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Abstract

Objective: To determine cutoff values for the diagnosis of atlantoaxial instabil-

ity (AAI) based on cross-sectional imaging in small-breed dogs.

Study design: Retrospective multicenter study.

Sample population: Client-owned dogs (n = 123) and 28 cadavers.

Methods: Dogs were assigned to three groups: a control group, a “potentially
unstable” group, and an AAI-affected group, according to imaging findings

and clinical signs. The ventral compression index (VCI), cranial translation

ratio (CTR), C1-C2 overlap, C1-C2 angle, atlantoaxial distance, basion-dens

interval, dens-to-axis length ratio (DALR), power ratio, and clivus canal angles

were measured on CT or T2-weighted magnetic resonance (MR) images.

Receiver operating characteristic (ROC) analysis was performed to define cut-

off values in flexed (≥25�) and extended (<25�) head positions.

Results: Cutoff values for the VCI of ≥0.16 in extended and ≥0.2 in flexed

head positions were diagnostic for AAI (sensitivity of 100% and 100%, specific-

ity of 94.54% and 96.67%, respectively). Cutoff values for the other measure-

ments were defined with a lower sensitivity (75%-96%) and specificity (70%-

97%). A combination of the measurements did not increase the sensitivity and

specificity compared with the VCI as single measurement.

Conclusion: Cutoff values for several imaging measurements were established

with good sensitivity and specificity. The VCI, defined as the ratio between the

ventral and dorsal atlantodental interval, had the highest sensitivity and speci-

ficity in both head positions.
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Email: christina.precht@vetsuisse.
unibe.ch Clinical significance: The use of defined cutoff values allows an objective diag-

nosis of AAI in small-breed dogs. The decision for surgical intervention, however,

should remain based on a combination of clinical and imaging findings.

1 | INTRODUCTION

Atlantoaxial instability (AAI) is mostly observed in
young small-breed dogs and results in dorsal subluxa-
tion of the axis, leading to ventral compression of the
cervical spine.1 It usually develops after minor trauma
from congenital abnormalities of the dens axis and/or
its supporting ligamentous structures.1,2–4 Clinical
signs in affected dogs range from cervical hyperesthesia
to tetraplegia and, in severe cases, even respiratory
arrest and death.1 Diagnosis of AAI is based on clinical
findings combined with radiographs or cross-sectional
diagnostic imaging techniques such as computed
tomography (CT) and magnetic resonance imaging
(MRI).1,5,6 Radiographic findings include dorsal dis-
placement of the dens axis within the vertebral canal,
increased distance between the atlas dorsal arch and
the axis spinous process, and increased angulation
between both vertebrae, and hypoplasia or aplasia of
the dens axis.7 Cummings et al. also recently published
quantitative radiographic criteria for the diagnosis of
AAI in small-breed dogs.7 They concluded that a C1-C2
overlap, defined as the distance of overlap between the
axis spinous process and an atlas dorsal arch smaller
than 1.55 mm was the most sensitive (100%) and spe-
cific (94.5%) radiographic measurement in the diagno-
sis of AAI in small-breed dogs. Complementary
pathological MRI findings include elongated and thick-
ened apical, alar, or transverse ligaments, and focal spi-
nal cord signal changes.6 In some cases the final
diagnosis may nevertheless remain questionable even
after the evaluation of the atlantoaxial joint on CT or
MR images.

After evaluating the ligamentous functions and the
influence of the head–neck position on imaging measure-
ments used to assess the craniovertebral junction (CVJ)
on CT and MR images, a combination of measurements
was suggested to be promising for the diagnosis of AAI.8,9

However, defined cutoff values for cross-sectional imag-
ing techniques, which allow an objective diagnosis of
AAI in dogs, have not been established yet. Conse-
quently, the goal of the present study was to determine
cutoff values for the ventral compression index (VCI),
cranial translation ratio (CTR), C1-C2 overlap, C1-C2
angle, atlantoaxial distance, basion-dens interval, dens-
to-axis length ratio (DALR), power ratio, and clivus canal
angle, based on CT and MRI examinations of AAI-

affected and nonaffected small-breed dogs. We hypo-
thesized that a differentiation between AAI-affected
and nonaffected dogs would be clearly possible based
on the imaging measurements mentioned above, conse-
quently allowing an objective diagnosis of AAI in small-
breed dogs.

