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The atlantoaxial (AA) band continuously com-
presses the subarachnoid space and spinal cord 

dorsally at the AA junction, possibly inducing neuro-
logic signs such as neck pain and cervical myelopa-
thy.1–3 Recent studies1–5 on improved MRI technology 
have actively reported its presence and surgical pro-
cedures. The band can be diagnosed by applying 
MRI, particularly in the T2-weighted sagittal view. In 
dogs, dense collagenous connective tissue forma-
tion and participation of reactive fibroblasts cause 
these bands to develop from the ligamentum flavum 
(LF).2,4,5 However, in human medicine, the growth 
of fibrous tissue, calcification, or ossification, alone 
or in combination, in patients with Chiari type 1 
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malformation causes the AA band to affect the outer 
layer of the dura mater (DM).6

Although the cause of AA bands is unknown, 
instability is considered a contributing factor 
because of the craniocervical joint deformities that 
are frequently associated with this disorder.1–3,7–9 
Anomaly or degeneration of the osseous structure 
and the joint’s ligaments may cause altered AA joint 
stability, leading to the AA band.7,10–13 Consequently, 
due to the high incidence of AA instability (AAI) 
in these breeds, young toy and small-breed dogs 
may be more frequently impacted by an AA band.10 
Notably, the correlation between the development 
of AA bands and Chiari-like malformation (CLM) is 

OBJECTIVES
To describe a novel transforaminal approach for surgical excision of the atlantoaxial (AA) band and examine its 
feasibility, safety, and mechanical advantages in an ex vivo study and clinical cases.

SAMPLES
26 canine cadavers and 2 canine patients with AA bands.

PROCEDURES
The transforaminal approach via the first intervertebral foramen was designed to avoid damaging the dorsal AA 
ligament (DAAL) and dorsal laminas to maintain joint stability. The cadaveric study started on December 2020 
and lasted 3 months. The ligamentum flavum (LF) was removed using a novel approach; then, gross examination 
was conducted to verify the potential damage to the spinal cord and associated structures and the adequacy of 
LF removal. Subsequently, the ex vivo tension test of the DAAL was conducted to establish whether the approach 
induced mechanical damage to the ligaments. Finally, 2 dogs diagnosed with an AA band were surgically treated 
with the transforaminal approach.

RESULTS
In the cadaveric study, postsurgical evaluation verified the subtotal removal of LF without damage to the dura mater. 
There were no significant differences in the mechanical properties of the DAAL, including the ultimate strength 
(P = .645) and displacement (P = .855), between the surgical and intact groups during the ex vivo tension test. In 
clinical cases, clinical signs and neurologic grades improved until the final follow-up.

CLINICAL RELEVANCE
The described surgical procedure using a transforaminal approach appears to sufficiently permit the removal 
of an AA band while reducing damage to the DAAL and spinal cord. Our study highlights the feasibility of the 
transforaminal approach.
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typical in both human and veterinary medicine.2,6,7,14 
However, the frequency of reports of CLM in canine 
breeds other than well-known susceptible breeds 
like Cavalier King Charles Spaniels and Brussels 
Griffon, such as Chihuahuas, Maltese, Pugs, Yorkshire 
Terriers, Pomeranians, Miniature Poodles, and 
Norwich Terriers, is increasing.1,14–16 Additionally, 
these bands have been reported in 42.2% to 83.8% 
and 38% to 72.7% of Cavalier King Charles Spaniels 
and toy and small-breed dogs, respectively, with 
suspected CLM.1–3,17

Furthermore, the presence of an AA band may 
cause clinical signs of neuropathic pain, which include 
neck pain, cervical hyperesthesia, generalized dys-
esthesia, cervical myelopathy, proprioceptive ataxia, 
and tetraparesis.2,4,18 Notably, decompressing the 
AA junction by excision of the AA band, which may 
alleviate clinical signs, is presently undergoing active 
investigation.3,5,9,19,20 Fingeroth et al21 first suggested 
a surgical approach to the dorsal AA junction. The 
approach was performed by laminotomy and eleva-
tion of the cranial two-thirds of the spinous process 
of C2. The transosseous wire method was used for 
the closure, which also involved fixing the osteoto-
mized spinous process.21 Moreover, a decompression 
technique applying partial laminectomy of the caudal 
atlas and cranial axis was reported by Skytte et al.5 
Lee et al4 also reported a similar technique for remov-
ing the cranial one-third of the C2 spinous process 
and dorsal atlantoaxial ligament (DAAL).

