
Abstract. Background/Aim: Atlantoaxial subluxation (AAS) is
a congenital or traumatic condition that often requires surgical
stabilization. Surgery is performed via a ventral or dorsal
approach. A ventral approach is challenging in toy breed dogs
due to their small-sized bones. Reducing AAS by orthopedic wire
via a dorsal approach can cause iatrogenic spinal cord damage.
Due to these limitations, a Kishigami atlantoaxial tension band
(Kishigami AATB) that remains in the epidural space has been
devised. Similar to the Kishigami AATB, the present study
developed a modified dorsal wiring method and evaluated it in
toy breed dogs with AAS. Materials and Methods: Medical data
of toy breed dogs with AAS that underwent surgical stabilization
using the modified dorsal wiring method from 2017 to 2020 were
retrospectively reviewed. Results: A total of 10 dogs were
analyzed. Regarding the history of these dogs, six dogs had
congenital AAS, and the remaining four dogs had traumatic
AAS. Evaluation via computed tomography was available for
five dogs, of which two dogs were identified as having
incomplete ossification of their atlas. Although four dogs
required a revision surgery because of recurrence of clinical
signs or fracture of the atlas, final functional improvement was
achieved in nine dogs. One dog showed worsened neurological
status that led to death. Conclusion: Clinical results with the
modified dorsal wiring method were similar to those with the
Kishigami AATB. The modified dorsal wiring method is versatile
as it could be applied to various shapes of dogs’ atlas.

Considering the shape of the atlas, it is recommended to apply
the implant as far from the midline of the dorsal arch as possible
to avoid fractures. With selection of suitable patients, this
modified dorsal wiring method can be applied to dorsal
stabilization of AAS in toy breed dogs.

Atlantoaxial subluxation (AAS) is a well-recognized disease
first reported in veterinary medicine in 1967 (1). The
condition of instability in the atlantoaxial joint generally
occurs congenitally in young toy breed dogs (2, 3). During
the development period, structural anomalies of the bones or
ligaments within the atlantoaxial joint might cause congenital
AAS (1, 4-6). Traumatic AAS has also been reported (7).
Congenital or traumatic instability between the atlas and axis
can cause neck pain and neurological dysfunction in dogs.
Management of the AAS includes conservative treatment and
surgery. A conservative treatment is performed by applying
strict cage rest with a support collar (8). Dogs with severe
neurological dysfunction often require surgery rather than
conservative management. Surgical stabilization can be
divided into dorsal or ventral fixation of the atlantoaxial joint
(9). A previous study has documented that ventral fixation is
safer than dorsal fixation as dorsal fixation has a higher risk
of inducing respiratory or cardiac arrest when the implant
crosses the atlas (9). However, ventral fixation is also
challenging in toy breed dogs due to their small-sized bones
(10). To reduce the risk of damaging the spinal cord, the
Kishigami atlantoaxial tension band (Kishigami AATB) was
described by Kishigami in 1984 (11). This implant does not
cross the atlas. It remains in the epidural space. A recent
study has evaluated the effectiveness and safety of
commercially available Kishigami AATB and found that it is
an attractive surgical method for toy breed dog with AAS
(10). Similar to the Kishigami AATB method with which the
implant does not cross the atlas, the present study devised a
modified dorsal wiring method. As the shape of atlas varies
between breeds (12), the implant of the modified dorsal
wiring method can be easily made with a Kirschner wire
according to individual dog’s shape of the atlas. The present
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study evaluated this method for dorsal stabilization of the
AAS in toy breed dogs. The purpose of this study was to
report the effectiveness, long-term clinical outcomes, and
related complications of the present wiring method.

Materials and Methods
Inclusion criteria. Medical records of dogs with AAS that underwent
dorsal stabilization by the modified dorsal wiring method in the
Veterinary Teaching Hospital from 2017 to 2020 were reviewed.
Medical data included dogs’ breed, age, sex, body weight, and
neurological status. The neurological status of each dog was graded
following a previous study (3): normal gait (grade 5), ataxia or
spasticity (grade 4), ambulatory paresis (grade 3), non-ambulatory
paresis (grade 2), and tetraplegia (grade 1). Dogs that had pain from
the neck with normal gait were considered to have grade 4 neurological
status. AAS was diagnosed via radiography, computed tomography
(CT), and/or magnetic resonance imaging (Figure 1). Dogs with other
concurrent diseases that might affect their neurological status were
excluded. Incomplete ossification (IO) of the dorsal arch of the atlas
was defined according to previous studies (12-14).