2 | MATERIALS AND METHODS

2.1 | Animals

Medical records of small-breed dogs presented between
January 2006 and August 2016 at 5 different institutions
(Universities of Bern and Zürich, Switzerland, University
Cardenal Herrera-CEU Spain, Davies Veterinary Special-
ists United Kingdom, Justus-Liebig-University Giessen
Germany) were retrospectively reviewed. The dogs
affected by AAI dogs consisted of toy or small-breed
(<10 kg) dogs diagnosed with AAI on neurological exam-
ination and subjective interpretation of CT and/or MRI.
Records were included if cross-sectional imaging
included the CVJ, encompassing at least the tuberculum
sellae as a rostral anatomic landmark and the caudal
endplate of C2 as caudal anatomic landmark. Controls
consisted of small-breed dogs presented in the institu-
tions mentioned above during the same period of time
for a disease not involving the CVJ. In addition, 28 small-
breed dog cadavers examined in a previous study in
standardized head and neck positions were included.9

In control dogs, the CVJ was evaluated as unremarkable
in CT and/or MRI studies. Dogs with an abnormal
conformation of their atlantoaxial joint consisting in a
subjective cranial translation of the dens axis in the
absence of dorsal angulation were classified in a third
group (a potentially unstable group). Dogs not meeting
the inclusion criteria for any of the three groups (control
group, “potentially unstable” group, and AAI-affected
group) were excluded. Cases and controls were not mat-
ched for breed, sex, or age. If the age or weight of an ani-
mal was not reported in the reviewed documentation, the
parameter was indexed as a missing value. This study
was performed in compliance with the Swiss ethics regu-
lations and all owners provided a signed informed con-
sent at the time of presentation or death in case of
donation of their animals’ bodies to the furtherance of
medical science.
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2.2 | Procedures and diagnostic imaging

Neurological and diagnostic imaging examinations were
undertaken according to the particular institute's proto-
col and were therefore not standardized. However, cross-
sectional imaging had to include the CVJ as previously
described. Images were sent in Digital Imaging and Com-
munications in Medicine (DICOM) format and imported
into the DICOM viewer IMPAXX EE (IMPAXX EE, Agfa
Healthcare, Mortsel, Belgium) for review. Images were
reviewed by the author (BP) under the supervision of a
board-certified veterinary radiologist (CP). No access to
group information was available for the authors during
the review and measurements.

2.3 | Measurements

The measurements examined in the present study are
derived from various radiological studies on AAI or
Chiari-like malformations in both human and veterinary
medicine.7,10–13 The cranial translation ratio (CTR) was
established specifically for the present study. Measure-
ments are described in Table 1 and illustrated in Fig-
ures 1-3. The recorded value for each measurement was
based on a single measurement. Cases and controls were
classified into extended group or flexed group according
to their head position during the diagnostic imaging. The
head position was classified as extended when the angle
of head position was <25� or as flexed when the angle
was ≥25�. If both modalities, CT and MRI, were avail-
able, the measurements were performed on CT only. If
MRI was the only modality available, the measurements
were made on a T2-weighted turbo spin echo (TSE) sagit-
tal sequence. Qualitative parameters, such as medullary
kinking, dorsal contact between the dens axis and spinal
cord, cervical syringomyelia, and the transition of the
base of the dens axis and the caudal border of the atlas
ventral arch, were assessed during the evaluation of the
diagnostic images to allow a better differentiation
between groups.

2.4 | Statistical analysis

All statistical analyses were performed with NCSS 2021
statistical software (NCSS, LLC, Kaysville, Utah). Using
PASS 2021 statistical software (PASS, LLC), we calculated
the lower 1-sided 95% confidence interval (CI) separately
for both sample sizes – dogs examined in extension and
in flexion. For the smaller group (dogs examined in

TABLE 1 Description of the quantitative imaging

measurements of the craniovertebral junction

Imaging
measurements Description

Angle of head
position

Formed by the intersection of a line
drawn between the tuberculum sellae
and the basion and a second line
between the cranio- and caudodorsal
borders of the axis vertebral body

Clivus canal angle Formed by the line extending from the
top of the tuberculum sellae to the
basion and the line parallel to the floor
of the axis vertebral canal

C1-C2 overlap Cranial aspect of the axis spinous
process to the caudal border of the
atlas dorsal arch. A negative value
indicates that the axis spinous process
is no longer superimposed with the
atlas arch.