However, the previously described approaches 
may enhance instability due to the ablation of the 
ligaments, which may necessitate stabilization by 
augmentation.4,22,23 Therefore, we recommend a 
novel transforaminal approach for removing the 
AA band, which may lessen postsurgical instability. 
Additionally, the technique was designed through 
the first intervertebral foramen to achieve AA band 
exposure with a minimum level of damage to the 
DAAL and vertebral lamina. The study was cat-
egorized into 2 parts as follows: (1) to assess the 
feasibility and safety of the new approach on cadav-
ers; and (2) to determine the possible mechanical 
advantages of this procedure by performing a sim-
ple biomechanical study. After the cadaveric study 
was completed, the novel approach was applied to 
2 clinically affected dogs. Finally, we proposed that 
the transforaminal approach would permit adequate 
and safe elimination of the AA band while preserving 
the mechanical attributes of the DAAL without dam-
aging neural tissue.

Materials and Methods
The study was designed in 2 parts as follows: 

cadaveric and clinical parts. The study started on 
December 11, 2020, and ended on July 15, 2022. 
Cadavers of 26 client-owned toy or medium-sized 
breed dogs euthanized for reasons unrelated to 
this study were included in the cadaveric, ex vivo 
part of the study after receiving owner consent. 
The Chungnam National University Animal Care 
and Use Committee approved the study protocol. 

Additionally, 2 Pomeranians with AA bands were 
treated using the transforaminal approach in the 
clinical study. The procedure was explained to the 
owners, and their consent was obtained.

Ex vivo study
Specimens

The cadavers were stored at –20 °C and then 
thawed at room temperature (approx 22 °C) a day 
before the experiment. Laterolateral radiography of 
the neck in the neutral and ventroflexed positions 
was conducted to rule out AAI.10,24,25 Next, samples 
were excluded from the study if AA joint instability or 
rupture of the DAAL were identified. The specimens 
were randomly classified into the surgery and control 
groups using a computer program (Excel; Microsoft, 
Redmond, WA). Additionally, the LF removal using 
the new procedure was performed in 18 cadav-
ers. Eight cadavers used as the control group for 
mechanical testing were not surgically approached.

Furthermore, for biomechanical testing, the C1 
through C2 segment of the vertebral columns was 
harvested by transecting the atlantooccipital joint 
and the C2-3 intervertebral disk space after surgery 
and in dogs in the control group. The specimens were 
wrapped in gauze soaked with 0.9% saline (NaCl) 
solution, sealed in plastic bags, stored at –20 °C until 
a day before the mechanical test, and refrigerated at 
2 °C until testing the following day.

Ex vivo surgical procedure
The anatomic structures and landmarks 

used have been described in previous studies 
(Figure 1).12,13,26,27 The cadaver was placed in sternal 
recumbency with a straight alignment of the cervical 
vertebrae. The head and cranial cervical vertebrae 
were gently ventroflexed and raised using a vacuum 
cushion. Next, a middle dorsal incision was made 
from the external occipital protuberance to the cau-
dal aspect of the spinous process of C3. The epax-
ial muscles were raised bilaterally from the dorsal 
lamina of C1 and C2.4,21,28 Furthermore, precaution 
was taken to avoid damaging the Nuchal ligament 
in approaching and the DAAL when raising the 
muscle. The LF was cut using an arthroscopic punch 
(AR-30010; Arthrex) without magnification through 
the incision site. All procedures were performed by 
3 surgeons randomly (YHR, HBL, and YJJ).

