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Background: Medullary elevation (ie, medullary kinking) at the craniocervical junction (CCJ) is reported in dogs with

Chiari-like malformations (CM), but its diagnostic criteria and clinical relevance are unclear.

Objective: To describe the position of the medulla at the CCJ in mature cavalier King Charles spaniels (CKCS), and eval-

uate its relationship with clinical status and the presence of syringomyelia.

Animals: Thirty-six CKCS, 5–12 years of age, including 16 asymptomatic dogs.

Methods: Dogs were assigned a neurologic grade; magnetic resonance imaging (MRI) of the CCJ then was performed.

The presence of a CM and syringomyelia was recorded and syringomyelia severity was quantified. Medullary position was

quantified using the medullary kinking index, the elevation angle and obex position relative to the foramen magnum. The

relationship between medullary position measures and presence and severity of neurologic signs and syringomyelia was inves-

tigated.

Results: Chiari-like malformation was found in 33 dogs; 26 of them had syringomyelia. Mean medullary kinking index

was 46.4% (SD, 10.3), elevation angle was 132° (SD, 12) and obex position was 3.5 mm (SD, 0.8). A higher medullary kink-

ing index was associated with the presence of neurologic signs (P = .0368). Obex position was associated with the presence

(P = .0018) and severity of syringomyelia (P = .0164).

Conclusions and clinical importance: There is a significant association between medullary elevation and clinical signs,

whereas more caudal brainstem positions appear related to the presence of syringomyelia.
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Chiari-like malformations (CM) are defined by cere-
bellar herniation and crowding of the foramen

magnum, with the absence of cerebrospinal fluid at the
craniocervical junction; these frequently are associated
with syringomyelia.1,2 Medullary elevation3,4 or “kink-
ing,”5–11 also is considered a component of canine CM
that occurs in conjunction with this disease with a
reported prevalence of 40–68% in toy and small breed
dogs,7,12 and of 66–100% in Cavalier King Charles
spaniels (CKCS).5,8,9 It can be identified on magnetic
resonance imaging (MRI) studies as a ventrally concave
and elevated appearance of the caudal medulla oblon-
gata at its junction with the cranial cervical spinal cord
(ie, the cervicomedullary junction), independent of bony
structures (ie, exclusive of direct medullary compres-
sion).5,13,14 Compression of the subarachnoid space may
be seen at this level in up to 70% of cases.9 Medullary
“elongation”8 and herniation through the foramen

magnum1 also have been proposed as components of
CM in dogs.

Medullary kinking and herniation are well recognized
in humans with Chiari type II malformations, and
indeed, the terminology in dogs appears to have been
adopted from the human medical literature. In humans,
medullary kinking is described as herniation or distal
displacement of the medulla oblongata and fourth ven-
tricle through the foramen magnum and into the spinal
canal, resulting in downward “kinking” or “buckling”
of the medulla oblongata at the level of the gracile and
cuneate nuclei.15,16 Herniation of the brainstem and
medullary kinking can occur concurrently, and are
known to impact the clinical presentation of affected
patients. In particular, the condition in humans has
been linked to both neuropathic pain and cervicomedul-
lary dysfunction, particularly if kinking is located distal
to the fourth cervical vertebra.15

The characteristics of the “kink” differ, however,
between the conditions in dogs and humans. In the latter,
at the level of the s-shaped “kink,” the medulla oblongata
lies caudal to (ie, “behind”) the upper cervical spinal
cord.16 This positioning is observed in 70% of human
patients with type II Chiari malformation,15,16 at the cau-
dal-most extent of the cerebellar herniation, along with
other concurrent anomalies, such as spina bifida, arach-
noid diverticulae, and diastematomyelia. The distal-most
aspect of the kink occurs most commonly at the level of
the second to fourth cervical vertebrae, although it can
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be located as far distally as the upper thoracic verte-
brae.15–17 Brainstem herniation also may be present along
with Chiari 1.5 malformations.17

In contrast, with medullary kinking in dogs, the
“kinked” medulla oblongata appears to be elevated as a
whole, rather than overlapping with the cervical spinal
cord,15,16 and herniation of the brainstem through the
foramen magnum is described only as a subjective find-
ing.16 Neither dorso-ventral overlapping of the medulla
oblongata with the cervical spinal cord, nor positioning
of the “kinked” medulla oblongata farther distal than
the second cervical vertebrae is described.5–12,14 Thus,
the term “medullary elevation” more accurately may
reflect the morphologic changes than the term “medul-
lary kinking.”