Basion-dens
interval

Basion to the tip of the dens axis

Ventral
compression
index (VCI)

Calculated by dividing the ventral
atlantodental interval (VADI) by the
dorsal atlantodental interval (DADI),
Figure 2.

Atlantoaxial
distance

Caudal aspect of the atlas dorsal arch to
the cranial aspect of the axis lamina

Power ratio Calculated by dividing the distance
between the basion and the midpoint
of the atlas dorsal arch by the distance
from the opisthion to the midpoint of
the dorsal aspect of the atlas ventral
arch

C1-C2 angle Formed by the intersection of a line
parallel to the atlas dorsal arch and the
axis lamina

Dens-to-axis length
ratio (DALR)

Calculated by dividing the length of the
dens by the one of the axis body. The
length of the dens axis is defined as
the distance between the tip and the
ventral base of the dens. The length of
the axis body is measured from the
line drawn perpendicular to the axis
body and passing through the base of
the dens axis (white dashed line) to
the caudal aspect of the axis vertebral
body.

Cranial translation
ratio (CTR)

Calculated by dividing the distance of
cranial translation by the length of the
dens axis (Figure 3).

Abbreviations: CTR, cranial translation ratio; DALR, dens-to-axis length

ratio; DADI, dorsal atlantodental interval; VADI, ventral atlantodental

interval; VCI, ventral compression index.
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flexion), a random sample of 23 subjects from the positive
population (affected dogs) and 30 subjects from the nega-
tive population (controls) produced a 95% lower confi-
dence bound with a distance of 0.078 from the sample
area under the curve (AUC) of 0.800 to the lower limit,
which was thus 0.722. For AUC = 0.99, the lower 1-sided

95% CI was 0.99-0.016 = 0.974. The lower 1-sided 95% CI
allows investigation of whether the AUC is greater than
or equal to the estimate obtained. For all tests, P-values
below .05 (= desired α-level) were considered to be signif-
icant. The assumption of a normal distribution of the
measured variables was tested with Shapiro-Wilk and
D'Agostino Omnibus tests. First, descriptive statistics for
each measurement were reviewed. Then, the statistical
differences between the values obtained for the control
group, the “potentially unstable” group, and the AAI
group were assessed for every measured variable using a
2-sample t-test. Next, receiver operating characteristic
(ROC) curve and cutoff analyses were performed on vari-
ables where there were significant differences between
groups. Cutoff values were chosen to maximize sensitiv-
ity or to equilibrate sensitivity and specificity. After selec-
tion of the measured variables with the most relevant
sensitivity and specificity, a multivariable logistic regres-
sion analysis was also carried out to evaluate if a combi-
nation of the variables could improve the accuracy of the
diagnostic model. In addition, breed, sex, and weight dif-
ferences were assessed using repeated measures analysis
of variance with the dog's identification number as the
subject variable.

3 | RESULTS

A total of 151 small and toy breed dogs were included in the
present study; 114 dogs examined at the University of Bern,
15 at the Davies Veterinary Specialists, 10 at the University

FIGURE 1 Overview of the quantitative imaging

measurements. Opisthion-C1 ventral arch interval (1) and

basionQ15 C2 interval (2) to calculate the power ratio

FIGURE 2 Method for the measurement of the ventral

compression index (VCI). A line (white dashed) is drawn between

the midpoints of the atlas ventral and dorsal arches. The ventral

atlantodental interval (VADI, white) is measured along this line

between the dorsal aspect of the atlas ventral arch and the ventral

aspect of the dens axis. The dorsal atlantodental interval (DADI,

gray) is measured along the same line between the dorsal aspect of

the dens axis and the ventral aspect of the atlas dorsal arch (A). If

the dens axis did not cross the line due to hypoplasia or dorsal

angulation (B), a second line (white dotted) is drawn from the tip of

the dens perpendicularly to the first line, defining the VADI and

DADI. The VCI is calculated by dividing the VADI by the DADI.