Ex vivo evaluation
We searched for possible perforation of tears 

within the DM due to the risk of damage to neural tis-
sue, including the DM and spinal cord. Additionally, 
we assessed the rest of the LF postsurgery in the sec-
ond step to evaluate the amount of band resected. In 
a randomized design, a computer program (Excel; 
Microsoft Corp) was used to allocate specimens 
into different groups. Ten specimens from the sur-
gery group were selected to evaluate the LF excision 
and potential DM damage. Therefore, the cranial 
one-third of the C2 spinous process was detached 
for gross examination. A spinal hook probe and 
microforceps were applied to detect the presence of 
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iatrogenic durotomy and assess spinal cord damage 
and LF removal effectiveness (Figure 1). The speci-
mens were classified by only one investigator, who 
used a subjective grading system developed by one 
of the authors (YJJ). The grading system included 
LF removal grade and safety grade. Sufficiency of 
LF removal was classified into 4 grades: (1) > 90% 
removal was excellent; (2) between 70% and 90% 
was good; (3) between 50% and 70% was fair; and 
4) < 50% was poor. Safety grade was defined as the 
estimation of potential damage on DM and similarly 
classified into 4 grades: (1) clear DM was excellent; 
2) only perforation on DM was good; (3) tear < 1 cm 
was fair; and (4) tear > 1 cm was poor.

However, iatrogenic injury of the DAAL may 
adversely affect its biomechanical properties. 
Therefore, a tension test to assess the integrity of 

DAAL after ex vivo surgery was per-
formed to verify the existence of 
differences in mechanical proper-
ties between the surgery and intact 
groups. Eight specimens from the 18 
surgically approached cadavers were 
selected for the uniaxial tension test 
of the DAAL. All stabilizing structures, 
except the DAAL, were removed from 
the tested specimens. The cranial and 
caudal ends of C1 and C2 were fixed 
in a self-polymerizing acrylic resin 
(Vertex trayplast; Vertex-Dental) 
in stainless molds, respectively, to 
avoid the resin from applying to the 
DAAL and its bony attachment. The 
atlas was fixed on the upper jig, and 
the axis on the lower jig. (Figure 2). 
Subsequently, the molds were con-
nected to a universal material test 
machine (WL2100C; Withlab). The 
atlas-embedded portion was 
mounted onto the actuator and the 
load cell. The tension load was applied 
in a craniocaudal direction at a con-
stant speed of 1 mm/s until the liga-
ment ruptured.29 A load cell recorded 
the applied force, and a displacement 
sensor measured the linear displace-
ment values. A connected computer 
recorded the displacement until rup-
ture and ultimate strength.

Statistical analysis
A priori power analysis using sta-

tistical software (G*Power V3.1.9.4) 
was performed to estimate the 
number of cadavers required for 
the study. A sample size of 6 dogs 
was calculated based on: α = 0.05, 
power = 0.8, and estimated effect 
size (d = 1.4634567) when using the 
mean and SD variation of the ulti-
mate force of DAAL in a pilot study 
of 6 dogs. The final sample size was 
8 dogs, applying a 20% expected 

dropout. Data were analyzed using available soft-
ware (SPSS, version 26.0; IBM Corp). Additionally, 
the Shapiro-Wilk test was used to determine if con-
tinuous values followed a normal distribution. The 
Mann-Whitney U test was used to compare the ulti-
mate strength across the surgically approached and 
control groups. Furthermore, an independent t test 
was performed to evaluate the differences between 
the 2 groups regarding displacement. For the statis-
tical test, values of P < .05 were considered statisti-
cally significant.

Clinical cases
In this study, 2 dogs with AA bands were 

included with owner permission. The 2 dogs were 
both Pomeranians and included the following: dog 1, 
5 years old, castrated male, 3.5 kg; and dog 2, 5 years 