Surgery. Surgical repair was performed by the same surgeon. Dogs
were pre-medicated with midazolam (0.2 mg/kg, IV). Anesthesia

was induced with propofol (6 mg/kg, IV) and maintained by
isoflurane. After anesthetic stabilization, dogs were positioned in
sternal recumbency. Perioperative pain management was performed
using ketamine (0.6 mg/kg/h, IV) combined with lidocaine (2
mg/kg/h, IV) and tramadol (5 mg/kg, IV). The atlantoaxial joint was
exposed via a dorsal approach. The device was made with a
Kirschner wire (0.8 or 1.0 mm in diameter) according to the shape
of the atlas of each dog before surgery. The implant was modified
during surgery if necessary. After careful retraction of the atlas, the
device was firstly applied in the dorsal arch of the atlas. To place
the device, a bone tunnel was made in the spinous process of the
axis. The device was then fixed in the bone tunnel of the axis using
a 2-0 FiberWire (Arthrex, Naples, FL, USA). Pre- and post-
operative radiographs were obtained for verifying anatomic
reduction of the AAS (Figure 2). Post-operative pain was managed
with a fentanyl transdermal patch (2 μg/kg/h) and/or meloxicam (0.1
mg/kg, SC, SID). A neck brace and cage rest were applied for at
least one week. After cage rest with neck brace for a week, dogs
were managed according to their neurological status.

Results
A total of 10 dogs (mean weight of 2.7 kg; mean age of 25
months; 6 males and 4 females) were reviewed in the present
study. These dogs consisted of Maltese (n=4), Yorkshire
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Figure 1. Computed tomography showing atlantoaxial subluxation (A) and magnetic resonance imaging (B and C) revealing compression of the
spinal cord (arrow).

Figure 2. Pre-operative radiograph of a dog with atlantoaxial subluxation (A) and radiograph taken at three years after the surgical stabilization
by the modified dorsal wiring method (B and C).



Terrier (n=2), Pomeranian (n=2), Bichon Frise (n=1), and
Mixed-breed (n=1). Three of these dogs showed clinical
symptoms of pain from the neck (neurological grade 4).
Others showed non-ambulatory or ambulatory tetra-paresis
(neurological grade 2 or 3). Regarding the history of these
dogs, four were diagnosed as traumatic AAS. Evaluation by
CT was available for five dogs. Among these five dogs, IO of
the atlas was identified in two dogs (Figure 3). After surgical
reduction of AAS, nine dogs showed improvement of their
neurological status. The average operation time was two
hours. The improvement of their post-operative neurological
status was generally observed within a month. The neck pain
of all three dogs was resolved. One dog with non-ambulatory
tetra-paresis had proprioceptive ataxia after surgery but
showed a gradual improvement over the follow-up period.
Other dogs regained their normal gait. During the follow-up
period, four of the 10 dogs required a revision surgery. One
dog showed recurrence of clinical signs. The same wiring
method was applied by tightening the gap between the atlas
and axis more than the previous surgery. Clinical signs of the

dog resolved after the revision surgery. The other three dogs
showed recurrence of clinical signs concurrent with fracture
of the dorsal arch of the atlas. A wider implant with the same
method was applied beyond the fracture site in these dogs.
Recovery of two dogs was uneventful. They regained their
normal gait. One dog developed dyspnea that led to death
(Table I). After surgical stabilization of the AAS, the follow-
up period of dogs ranged from 2 to 48 months (mean, 16
months). None of these dogs that underwent primary or
revision surgery required an additional surgical reduction.

Discussion

Surgical stabilization of AAS is made via a dorsal or ventral
approach (9). However, it is challenging to apply the ventral
approach in small-sized toy breed dogs (10). Thus, a previous
study has documented dorsal stabilization of AAS using 3-
metric nylon suture and recommended it for dogs weighing
under 1.5 kg (15). However, the mean weight of dogs in the
present study was 2.7 kg (range=1.1-4.2 kg). In addition to
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Table I. Summary data of ten toy breed dogs with atlantoaxial subluxation.

