 

severity and symmetry, which stabilize after 24 h and either 
remain static or begin to improve (1–3). The affected areas cor-
respond to necrotic damage of the spinal cord due to ischemia. 
Histopathological analysis of the affected areas of the spinal 

cord indicates cartilaginous material, histologically identical to 
nucleus pulposus, in the vasculature surrounding the ischemic 
area (1,4–6). Large or giant breed and non-chondrodystrophic 
breed dogs are most commonly affected, although there have 
been at least 2 cases reported in chondrodystrophic breed dogs 
(7) and perhaps a greater prevalence than once thought in 
small- and medium-sized dogs (8). The true incidence of FCEM 
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may be misrepresented in the literature due to the likelihood of 
many cases going undiagnosed, not being referred in a timely 
manner, or as a result of the time-dependent nature of detection 
and diagnosis (1,6,9).

Up to 24% of FCEM cases are reported to have vertebral 
column hyperesthesia on examination, thus FCEM is typi-
cally considered a nonpainful condition after the vocalization 
reported at onset of signs (3,10–12). However, vertebral col-
umn hyperesthesia had been anecdotally observed more than 
12 h after onset of clinical signs in a number of canine patients 
presenting to a referral hospital and diagnosed with presump-
tive FCEM. As previous reports did not specify the time from 
onset of signs to examination, the purpose of this study was to 
determine the frequency of canine FCEM patients in the refer-
ral hospital study population that exhibited signs of prolonged 
vertebral column hyperesthesia, defined as pain lasting longer 
than 12 h after onset of neurological signs (1,6,7,11,13,14). 
Anecdotally, abnormal epaxial muscle hyperintensity had also 
been observed in certain canine FCEM patients on MRI. This 
abnormal signal intensity had been noted commonly in the 
region of spinal cord ischemic injury. The origin, prevalence, 
and consequence of this abnormal muscle hyperintensity are 
unknown. A secondary objective of this study was to determine 
the frequency at which epaxial muscle hyperintensity occurs in 
canine FCEM patients and to determine if there is a possible 
association between this finding and the presence of prolonged 
vertebral column hyperesthesia. The study hypothesis was that 
the finding of MRI epaxial muscle hyperintensity correlated 
with dogs presenting with prolonged signs of pain.

Materials and methods
Medical records at the Ontario Veterinary College Health 
Sciences Centre were searched for client-owned dogs diagnosed 
with presumptive FCEM by magnetic resonance imaging (MRI) 
during the period from November 2004 to June 2013. To be 
included, dogs must have presented with a peracute onset of a 
spinal cord myelopathy of variable severity and symmetry that 
stabilized after 24 h and that either remained static or began to 
improve. Other inclusion criteria were: complete history, com-
plete documentation of physical and neurological examination 
findings, and magnetic resonance imaging consistent with a 
diagnosis of FCEM. Any additional diagnostics performed on a 
case-by-case basis were also required to be consistent with a diag-
nosis of FCEM (e.g., negative infectious disease titers). Patients 
were excluded if there was evidence of concurrent vertebral 
column disease (intervertebral disk material within the vertebral 
canal, narrowed/collapsed intervertebral disks, bone fracture, 
luxation, skin or subcutaneous tissue injury, hemorrhage) or if 
there was insufficient evidence to support a diagnosis of FCEM.

Dogs were considered to be showing prolonged signs of pain 
if records indicated that vertebral column hyperesthesia was elic-
ited upon physical examination, at or around the site of ischemic 
injury, . 12 h after the onset of clinical signs. The neurological 
or physical examinations in the medical record were examined 
for descriptions such as “discomfort elicited with palpation over 
the thoracolumbar region” or reports of changes in behavior, 
muscle tone, posture, vocalizations, resulting from manipulation 

versus “no pain on spinal palpation” or similar statements. The 
location of the pain was categorized as being elicited at the site 
of presumptive FCEM or at an alternate distant location. Two 
dogs were evaluated and imaged before 12 h after the onset of 
clinical signs. Both dogs were evaluated as non-painful; there-
fore, they were included in the non-painful group. However, had 
the dogs shown signs of hyperesthesia, they would have been 
excluded from the study as they would not have been able to be 
appropriately categorized.