Figure 1—Schematic (A and B; based on a 3-D bone model of 5-year-old 
Pomeranian with chronic neck hyperesthesia [dog 1]) and cadaveric (C 
to E) images showing anatomic structures involved in a novel transfo-
raminal approach evaluated for surgical decompression of atlantoaxial 
(AA) band in dogs between December 11, 2020, and February 19, 2021. 
A—Craniolateral perspective of the atlas and axis. The dorsal AA liga-
ment (DAAL) runs between the cranial end of the axis spinous process 
and atlas dorsal lamina (highlighted blue). Dorsal atlantoaxial membrane 
covers the first intervertebral foramen (highlighted yellow). B—Cranial 
perspective of the atlas and axis. The ligamentum flavum (LF; highlighted 
green) is the origin of AA band and runs dorsally over the spinal cord. 
The AA band is located at the level of the first intervertebral foramen, 
ventral to axis spinous process, and dorsal to the spinal cord. C—Dorsal 
view during cadaveric surgery showing an arthroscopic punch grasper 
(arrow) being used to remove LF (arrowhead) through the intervertebral 
foramen between C1 and C2. D—Dorsolateral view during cadaveric sur-
gery showing the spinal cord exposed (asterisk) by incision of the dorsal 
atlantoaxial membrane ventral to the cranial spinous process of the axis. 
The dorsal atlantoaxial ligament is confirmed to be intact. E—Dorsal view 
after removal of AA band showing gross assessment by rubbing dura 
mater (asterisk) with a spinal hook probe (arrowhead) to exclude iatro-
genic durotomy. Cd = Caudal. Cr = Cranial. Lt = Left. Rt = Right.
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and 8 months old, intact female, 2.5 kg. Both dogs 
were referred for chronic neurologic signs as follows: 
dog 1 had chronic neck pain, intermittent hyperes-
thesia, phantom scratching, and lethargy; and dog 2 
had an acute onset of ambulatory tetraparesis with 
chronic presentations like phantom scratching, wide-
based stance, falling, and knuckling especially left 
forelimb. Furthermore, both dogs underwent neu-
rologic examination and were graded on a modified 
Frankel scale that ranged from grade 0 to 5; grade 0, 
normal gait without neck pain; grade 1, normal gait 
with neck pain; grade 2, proprioceptive ataxia; grade 
3, ambulatory tetraparesis; grade 4, nonambulatory 
tetraparesis; and grade 5, tetraplegia.30,31 Dog 1 was 
assigned grade 1 and dog 2 was assigned grade 4. 
Suspicion of an AA band with concurrent CLM and 
syringomyelia (SM) in both dogs was identified using 
MRI (Figure 3). Dorsal compressive lesion of the spi-
nal cord at AA junction, malformation of occiput, and 
syrinx caudal to the lesion were confirmed in MRI. 
Additionally, mild multifocal disk protrusions (< 20% 
from intervertebral disk spaces C3-4 through C6-7) 
were found in both dogs. Ventriculomegaly was 
identified in dog 2. The dorsal compression index 
that indicates the severity of dorsal compression by 
the AA band was estimated as described in a previ-
ous study.3 The measured values were 0.29 and 0.34 
in dogs 1 and 2, respectively.2, 4 There was no differ-
ence in compression between the left and right sides 
in dog 1. A relationship between the clinical signs and 
lateralization of the lesion (more severe compression 
on the left side and clinical signs more visible on the 
left forelimb) was discovered in dog 2. The ventral 
compression index (VCI) is defined as the value esti-
mated by dividing the ventral atlantodental interval 
by the dorsal atlantodental interval in the MRI images 

and can be used to diagnose AAI.32 Both dogs had a 
VCI of 0.26 when their necks were extended (dog 1, 
9.5°; dog 2, 18.9°), which was higher than the cut-
off value (VCI, 0.16) in neck extension.

Both dogs underwent foramen magnum decom-
pression (FMD) for CLM and AA band resection. 
Patient preparation and positioning were also con-
ducted regularly.28 First, FMD by craniectomy of 
the occiput and durotomy caudal to the cerebellum 
were performed to treat CLM.28 The transforaminal 
approach was employed in both dogs. A visualiza-
tion system was used to improve the visualization 
of the surgical field (Figure 4).33 Next, an incision 
on the dorsal AA membrane was made on the more 
compressed section. A 10-mm, 0° rigid laparoscope 
(autoclavable laparoscope; Stryker) was used and 
attached to a high-definition camera system (Stryker 
Endoscopy) when using the endoscopic system to 
magnify the surgical site. The scope was fixed using 
a mechanical endoscope holder (self-designed and 
crafted) to maintain its position. Additionally, the AA 
band was excised with a magnified surgical field using 
Castroviejo scissors, arthroscopic punch forceps, 
and microforceps. A thin layer of the fat autograft 
was positioned over the incision site of the dorsal AA 
membrane. Finally, a standard procedure for closure 
was performed. Clinical progress was assessed by 