Note the severe occipital dysplasia in both cases and the

atlantooccipital overlapping in case b (gray arrow)

FIGURE 3 Method for the measurement of the cranial

translation ratio (CTR). The distance of cranial translation (A) is

measured parallel to the long axis of the dens axis (white dashed

line), from the tip of the dens (white line) to the cranial border of

the atlas ventral arch (gray line). The length of the dens axis (B) is

defined as the distance between the tip (white line) and the ventral

base of the dens (gray line). The CTR is then calculated by dividing

the distance of cranial translation (A) by the length of the dens axis

(B). A step formation occurs when the ventral base of the dens is

located rostrally to the caudal border of the atlas ventral arch. In

this situation, the gray line at the ventral base of the dens is not

superimposed on the white line anymore
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of Zürich, 6 at the University Cardenal Herrera-CEU, and
6 at the Justus-Liebig-University Giessen. The most common
breeds were Yorkshire Terrier (n = 62) and Chihuahua
(n = 57), followed by Papillon (n = 16), Maltese (n = 11),
and various other breeds (n = 33) such as Pug, Pomeranian,
Pinscher and Shih Tzu. Eighty-seven dogs were male and 92
were female. Mean weight was 2.68 kg (SD ± 1.47 kg, miss-
ing values n = 35). No significant difference in weight was
detected between groups with repeated measures of
ANOVA. Mean age was 3.56 years (range from 3 months to
14 years old, missing values n = 28); dogs in the AAI group
in flexed head position were younger with a mean of
1.78 year (range from 4 months to 7.5 years old, P= .042).

Based on clinical and imaging findings, 55 dogs were
classified as affected by AAI (AAI group) and 96 dogs
were classified as unaffected by this condition (control
group). Twenty-one dogs were classified as potentially
unstable (potentially unstable group) due to the abnor-
mal conformation of their atlantoaxial joint with a sub-
jective cranial translation of the dens axis in absence of
dorsal angulation (Figure 4). Computed tomography was
the only modality available for 47 dogs (33 in extended
and 14 in flexed head position). Magnetic resonance
imaging only was the only modality available for 62 dogs
(51 extended and 11 flexed), and both modalities were
available for 42 dogs (11 extended, 3 flexed, as well as for
28 cadavers from a previous study,9 which were evalu-
ated in both positions). A total of 95 dogs and 28 cadavers
were examined with the head in extension (angle of head
position <25�, AAI group n = 32, control group n = 73,
potentially unstable group n = 18), and 28 dogs and
28 cadavers in flexion (angle of head position ≥25�, AAI
group n = 23, control group n = 30, potentially unstable

group n = 3). The 3 dogs in the potentially unstable
group examined in flexion were excluded from the statis-
tical analysis due to the small number of cases in this
group.

According to the results of the ROC analysis, high
diagnostic power was identified for 6 of the measure-
ments, namely the ventral compression index (VCI),
C1-C2 overlap, C1-C2 angle, atlantoaxial distance,
basion-dens interval, and dens-to-axis length ratio
(DALR) in both examined head positions (Table 2). The
combination of these measurements in a multivariable
logistic regression analysis did not increase the diagnostic
power when compared with the results of VCI as a single
measurement in both head positions. Mean ± standard
deviation of the VCI in extended head position was 0.11
± 0.03 for the control group, 0.62 ± 0.45 for the AAI
group, and 0.18 ± 0.03 for the potentially unstable group.
Mean ± standard deviation of the VCI in flexed head
position was 0.13 ± 0.04 for the control group and 1.17
± 0.61 for the AAI group (Figure 5). Differences between
mean values of the three groups in extended or flexed
head position were highly significant (for every compari-
son done, P was .000001). A VCI ≥0.16 in extension
and ≥0.20 in flexion was diagnostic for AAI (sensitivity
100% and 100%, specificity 94.54% and 96.67%, AUC
0.9974 and 0.9986, respectively). The VCI did not appear
to be dependent on breed, sex, or weight in our sample.
The same measurements allowed differentiation between
the AAI and the potentially unstable group (Table 3).
However, it was impossible to differentiate the patients of
the potentially unstable group from the ones in the con-
trol group with the measurements mentioned above. The
cranial translation ratio (CTR) was the only