Retrospectively, MR images were reviewed to confirm the 
diagnosis and location of presumptive FCEM in patients 
included in the study pool and also to determine which patients 
exhibited abnormal epaxial muscle hyperintensity. All mag-
netic resonance imaging had been performed under general 
anesthesia using a 1.5-T magnetic field strength on a Signa 
1.5 Excite II MRI Scanner (General Electric Medical Systems, 
Florence, South Carolina, USA). An 8-channel spine coil 
by USA Instruments (Aurora, Ohio, USA) was used for all 
sequences. Sagittal, dorsal, and transverse imaging planes were 
scanned and 2D acquisitions were used. The complete MRI 
study was reviewed independently by 2 authors (FJ and SN), 
a Board-certified veterinary neurologist, and a Board-certified 
veterinary radiologist, blinded to patient history. In the case 
of discrepancies, a consensus opinion was reached. Variables 
included MRI sequences, the timing between onset of clinical 
signs and MRI, and the presence, site, and signal character-
istics of spinal cord and/or epaxial muscle lesions. Magnetic 
resonance imaging characteristics used to establish a diagnosis 
of presumptive FCEM included a focal to regional, well-
demarcated, T2-hyperintense intramedullary lesion primarily 
involving the gray matter, with no other visible abnormalities 
(15). Characteristics of MRI considered suggestive of an acute 
noncompressive nucleus pulposus extrusion (ANNPE), the main 
differential diagnosis for FCEM, resulted in exclusion from the 
study. These included: a focal T2-hyperintense intramedullary 
lesion directly above a narrowed intervertebral disk, nucleus 
pulposus with decreased signal intensity, and minimal to no 
spinal cord compression (15,16).

Patients were categorized as having a fat suppressed MRI 
sequence if a T1-weighted fat saturated sequence with contrast 
(Omniscan; GE Healthcare, Mississauga, Ontario), T2-weighted 
sequence with fat suppression, and/or a short tau inversion 
recovery (STIR) sequence was available. Abnormal muscle 
hyperintensity was defined as a region of muscle showing dif-
ferent signal characteristics from adjacent muscle; these differ-
ences included enhancement on the post-contrast T1-weighted 
sequence, hyperintensity on fat-suppressed sequences, and 
hyperintensity on T2-weighted sequences.

The relationship between the anatomical region of presump-
tive FCEM with respect to the region of muscle hyperintensity 
was also considered. The muscle lesion and FCEM were con-
sidered to be in the same location if they were within 1 verte-
bral body of each other and to be in different locations if they 
were separated by more than 1 vertebral body. Dogs diagnosed 
with presumptive FCEM but not exhibiting vertebral column 
hyperesthesia were considered the control group, while those 
exhibiting vertebral column hyperesthesia were the comparison 
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group. Fisher’s exact tests (SAS OnlineDoc 9.2; SAS Institute, 
Cary, North Carolina, USA) were performed with a significance 
level of P # 0.05.

Results
Sixty-one client-owned dogs were included in the study popula-
tion: ages ranged from 7 mo to 11 y and 9 mo (median: 6 y) 
and weights ranged from 1.5 kg to 80 kg (median: 27.7 kg). 

There was no significant difference in age or weight between 
the 2 groups. For the group of dogs presenting with prolonged 
signs of vertebral column hyperesthesia, the age range was 2 y 
to 11 y and 9 mo (median: 6 y), and weights ranging from 
3.1 kg to 57.5 kg (median: 26.6 kg). The control group (dogs 
without hyperesthesia) had ages ranging from 7 mo to 10 y and 
6 mo (median: 5 y), and weights ranging from 1.5 kg to 80 kg 
(median: 30.75 kg). The gender distribution in the study pool 

Table 1.  Breed distribution in the study population (N = 61).