Figure 2—Images of biomechanical test construct used 
in evaluating the mechanical properties of the dor-
sal atlantoaxial ligament during the cadaveric portion 
of the study described in Figure 1. A—Biomechanical 
test is performed using a self-drafted jig with self-
polymerizing acrylic resin for fixation of specimens. 
The atlas is fixed on the upper jig, and the axis is fixed 
on the bottom jig. The dorsal atlantoaxial ligament 
(arrow) is visible between the jigs. B—Overview of the 
setup showing the test being operated in a craniocaudal 
direction (arrow) by vertically pulling up the embedded 
specimen. Simultaneously, the connected computer 
records the load and displacement.

Figure 3—Sagittal (A) and transverse (B) T2-weighted 
and sagittal (C) and transverse (D) T1-weighted MRI 
images of the brain and cranial cervical spinal cord of 
a 5-year-old Pomeranian with a sudden-onset of ambu-
latory tetraparesis (dog 2) from the clinical portion of 
the study described in Figure 1. Notice the moderate 
ventriculomegaly (asterisk), mild herniation of cerebel-
lar vermis, flattened caudal margin of the cerebellum, 
and dorsal compression (arrow) of the spinal cord. A 
syrinx (arrowhead) caudal to the atlantoaxial band is 
present. A collapsed subarachnoid space (arrowhead) 
is confirmed. B and D—Images obtained at the level of 
the atlantoaxial junction.
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neurologic examination or phone calls during follow-
up (every month until the last follow-up).

Results
Ex vivo study

Six cadavers used in the pilot test were 2 
Pomeranians and 4 mixed-breed dogs, all female, with 
a median body weight of 4.5 kg. Overall, the 26 cadav-
ers comprised Cocker Spaniels (n = 7), Pomeranians 
(5), Maltese (4), mixed-breed dogs (4), Miniature 
Poodles (3), Japanese Spitz (2), and a Shih Tzu (1). 
There were 20 females and 6 males; the median body 
weight was 5.6 kg (range, 2.3 to 8.5 kg). On radio-
graphic examination of the necks, instability of the AA 
joint or rupture of the DAAL was not observed.

During gross examination, no perforation of 
the DM after surgery was detected. Although sub-
total excision of the LF in cadavers was confirmed, 
1 specimen had some fibrous tissues still attached 
to the dorsal surface of the DM. The specimen could 
be assessed as excellent since the remaining area of 
LF was under 10%. During the ex vivo tension test, 
a DAAL rupture occurred in the middle part of the 
ligament rather than on the origin and insertion part, 
and an avulsion fracture could not be observed. The 
median ultimate strengths of the DAAL did not differ 
significantly (P = .645) between the surgery group 
(145.1 N; range, 102.3 to 392.3 N; IQR, 107.0 to 
353.8 N; mean ± SD, 210.8 ± 124.8 N) and control 
group (153.7 N; range, 74.8 to 228.7 N; IQR, 109.9 
to 209.8 N; mean ± SD, 156.4 ± 55.5 N). The mean 
displacements did not differ significantly (P = .855) 
between the surgery group (9.7 ± 1.8 mm; median 
9.9 mm; range, 7.2 to 12.6 mm; IQR, 7.9 to 10.8 mm) 
and control group (9.9 ± 2.5 mm; median 9.2 mm; 
range, 6.7 to 15.3 mm; IQR, 9.2 to 10.8 mm).