Until recently, “medullary kinking” had been
reported as a subjective finding (ie, present or absent),
rather than as an objective evaluation of medullary
position. Although it was suspected of influencing the
clinical status of affected dogs,9 studies evaluating this
relationship in young CKCS did not find any associa-
tions between its presence and that of either clinical
signs or syringomyelia.5 More recently, a medullary
kinking index was described7 as an objective measure of
medullary elevation at the craniocervical junction. Our
study aims to utilize the newly described index to evalu-
ate the relationship of this and other novel measures of
medullary position to both clinical signs and syringomy-
elia in a group of mature CKCS. We also aim to assess
the position of the medulla oblongata with respect to
the foramen magnum (ie, medullary herniation) and the
relationship of this measurement with clinical signs,
syringomyelia, or both.

Methods

Inclusion Criteria

Thirty-six CKCS were prospectively recruited. Dogs enrolled in

this study also took part in a separate concurrent study. Full

recruitment details and inclusion criteria are described in that

study.5

Clinical and MRI Assessment

Each owner was interviewed in person at the time of imaging

and completed a questionnaire inquiring about the dog’s behavior

at home, signs of neuropathic pain or signs of neurologic dysfunc-

tion. Specifically, the questionnaire determined whether the owner

had noted the following: gait change; scratching or rubbing of the

neck, head, or shoulders, decreased interactivity with owners com-

pared to littermates or housemates; episodes of crying out; or,

other indicators of apparent pain seen at home. When scratching

or rubbing was seen, owners were asked which area was involved,

frequency of occurrence, and factors inciting the behavior. Owners

also were questioned about past and current medical or surgical

management (eg, medications, dosing regimen, and response to

treatment). A full neurologic examination then was performed by

1 of the investigators (SCG or NJO). Findings were used to assign

each dog a neurologic grade between 0 and 5, according to previ-

ously published criteria.5

In preparation for imaging, each dog was anesthetized (see

companion study) then positioned for MRIa in sternal recumbency

with the craniocervical junction in an extended position (ie, neck

lying flat on the table), in a typical position for imaging of the

head and neck. Acquired sequences included: T1- and T2-weighted

sagittal images and T2-weighted transverse images of the cranio-

cervical junction and cervical spine. Images were uploaded into

OsiriX Medical Imaging Software (open source software,

www.osirix-viewer.com) and assessed for the presence of CM (ie,

cerebellar indentation, herniation, or both through the foramen

magnum, and loss of cerebrospinal fluid at the craniocervical junc-

tion) and syringomyelia. In dogs with syringomyelia, a grade

between 0 and 3 was assigned to denote severity (Table 1).

The position of the medulla oblongata was quantified using 2

objective measures, as follows: the recently described medullary

kinking index,7 and the angle formed between the ventral and cau-

dal margins of the medulla oblongata (ie, the medullary elevation

angle), to quantitate medullary elevation at the cervicomedullary

junction (Fig 1). The former was evaluated by measuring the dis-

tance between the ventral margin of the ventral subarachnoid

space and the ventral margin of the cervico-medullary junction, at

its point of maximal elevation. This distance was divided by the

height of the nearest normal spinal cord, to obtain a percentage

value. Lastly, to evaluate the position of the brainstem in relation

to the foramen magnum, the distance between the obex (ie, caudo-

dorsal-most border of the fourth ventricle) and a line drawn paral-

lel to the foramen magnum was measured (termed obex position,

Fig 2). Identification of the obex as the caudal border of the

brainstem has been previously described.6 Assessments were made

by a single observer (SCG).

Statistical Analysis

Data were evaluated using SAS softwareb and included the fol-

lowing parameters: the presence of a CM (Y or N), the variables

Table 1. Grading criteria for syringomyelia severity.

Grade Severity of SM

0 None

1 <33% of spinal cord

2 33–60% of spinal cord

3 >60% of spinal cord

SM, syringomyelia.

Fig 1. The angle formed between the ventral and caudal margins

of the medulla oblongata was evaluated (medullary elevation

angle) and used to quantitate medullary elevation at the cervico-

medullary junction.
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(Y or N) and severity (grade 0–5) of clinical signs, syringomyelia

presence (Y or N) and severity (grade 0–3), medullary kinking

index, medullary elevation angle, and obex position. Ordinal fac-

tors, such as neurologic and syringomyelia grades were examined

using contingency tables. The significance of relationships between

ordinal variable pairs was established using Chi Square tests.