	 Number 	 Vertebral column	 Muscle 
Breed	 in study	 hyperesthesia	 abnormality

Labrador retriever	 19	 6	 3
Miniature schnauzer (or mix)	 4	 3	 2
Boxer	 4	 2	 2
German shepherd (or mix)	 4	 2	 1
Shetland sheepdog	 3	 1	 0
Chihuahua	 3	 1	 0
Poodle (or mix)	 3	 2	 1
Border collie (or mix)	 3	 1	 1
Beagle (or mix)	 2	 2	 0
Alaskan malamute (or mix)	 2	 1	 1
Boston terrier	 2	 0	 2
Golden retriever	 2	 1	 0
Other (American pit bull, Bernese 	 12 (1 of each)	 4	 1 
mountain dog*1, Brussels griffon*, 		  * in list	 1 in list 
Chow-x, dalmatian, doberman,  
English bulldog, mixed breed*,  
Pomeranian, pug*, Rottweiler,  
Siberian husky*)

Figure 1.  Transverse T2 (A), T1 post-contrast (B) images at the level of L4 (patient’s right is on the left of the image) and sagittal 
T2 image (C) of the lumbar vertebral column. In the left spinal cord there is a focal high T2 signal intensity. In the left multifidus muscles 
there is a linear lesion (arrow) that was only evident on the T1 post-contrast fat-suppressed image.
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was as follows: 3 intact females, 29 spayed females, 5 intact 
males, and 24 neutered males, for a total of 32 females and 
29 males, with no apparent gender bias observed in the dogs 
presenting for presumptive FCEM. The gender distribution 
was similarly split between those presenting with hyperesthesia 
and the control group. The time elapsed between the onset of 
neurological signs and MRI ranged from 6 to 384 h. The breeds 
included in the study are shown in Table 1.

Prolonged vertebral column hyperesthesia was reported in 
26 dogs (43%) and epaxial muscle hyperintensity was observed 
in 14 dogs (23%) (Figure 1) among the 61 FCEM patients in 
the study population. The muscles affected included the lon-
gissimus, iliocostalis thoracis, and transversospinalis muscles. 
There were no instances of observed muscle hyperintensity 
in the 15 cases without a fat suppressed sequence available, 
whereas muscle hyperintensity was observed in 14 cases out 
of 46 cases with a fat suppressed sequence available. Fat sup-
pressed sequences highlight muscle abnormality (P = 0.0137). 
In 10/14 cases the muscle lesions were noted on only T1 
fat-suppressed post-contrast images, 0/14 on only T2 fat-
suppressed images, and 4/14 on both T1 post-contrast and T2 
fat-suppressed images. The lesions varied in shape and were 
noted to be linear and wedge in 11 and 3 patients, respectively 
(Figure 2).

In 71% (10/14) of the cases with epaxial muscle hyperin-
tensity, the muscle abnormality was observed in the immediate 

region of FCEM. In some cases, the muscle hyperintensity 
and/or site of FCEM were observed to be primarily unilateral. 
Unilateral muscle hyperintensity was found in 10/14 patients 
exhibiting muscle hyperintensity and was ipsilateral to unilateral 
FCEM in 1/10 patients, while the remaining unilateral inci-
dences of muscle hyperintensity were either contralateral to the 
site of FCEM (1/10) or alongside bilateral FCEM (8/10). Since 
only 1/10 patients displayed unilateral muscle hyperintensity 
along with ipsilateral unilateral FCEM, no further statistical 
analysis was performed.

The number of patients with hyperesthesia and/or muscle 
hyperintensity is given in Table 2. There was no significant 
association between epaxial muscle hyperintensity and prolonged 
signs of vertebral column hyperesthesia. Out of the 47 dogs 
without muscle hyperintensity, 18 (38%) had prolonged signs 
of vertebral column hyperesthesia and 29 (62%) did not. Out 

Figure 2.  Transverse T1 Fat Sat post-contrast images of 4 cases with contrast enhancing lesion in the epaxial muscles with varied 
distribution (patient’s right is on the left of the image): peripheral lesion on the left (A), patchy lesion on the left (B), central poorly 
enhancing lesion on the left (C), bilateral lesions (D).