Dog               Breed                     Sex               Age         Weight           Cause                    Neurological status                               Complication
                                                                      (months)         (kg)
                                                                                                                                      Pre-operative      Post-operative                                

1           Yorkshire Terrier         Female                9              1.9            Traumatic                 3                           5                   Recurrence of clinical signs†
2           Yorkshire Terrier         Female              62              2.6           Congenital                2                           5                             Fracture of atlas†
3               Mixed-breed              Male                36              3.6            Traumatic                 2                           5                                           
4                   Maltese                 Female              12              3.7           Congenital                3                           5                             Fracture of atlas†
5                   Maltese                 Female              48              2.6           Congenital                3                           5                                           
6                Pomeranian               Male                27              4.2           Congenital                4                           5                                           
7                   Maltese                  Male                27              1.6           Congenital                4                           5                                           
8                   Maltese                  Male                10              1.1           Congenital                3                         N/A                    Fracture of atlas, death†
9                Pomeranian               Male                12              2.0            Traumatic                 2                           4                                           
10             Bichon Frise              Male                11              3.5            Traumatic                 4                           5                                           

N/A: Not applicable. †Dog that underwent a revision surgery.

Figure 3. Transverse (A) and sagittal (B) computed tomography images of a dog with incomplete ossification of its atlas.



difficulty in performing ventral fixation, it was determined that
several dogs might require more strength than nylon suture for
reduction of AAS. From this point of view, the modified
dorsal wiring method was applied in these cases. Clinical
results of the present study were similar to those of other
surgical methods via a dorsal approach (10, 15). Dorsal
stabilization of AAS by using another type of band implant
(commercially used Kishigami AATB) has been previously
described (10). It might be more effective than the present
wiring method. Another study has also revealed that a band
implant applied to the atlas is more effective than a wire
implant in force distribution (16). Despite the above facts, the
modified dorsal wiring method has the advantage of being
cost-efficient as a Kirschner wire is used to make the implant.
In addition, the present method is relatively versatile since the
implant can be made according to the individual bone of each
dog and can be easily modified during surgery. Regardless of
the type of implant applied, it is important to determine
whether the dog is suitable for applying a metal implant to the
bone through radiography or other advanced imaging
techniques (17). Although most dogs in this study regained
their normal gait, four dogs required revision surgery and three
of them had fractured dorsal arch of atlas. Dogs with AAS
may be associated with IO of their atlas (12), implying that
such dogs are vulnerable to fracture. According to previous
criteria for classifying the IO of atlas (12, 13), 2 of 3 dogs that
developed fracture of the dorsal arch in the present study were
classified as having IO of their atlas. Taken together, pre-
operative evaluation of anomalies in the atlantoaxial joint,
such as IO is critical in dogs with AAS when planning surgical
stabilization of AAS using metal implants. When performing
revision surgeries for dogs with fracture of their atlas, the
same method was applied by using a wider implant to avoid
ossification center of the dorsal arch and fractured site.
Although the two dogs revealed IO in the central region of
dorsal arch of the atlas in pre-operative evaluation, additional
fracture was not identified after the revision surgery. One dog
was not identified as having IO of its atlas. However, it
developed perioperative respiratory arrest followed by
circulatory failure and death. A previous study has analyzed
the force applied to the atlas by finite element models and
documented that a narrow implant close to the midline of the
dorsal arch is more vulnerable to fractures than a wide implant
applied far from the midline of the dorsal arch (16). In
addition to anatomical characteristics that the IO of the atlas
generally occurs in the midline of the dorsal arch (12, 14), it
is recommended to apply the implant far from the midline of
the dorsal arch during dorsal stabilization of AAS. Although
the present study has a limitation due to its small number of
dogs, surgical reduction of AAS by the modified dorsal wiring
method might be a more attractive way than ventral fixation
when applying the implant to toy breeds with small-sized
bones. Like the Kishigami AATB (10), the modified dorsal

wiring method is relatively safer than other methods via a
dorsal approach as the implant does not cross the atlas. In
conclusion, the results of the present study suggest that the
modified dorsal wiring method can be considered for surgical
stabilization of AAS in toy breed dogs. The implant with the
present method has the advantage of being cost-efficient and
versatile in modification according to the shape of the atlas.
Selection of suitable patients through pre-operative
radiographic evaluation and application of the implant
avoiding areas vulnerable to fractures are important when
considering this method.
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