Associations between disease severity and continuous measure-

ments (eg, medullary kinking index, medullary elevation angle,

obex position) were investigated using Spearman correlation coeffi-

cients. Continuous measurements were compared across 2 groups

(ie, presence of syringomyelia) using Wilcoxon nonparametric

tests, whereas Kruskal–Wallace tests were used to compare across

2 groups (ie, neurologic sign severity). The alpha level was

decreased from 0.10 to 0.035 to control for the increased chance

of false positives resulting from multiple comparisons. Receiver

Operator Characteristic (ROC) curves were created to determine

whether the medullary kinking index and obex position measure-

ments could be used to predict the presence of neurologic signs or

syringomyelia, respectively.

Results

Patient Characteristics

Thirty-six CKCS were screened for craniocervical
junction anomalies, including 15/36 male dogs (41.7%)
ranging in age from 5 to 12 years (mean, 8.8 years;
median, 9 years). Sixteen of these (44%) were asymp-
tomatic; the remaining 20 (56%) had varying degrees of
neck pain and dysesthesia. In 6 dogs, neck pain alone
was found, without other sensory or neurologic signs. A
single dog was assigned a neurologic grade of 5 (ie,
ataxia and tetraparesis), but was excluded from statisti-
cal analysis because of the high likelihood of postopera-
tive sequelae impacting the dog’s clinical signs.18

Foramen magnum decompression had been performed
in two other dogs without complications.

Imaging Findings

Chiari-like malformations were found in 32 dogs
(91.4%). Measurements could be performed in all dogs,
including medullary index, angle, and obex position
(Tables 2 and 3). Medullary kinking index measure-
ments ranged from 31.1 to 92% (mean, 46.4; median,
46.4; SD, 10.3). Medullary elevation angles of 107–158
degrees were found (mean, 132; median, 130; SD, 12).
Obex measurements ranged between 1.7 and 5.3 mm
(mean, 3.5 mm; median, 3.4 mm; SD, 0.8) rostral to the
foramen magnum.

Relationship between Medullary Position and Clinical
Signs

The medullary kinking index was found to be signifi-
cantly associated with the presence of neurologic signs
(P = .0368), but measurements of elevation angle
(P = 0.5444) and obex measurements (P = .0827) were
not. When considering the severity of signs, neurologic
grade was not found to be significantly associated with
medullary elevation index measurements (P = .2826),
elevation angle (P = .9672), or obex measurements
(P = .4789). Receiver Operated Characteristic analysis
evaluating the medullary kinking index as a predictor of
neurologic signs yielded an area under the curve of
0.713. When used as a diagnostic test, a cut-off value
of 44.8% had a sensitivity of 86% and a specificity of
64% for predicting the presence of neurologic signs.

Relationship between Medullary Position and
Syringomyelia

Syringomyelia was present in 26 dogs (74.3%), and
varied in severity (grade 1, 23%; grade 2, 38.5%; grade
3, 38.5%). Medullary kinking index and medullary
angle measurements were not associated with the pres-
ence of syringomyelia (P = .9709, P = .9273, respec-
tively) or severity (P = .0847, P = .5993, respectively).
In contrast, lower obex position measurements (ie, obex
closer to the foramen magnum) were significantly asso-
ciated with both the presence (P = .0018) and severity
(ie, grade; P = .0164) of syringomyelia. Receiver Oper-
ated Characteristic analysis evaluating the obex position
measurement as a predictor of syringomyelia yielded an
area under the curve of 0.846. When used as a diagnos-
tic test, a cut-off value of 3.5 mm had a sensitivity of
79% and a specificity of 90% for predicting the pres-
ence of syringomyelia. When considering the relation-
ship between this measurement and syringomyelia
grade, a 1 mm increase in the foramen magnum to obex
measurement was associated with an almost 5-fold
increase in the odds of a higher syringomyelia grade
(odds ratio, 4.86; confidence limits, 1.7–13.7;
P = .0028).

Discussion

Medullary kinking has been reported to occur in the
CKCS breed, with up to 100% of dogs subjectively

Fig 2. The position of the brainstem was evaluated by measuring

the distance between the obex (ie, caudodorsal-most border of the

fourth ventricle) and a line drawn parallel to the foramen mag-

num. This was termed the obex measurement.
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demonstrating medullary elevation in 1 report.8 In
addition, it has been suggested that medullary kinking
plays a role in determining the presence of clinical
signs6 and syringomyelia9 in affected dogs of this
breed, although this relationship could not be con-
firmed using subjective evaluations of medullary posi-
tion.5 In contrast, use of the medullary kinking index
in this study identified a significant association between
medullary position and clinical status (ie, the presence
of neurologic signs). Specifically, more pronounced ele-
vation of the medulla oblongata was present in dogs
with clinical signs in comparison to asymptomatic
dogs. Although further research is needed to determine
whether this relationship is causal in nature, use of the
medullary index may aid in evaluating potential causes
of neuropathic pain in CKCS. This is particularly per-
tinent in light of the frequent diagnosis of >1 concur-
rent CCJ abnormality in affected dogs, making it
difficult to determining the clinical relevance of each
finding.5,13,19–21