Table 2.  Distribution of epaxial muscle hyperintensity and/or 
prolonged vertebral column hyperesthesia within the study 
population (N = 61).

	 Muscle 	 No muscle 
	 abnormality	 abnormality	 Total

Hyperesthesia	 8	 18	 26

No hyperesthesia	 6	 29	 35

Total	 14	 47	 61
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of the 14 patients with muscle hyperintensity, 8 (57%) had 
prolonged signs of vertebral column hyperesthesia and 6 (43%) 
did not, resulting in no determined association between the two 
(P = 0.5447).

Discussion
Canine FCEM has not historically been associated with lasting 
vertebral column hyperesthesia (1,3,6,7,11–15). However, in 
almost half (43%) of the patients in this study, prolonged signs 
of vertebral column hyperesthesia were elicited in the region 
of ischemic injury. Therefore, vertebral column hyperesthesia 
appears to be much more prevalent in our study population 
than previously reported in the literature. Fibrocartilaginous 
embolic myelopathy has been documented in several other 
species as well, in which prolonged signs of vertebral column 
hyperesthesia are not reported as a common presentation, 
although in some species it may be more difficult to determine 
(17–23). In human medicine, there is little mention of hyper-
esthesia associated with FCEM and if present, it is typically 
only a sharp, transient pain associated with the onset of clinical 
signs. It is therefore unique that vertebral column hyperesthesia 
appears to frequently be recorded in these canine patients. It is 
speculated that hyperesthesia in these patients could be due to 
meningeal stretch at the time of the vascular incident, a result 
of vasospasm, or due to pain receptors in the annulus fibrosus 
of the implicated intervertebral disk (24). Multiple clinicians 
were involved in the assessment of hyperesthesia for the dogs 
retrospectively included in this study and, while the assessment 
is generally subjective, any instances in which hyperesthesia was 
not recorded as certain or was unable to be differentiated from 
anxiety were categorized as non-painful.

Several cases originally diagnosed as FCEM in the medical 
record were not found to meet the inclusion criteria for this 
study because they were diagnosed upon review to be an acute 
noncompressive nucleus pulposus extrusion (ANNPE), also 
known as high-velocity-low-volume disk extrusion or traumatic 
disk extrusion (16,25). Dogs with ANNPE are often presented 
with signs of asymmetric myelopathy that is non-progressive 
after the first 24 h, similar to FCEM. Patients with ANNPE 
are more likely to have a history of vocalization at the time of 
onset and exhibit vertebral column hyperesthesia at the time 
of examination (10). The 2 conditions share MRI characteris-
tics, with the key differences being the presence of extraneous 
material or signal changes within the epidural space, charac-
teristics of the hyperintensity (direction, length), as well as 
possible meningeal contrast enhancement in cases of ANNPE. 
Interobserver agreement based on MRI assessment of patients 
with suspected ANNPE or FCEM has been reported to be 100% 
based on these characteristics (26). Patients with these ANNPE 
MRI characteristics did not meet the inclusion criteria for the 
present study; however, if imaging occurred after dissipation 
of the extruded nucleus pulposus, the 2 conditions would only 
be distinguishable on histopathology. If this were the case, 
then some patients diagnosed with FCEM may simply be the 
ANNPE cases in which disk material is not visible due either to 
the small amount herniated, the disk material dissipating within 
the canal prior to imaging, or inappropriate MRI slice thick-

ness being used and the extruded disk material being missed. 
A subsequent study would be required to properly assess these 
variables since our study criteria excluded patients diagnosed  
with ANNPE.