FIGURE 4 Sagittal MR images (T2-weighted TSE) of the craniocervical junction of a Maltese with a physiologic atlantoaxial joint ((A)

control, VCI 0.11, CTR 0), of a Yorkshire Terrier classified as potentially unstable ((B) VCI 0.13, CTR 0.35), and of a Chihuahua diagnosed

with AAI ((C) VCI 0.3). Note the loss of continuity of the cerebrospinal fluid dorsal to the dens, focal spinal cord compression, and

medullary kinking as well as the marked cervical syringomyelia (B)

PLANCHAMP ET AL. 5



measurement appropriate for this purpose. Mean
± standard deviation of the CTR was 0.07 ± 0.1 for the
control group, and 0.28 ± 0.11 for the potentially unsta-
ble group (Figure 6). Forty-one percent of the control
dogs (n = 30) had a ratio of cranial translation of 0 versus
only 1 dog in the potentially unstable group. A CTR

≥0.18 classified the patient as potentially unstable with a
sensitivity of 90.48% and a specificity of 78.08%
(AUC = 0.9054). Assessment of the atlantoaxial joint in
potentially unstable patients using qualitative parameters
also helps in the differentiation between these 2 groups.
Medullary kinking was noted in every potentially

TABLE 2 Results of the ROC analysis for the 6 measurements considered for the diagnosis of atlantoaxial instability (differentiation

between control group and AAI group)

Measurements Head Position Cutoff value Sensitivity (%) Specificity (%) PPV AUC

VCI Ext. ≥0.16 100 94.54 0.8889 0.9974

Flex. ≥0.20 100 96.67 0.9583 0.9986

Atlantoaxial distance Ext. ≥4.1 81.25 69.86 0.5417 0.8179

Flex. ≥4.3 95.65 76.67 0.7586 0.9681

C1-C2 Overlap Ext. ≤2.7 84.38 80.82 0.6585 0.9110

Flex. ≤1.8 95.65 90 0.88 0.9833

C1-C2 Angle Ext. ≥176.9 90.63 82.19 0.6905 0.9456

Flex. ≥187.4 95.65 96.57 0.9565 0.9565

Basion-Dens Interval Ext. ≥5.9 75 73.97 0.5581 0.8399

Flex. ≥3.0 95.65 96.67 0.9565 0.9957

DALR Ext. ≤0.24 21.88 100 1.0 0.6607

Flex. ≤0.29 21.74 100 1.0 0.7130

Abbreviations: AUC, area under the curve; DALR, dens-to-axis length ratio; PPV, positive predictive value; VCI, ventral compression index.

FIGURE 5 Box plot of the ventral compression index (VCI). The asterisk (*) over a brace indicates that both groups are significantly

different. For every comparison done, P was .000001

6 PLANCHAMP ET AL.



unstable patient. Dorsal contact between the dens axis
and the spinal cord evaluated according to the loss of
continuity of the cerebrospinal fluid dorsal to the dens
was present in 53% of the potentially unstable patient
(missing data in 3 dogs, for which only CT was available)
and in none of the control dogs that were assessed with
MRI. A step formation between the base of the dens axis
and the caudal border of the atlas ventral arch (Figure 3)
and cervical syringomyelia were also often seen in poten-
tially unstable patients (Figure 4).

Several measurements differed between control and
AAI groups but were not suitable for diagnostic purposes.
The clivus canal angle was found to be smaller in AAI
affected dogs in extension (mean 167.2 vs. 174.1 in AAI
nonaffected dogs, P = .006), but was not significantly dif-
ferent (P = .07) in flexion between both groups, limiting

its use for the diagnosis of AAI. The power ratio was
higher in AAI-affected dogs (mean 0.9 vs. 0.82 in AAI-non-
affected dogs in extension, P = .026, and 0.87 vs. 0.56 in
AAI nonaffected dogs in flexion, P = .000001). However
the sensitivity and specificity were lower than other param-
eters selected for the diagnosis of AAI (cutoff ≥0.85 in
extension, sensitivity 62.5%, specificity 60.27%, AUC 0.6370
and cutoff ≥0.64 in flexion, sensitivity 91.3%, specificity
89.66%, AUC 0.9445). Furthermore, the opisthion-C1 ven-
tral arch interval mainly influences the ratio and is strongly
dependent on the degree of occipital dysplasia. A detailed
table with the descriptive statistics for all measurements is
presented in the supplementary materials section.