Similarly, in humans, evaluating the severity of med-
ullary kinking rather than its presence or absence is
considered critical for determining whether it is likely to
be associated with clinical signs. Specifically, patients
with descent of the medulla oblongata (ie, level of
“kinking”) below the level of the C3-C4 intervertebral
disk space are likely to be symptomatic, whereas clinical
manifestations are not as consistently seen in patients in
whom the kink does not extend beyond this disk
space.15 However, in contrast to the human condition,
the cause of pain associated with differences in medul-
lary position in dogs has yet to be determined. Addi-
tional anatomic studies are needed to determine
whether compression of C1 nerve roots could be impli-
cated in addition to syringomyelia, as has been
suggested in dogs with CM.22

Brainstem herniation also has been proposed to
occur with CM, although its clinical relevance has not
been fully elucidated.1 Movement of the medulla

oblongata has been demonstrated using phase-contrast
MRI, whereby caudal movement of the medulla oblon-
gata through the foramen magnum is seen with the
arrival of a systolic pulse.23,24 In addition, cerebellar
pulsation (ie, degree of movement of the cerebellum
during the cardiac cycle) was evaluated in a group of
CKCS with CM, and was shown to differ significantly
between dogs with or without syringomyelia.24 Simi-
larly, although our study did not evaluate medullary
movement, we found that static brainstem position
measurements (ie, obex position) were associated with
both the presence and severity of syringomyelia. In
addition, an obex position measurement of ≤3.5 was
sensitive (79%) and highly specific (90%) for the pres-
ence of syringomyelia. This measurement therefore
may be useful as part of a comprehensive clinical eval-
uation of the craniocervical junction. Additional
research is needed to determine the role of both brain-
stem herniation and pulsation in the development of
syringomyelia.

Finally, the age of dogs in our study (median,
9 years) differed from that of previous reports of med-
ullary kinking (median, 2.5 years).5 The older age of
our study population could have influenced our results
if the relationship between these measurements and clin-
ical signs or syringomyelia changes as affected dogs age.
Changes in craniocervical junction morphology with
increasing age are reported in the CKCS breed, includ-
ing increases in the severity of syringomyelia, the height
of the foramen magnum, the length of cerebellar hernia-
tion, and the volume of the caudal cranial fossa.25 In
addition, clinical signs reportedly worsen over time in
75% of CKCS with a CM and associated syringomye-
lia.26 Determining whether such a change occurs in
medullary position necessitates performing a longitudi-
nal study, however.

Conclusions

Our study provides 3 different objective measure-
ments of medullary position in a cohort of mature
CKCS. Using these measurements, we identified a
relationship between higher medullary kinking indices
and clinical status, but this relationship does not
extend to syringomyelia. Lower obex measurements
instead were associated with the presence of syringo-
myelia. Additional investigation is needed to deter-
mine whether the relationship between medullary
position and clinical signs oe syringomyelia is causal
in nature.

Table 2. Medullary kinking index, medullary angle, and obex position values per neurologic grade. Values are listed
as mean/median.

Neurologic Grade 0 1 2 3 4 5

Number of dogs per

neurologic grade

14 4 3 13 0 1

Medullary kinking index 41.8/39.5 47/46.6 59.5/50.9 47.9/48.4 – 51.4

Medullary angle 131/131 135/136 128/130 134/133 – 134

Obex position 3.9/3.6 3.1/3.1 3.3/3.3 3.4/3.3 – 3.5

Table 3. Medullary kinking index and obex position
measurements by clinical status and syringomyelia. Val-
ues are listed as (mean/median, SD).

Medullary Kinking

Index (%) Obex Position (mm)

Symptomatic 49.6/47.8 (12) 3.4/3.4 (0.7)

Asymptomatic 43.3/42/2 (7.7) 3.5/3.4 (0.8)

SM present 47/46.9 (11.5) 4.1/4.2 (0.8)

SM absent 46.2/46.4 (7.3) 3.2/3.3 (0.6)
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Footnotes

a MRI was performed on the following 1.5T scanners: 1, North

Carolina State University (AnimalScan), MAGNETOM Sym-

phony, Siemens Medical Solutions USA, Inc, Malvern, PA; 2,

Cornell University: Vantage Atlas, Toshiba America Medical

Systems, Tustin, CA.
b Version 9.3, Cary, NC, USA.
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