Abnormal muscle hyperintensity was displayed on MRI 
in over one-fifth (23%) of canines diagnosed with presump-
tive FCEM. High signal intensity in the epaxial muscles of 
patients was primarily seen in fat-suppressed MRI sequences. 
Fat-suppressed sequences can be generated by 2 techniques 
(inversion recovery, chemical fat suppression) but both result in 
nulling of the high signal intensity of fat, increasing the sensitiv-
ity to detect lesions in areas that contain both soft tissue and 
fat (e.g., muscle) (27). In all cases, muscle hyperintensity was 
seen on fat-suppressed sequences and, in patients in which these 
sequences were not available, muscle abnormality was either not 
present or not able to be observed. In 14 of the 61 cases in this 
study, fat-suppressed sequences were not obtained; therefore, 
it cannot be determined definitively whether these cases had 
unobserved muscle abnormalities. This further supports the 
proposal that fat-suppressed sequences should be included when 
imaging suspected FCEM patients in order to determine if 
muscle abnormality is present (28). The origin of the observed 
muscle hyperintensity has not been determined and other pos-
sibilities must be considered such as trauma, intra-muscular 
injections, and infarction of the muscle along with the spinal 
cord during FCEM. For the patients included in this study, 
there was no known trauma. All intra-muscular injections 
prior to MRI were recorded, with 25/61 dogs having received 
intra-muscular injections and 7 of the 14 patients with observed 
muscle hyperintensity not having received an intra-muscular 
injection. The exact site of injection was unknown; however, the 
focal distribution of the observed muscle hyperintensity was fre-
quently found within 1 muscle belly or 1 head of the multifidus 
muscle near the site of presumptive FCEM, further suggesting 
that intra-muscular injections were unlikely to be responsible. 
Abnormal epaxial muscle hyperintensity has also been associ-
ated with other myelopathies, e.g., approximately 40% of dogs 
with meningoencephalomyelitis of unknown etiology (MUE); 
however, the clinical presentation in these cases was suspicious 
for inflammatory spinal cord disease (28).

In summary, abnormal muscle hyperintensity was found in 
23% of canine patients diagnosed with presumptive FCEM 
by MRI in the study population. This muscle hyperintensity 
is either unilateral or bilateral and often found in the epaxial 
muscles immediately surrounding the region of presumptive 
FCEM. In this study, muscle hyperintensity was exclusively 
observed in the fat-suppressed MRI sequences. Several (6/14) 
cases without fat-suppressed MRI sequences were reported to 
have prolonged signs of hyperesthesia, and because of this, 
undetected muscle abnormalities are a limitation of the pres-
ent study that could have statistically affected the results. In 
subsequent studies, it would be valuable to gather a larger pool 
of subjects and ensure that fat-suppressed sequences are taken, 
especially for those patients presenting with prolonged signs of 
hyperesthesia. In addition to having fat-suppressed sequences 
included, clinicians should be aware that muscle abnormality 
may be present. Carefully recording the site of intra-muscular 
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injections prior to MRI and ensuring that they are not in the 
area of suspected injury would be beneficial in ruling out any 
relation to the presence of muscle abnormality. Further research 
is required to determine the origin and consequence of MRI 
muscle hyperintensity in these patients. A prospective study 
would be recommended in order to have specific detail in medi-
cal records especially pertaining to hyperesthesia and location 
of intra-muscular injections, and to ensure that fat-suppressed 
MRI sequences are included.

The purpose of this study was to report the observation that 
vertebral column hyperesthesia is present in cases of presump-
tive canine FCEM more often than currently described in 
literature, to evaluate the occurrence and frequency of epaxial 
muscle hyperintensity observed on MRI of some presumptive 
canine FCEM patients, and to determine if the latter is related 
to the presence of prolonged vertebral column hyperesthesia. 
The presence of abnormal muscle hyperintensity could not be 
correlated to those patients presenting with prolonged vertebral 
column hyperesthesia. Therefore, further research is indicated 
in order to assess the origin and pathology. Overall, patient 
records indicate that prolonged vertebral column hyperesthesia 
is repeatedly being recorded in presumptive canine FCEM 
patients, which has not been previously reported. This finding 
is clinically significant as FCEM is characteristically considered 
to be a non-painful condition, and the presence of pain may 
direct clinicians towards an alternate disease process, particularly 
in cases in which MRI is not available.	 CVJ
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