4 | DISCUSSION

We investigated the craniocervical junction of AAI-affected
and control dogs with the aim of determining diagnostic
imaging cutoff values to promote an objective diagnosis
of atlantoaxial instability in small-breed dogs. Statistical
analysis allowed the determination of cutoff values for
6 measurements used to diagnose AAI, namely the ventral
compression index (VCI), C1-C2 overlap, C1-C2 angle,
atlantoaxial distance, basion-dens interval, and dens-to-axis
length ratio (DALR). The most reliable measurement was
the VCI defined as the ratio between the ventral and dorsal
atlantodental interval, which quantify the degree of dorsal
displacement of the dens axis in relation to the atlas. In
human medicine, the atlantodental interval anterior to the
dens axis, corresponding to the ventral atlantodental inter-
val in dogs, is commonly used in the diagnosis of anterior
atlantoaxial dislocations.14,15 Due to the anatomical consis-
tency in humans, only the anterior atlantodental interval
could be measured for the diagnosis.14,16 The ventral
atlantodental interval (VADI) was shown to be significantly
different between breeds and positively associated with the
weight, the VCI is used in veterinary medicine as a relative
measurement to overcome differences in patient size.9 We
found that a VCI ≥0.16 in extension and ≥ 0.2 in flexion

TABLE 3 Results of the ROC

analysis for the differentiation between

potentially unstable and AAI group

Measurements Cutoff value Sensitivity Specificity PPV AUC

VCI ≥0.23 93.75 94.44 0.9677 0.9688

Atlantoaxial distance ≥4.5 65.63 66.67 0.7778 0.7248

C1-C2 Overlap ≤1.8 68.75 66.67 0.7857 0.7743

C1-C2 Angle ≥179.7 84.38 77.78 0.8710 0.8490

Basion-Dens Interval ≥6.5 71.88 83.33 0.8846 0.7986

DALR ≤0.35 48.88 100 1.0 0.7309

Abbreviations: AUC, area under the curve; DALR, dens-to-axis length ratio; PPV, positive predictive value;
VCI, ventral compression index.

FIGURE 6 Box plot of the cranial translation ratio (CTR). The

asterisk (*) over the brace indicates that both groups are different

(P = .000001)
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could be diagnostic for AAI in small-breed dogs (sensitivity
100% and 100%, specificity 94.54% and 96.67%, respectively).
Although it has not been investigated in the present study,
intraobserver reproductibility and interobserver agreement
have been reported to be good for the anterior and posterior
atlantodental interval on plain radiographs and on CT in
human medicine.17,18 Furthermore, the VCI was neither
dependent on the breed, sex, or weight, although, it was
found to be larger in females than in males in a previous
study9 (P = .035), but this point was not supported by the
present study, where no difference was found (median 0.13
for both sexes). The previous result could be explained as
most likely being due to a selection bias secondary to the
small number of cases (n = 28).

Moreover, it was also shown that the VCI did not
depend on the head position in control dogs as long as
the head is not placed in maximal flexion.9 A VCI ≥0.2
in extension was associated with a sensitivity of 96.88%
and a specificity of 98.63% and could also have been
suggested as cutoff value. To use single cutoff value for
both head positions is a simplification of the procedure,
resulting in the possibility of using a single measure-
ment and 1 cutoff value independently of the head posi-
tion to determine AAI; however, this would be at the
price of lower sensitivity. The decision to select 0.16 as
cutoff value for the VCI in extended head position was
taken to focus on the accurate identification of cases,
because a missed diagnosis could lead to severe con-
sequences for the patient. The repercussions for animals
wrongly diagnosed positive due to a slightly lower speci-
ficity have a lesser impact because decision making for a
surgical intervention should be based primarily on the
severity of clinical signs and not only on diagnostic
imaging findings. Cummings et al. already reported a
higher VCI measured on a neutral lateral radiographic
projection of the atlantoaxial joint in AAI affected
toy breed dogs in comparison with control dogs
(P = .0001).7 A cutoff value of ≥0.348 was 80% sensitive
and 94.5% specific for AAI. The ventral and dorsal
atlantodental interval were measured perpendicular to
the longitudinal axis of the dens, leading to a total dis-
tance between the ventral and the dorsal arch of the
atlas dependent on the dorsal angulation of the axis and
consequently the degree of AAI. An adaptation of the
measurement technique was proposed in a previous
study.9 It is suggested that the total distance is measured
between the midpoints of the ventral and dorsal atlas
arches, respectively, and therefore is not influenced by
the angulation of the axis in relation to the atlas. Apply-
ing this modification, the VCI is correlated to the posi-
tion of the dens only. The difference in the measuring
method of the VCI does not allow a direct comparison

between our results and the results of Cummings et al.
and could have contributed to the lower sensitivity
obtained in that study.

The sensitivity and specificity for the cutoff values of
the atlantoaxial distance, C1-C2 overlap, C1-C2 angle,
and basion-dens interval were lower than those for the
VCI in both head positions. Although a combination of
the measurements could not statistically increase the
accuracy of the model for the diagnosis of AAI compared
with the results from the VCI as a single measurement,
determining the VCI might be sufficient to diagnose AAI
in small-breed dogs. If the diagnosis remains unclear, we
recommend repeating the examination in a slightly flexed
head position, which is considered to be closer to dogs'
physiologic position in an awake state and could lead to
dorsal angulation of the axis in cases with dynamic
AAI.19,20 A recent study by White et al. reports that a mild
degree of cervical flexion could favor the diagnosis of AAI
in dogs, which further supports this recommendation.21 A
hyperflexion of the head is, however, contraindicated due
to the risk of exacerbating focal pressure of the dens axis
on the spinal cord in cases of AAI. Indeed, the ventral
atlantodental interval as well as the VCI were shown to be
higher in maximal flexion compared to slight flexion and
extension in control dogs (P = .00001).9 In the same study,
White et al. also fixed a cutoff value of >10� for the atlas
to axis angle (AAA) when the head was placed in slight
flexion,21 corresponding to >190� for the C1-C2 angle in
our study. The reported sensitivity and specificity were
90%, and 92% when this cutoff was evaluated in Yorkshire
terriers, Chihuahuas or mixes of these breeds only. We
defined a cutoff value of >187.4� for the C1-C2 angle in
flexion (sensitivity 95.65%, specificity 96.57%), which is a
very similar finding.

A C1-C2 overlap ≤2.7 mm in extension and ≤1.8 mm
in flexion were found to be diagnostic for AAI (sensitivity
84.38% and 95.65%, specificity 80.82% and 90%, respec-
tively). In a recent study, the C1-C2 overlap was shown
to be significantly different between breeds, but this dif-
ference was not related to the individual's weight
difference,9 meaning that a cutoff value for each breed
may be necessary to achieve a better sensitivity. However,
a strong suspicion of AAI could be assumed, if the C1-C2
overlap is negative. In the present study, a negative
C1-C2 overlap was identified in 37.5% of AAI-affected
dogs (12 of 32 dogs) in extension and in 82.6% (19 of
23 dogs) in flexion. In extension, only 1 negative C1-C2
overlap of �2.9 mm was measured in a Yorkshire terrier
in the control group (VCI 0.13), but none of the measure-
ments were negative in control dogs when the head was
placed in flexion. The same result was reported, with an
even higher incidence, by Cummings et al., who found
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that a negative measurement predominated in 80% of the
examined AAI-affected dogs when the head was placed in
extension. In the same study, a C1-C2 overlap ≤1.55 mm
was shown to be the most sensitive (100%) and specific
(94.5%) radiographic measurement in the diagnosis of
atlantoaxial instability on neutral lateral radiographs.7

Twenty-one dogs were assigned to the potentially
unstable group due to the abnormal conformation of
their atlantoaxial joint, which consisted of a subjective
cranial translation of the dens axis in the absence of dor-
sal angulation or subluxation. Medullary kinking, loss of
continuity of the cerebrospinal fluid dorsal to the dens
due to its contact with the cervical spinal cord, and syrin-
gomyelia were often associated imaging findings in the
potentially unstable group. For this reason, we consider
the cranial translation of the dens axis as a possible early
stage of instability, although its clinical significance has
not been clearly determined yet. Follow-up studies of
these patients and experimental studies aiming at surgi-
cally producing cranial translation of the dens by partial
transsection of atlantoaxial ligaments may help to under-
stand the significance of this observation. We hypothesize
that the degree of cranial translation could be correlated
with possible instability and propose a ratio to quantify
the severity of the cranial translation. We found that a
cranial translation ratio (CTR) ≥0.18 classified the
patient as potentially unstable with a sensitivity of
90.48% and a specificity of 78.08%. The need to treat these
patients depends on the severity of the clinical signs and
on the published recommendations.1,2 For the distinction
between the potentially unstable and AAI groups the
same measurements, that we found to be useful to differ-
entiate between controls and AAI-affected dogs, may be
used applying different cutoff values. The VCI was again
the most reliable measurement allowing differentiation
between both groups. A VCI ≥0.23 was associated with a
sensitivity of 93.75% and a specificity of 94.44%. The other
measurements had a much lower sensitivity than for the
differentiation between control and AAI-affected dogs.
This could be related to the higher variation in the posi-
tion of the axis due to potential instability.

Dens axis hypoplasia or aplasia is a well described
aspect of the pathophysiology of AAI in dogs.1 Taka-
hashi et al. reported a lower dens-to-axis length ratio
(DALR) in AAI-affected dogs (mean 0.36) than in con-
trol dogs (mean 0.40, P = .001).13 This finding has been
confirmed by the present study. The mean DALR was
0.34 for the AAI group and 0.39 for the control group in
both head positions. The dens length was shorter in the
AAI group than the control group (P = .00001), and the
axis length was shorter in the AAI group than the con-
trol group (P = .00001). We found that patients with a
markedly lower DALR are more susceptible to be

affected by AAI. Furthermore, a DALR ≤0.24 was asso-
ciated with a 100% specificity, but a sensitivity of only
21.88%. A DALR ≤0.35 was found to be 100% specific in
the differentiation between the potentially unstable and
AAI-affected groups, but the specificity dropped when this
cutoff value was used in the differentiation between AAI-
affected dogs and controls. For this reason, we recommend
using the first cutoff value, DALR ≤0.24, as a diagnostic
tool. In our sample, control dogs were often positioned
with the head in hyperextension (negative angle of head
position). As small-breed dogs are commonly affected by
occipital dysplasia, such a position is discouraged to avoid
an atlantooccipital overlapping, which may lead to com-
pression of the cerebellum by the atlas dorsal arch
(Figure 2).9

The main limitations of the present study include the
retrospective nature of the case selection and the lack
of standardization of the imaging procedure and dog
positioning. The distinction between the 2 head positions
partially overcomes this. The cutoff values for the mea-
surements examined have been determined based on a
static CT and/or MRI study. In some cases, the use of
the cutoff values mentioned above may not lead to a con-
clusive diagnosis and these dogs may need to be assessed
by dynamic study. Further investigation is needed to
establish an appropriate protocol for this purpose. The
use of a mix of live dogs and cadavers for the control pop-
ulation may also be regarded as a limitation, although an
influence on the range of motion of the CVJ appears
unlikely as rigor mortis had already dissolved. The inclu-
sion of cadavers could be justified by the difficulty in cre-
ating a size-matched control population, especially for
AAI-affected dogs examined with the head in flexion.
The power of the statistical analysis was also enhanced
by the recruitment of cadavers (n = 28 in each head
position).

In conclusion, the use of cutoff values for measure-
ments in cross-sectional imaging techniques allows an
objective diagnosis of AAI in small-breed dogs. A ventral
compression index (VCI) ≥ 0.16 in extension and ≥0.2 in
flexion was diagnostic for AAI (sensitivity 100% and
100%, specificity 94.54% and 96.67%, respectively). In the
case of cranial translation of the dens axis without dorsal
angulation or subluxation, subjective criteria like medul-
lary kinking or cervical syringomyelia, as well as the use
of the cranial translation ratio (CTR), help to quantify
the degree of cranial translation as a possible early stage
of atlantoaxial instability. A CTR ≥0.18 classifies the
patient as potentially unstable with a sensitivity of
90.48% and a specificity of 78.08%. Decision making for
surgical intervention however should remain based on
the severity of clinical signs for both conditions and on
published surgical recommendations.
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