Clinical cases
Decompression using the transforaminal 

approach and FMD were successfully performed in 

both patients. AA bands were confirmed as white 
fibrotic tissue located dorsally to DM (Figure 4). 
There were no adhesions with the DM in dog 1 
but some in dog 2. Moreover, major complications 
such as unintended durotomy, direct damage to 
the spinal cord, and major bleeding have not been 
reported intraoperatively. Hyperesthesia of the neck 
was reduced in dog 1 within the first month post-
operatively. In contrast, the nonambulatory patient 
(dog 2) returned to ambulation within a week after 
surgery. Furthermore, at the last follow-up, dog 1 
could ambulate normally without hyperesthesia of 
the neck and had no signs of lethargy (12 months 
after surgery), and dog 2 ambulated with mild ataxia 
but without knuckling or falling (7 months after sur-
gery). However, it was difficult to determine which 
surgical procedure, decompression or FMD, mainly 
affected the improvement of the clinical signs. Both 
owners rejected follow-up MRI for economic reasons.

Discussion
This study described a novel transforami-

nal approach for AA band excision and evaluated 
the feasibility and safety of this procedure in dog 
cadavers and clinical cases. Interestingly, the trans-
foraminal approach supported adequate and safe 
removal of the AA band, and no iatrogenic lesions 
in vital neural or vascular structures were observed. 
Biomechanically, this procedure did not significantly 
decrease the stability between C1 and C2. In clini-
cal cases, both patients reached functional recovery 
within 1 month postoperatively and sustained this 
status until the last follow-up.

The DAAL plays a role in stabilizing the AA joint 
and regulates head rotation and flexion to limit over-
rotation and -flexion.12 Deformation or tear of the 
DAAL has been observed in patients with AAI and 
traumatic AA subluxation.11,34,35 Therefore, sustain-
ing the stability of the AA joint after surgery could 
be crucial during surgical decompression of the AA 
band caused by the risk of potential luxation after 
DAAL removal.4,23 In a previously documented lami-
nectomy approach, the DAAL was ablated during 
the procedure, and an absorbable suture material 
was placed between the epaxial muscles for dorsal 
stabilization.4 Four of the 15 included cases needed 
revision surgery in this report, which supports the 
need for supplementary stabilization in such cases.22 
Therefore, the absorbable suture material possibly 
was not sufficiently strong to replace DAAL. In addi-
tion, postoperative scar adhesion after laminectomy 
has been reported to cause residual or new compres-
sion among exposed dural tissue or nerve roots in 
human medicine and postoperative relapse in vet-
erinary medicine.4,14,36,37 Notably, delayed union 
associated with the laminotomy flap has also been 
reported after laminotomy of the axis.20 Therefore, 
to maintain joint stability after surgery, we designed 
a transforaminal approach to prevent damage to the 
DAAL and dorsal laminas of the vertebrae and veri-
fied the design concept using an ex vivo test. We 
resected the LF without affecting the spinal cord in 

Figure 4—Image of a C1 through C2 vertebral column 
model with instrumentation (A) and an intraoperative 
endoscopic image (B) showing the visualization system 
used to improve the visualization of the surgical field 
for the transforaminal approach evaluated in the study 
described in Figure 1. A—The positioning of an endo-
scope (arrowhead) allows magnified visualization of the 
surgical site and arthroscopic punch forceps (arrow) 
used to excise the atlantoaxial band. B—The atlantoax-
ial band in dog 1 has thick white fibrotic tissue (asterisk) 
and is being excised with the use of arthroscopic punch 
forceps and Castroviejo scissors.
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this study, using an arthroscopic grasper. The ten-
sion test results between the surgical and intact 
groups showed that the ultimate strength (P = .645) 
and displacement (P = .855) of the technique did not 
affect the DAAL. Consequently, the transforaminal 
approach was believed to be a novel technique that 
could remove the AA band without damaging the 
DAAL or spinal cord.

The AA joint has a complex anatomy.26,27 It 
comprises the vertebral artery and vein that passes 
through the transverse foramen of the axis and the 
lateral vertebral foramen of the atlas, which is close 
to the neuroforamen. In addition, the second cervi-
cal nerve originates at the first intervertebral fora-
men.26,27 Although we could obtain safe LF removal 
without visible damage to the DM in a cadaveric 
study, other obstacles might still be encountered 
when applying this approach in clinical cases. An 
additional risk of iatrogenic injury to the spinal cord 
or of achieving an incomplete resection of the AA 
band when adopting the transforaminal approach 
exists due to the shallow surgical site. Although the 
results of the cadaveric study demonstrated the fea-
sibility and safety of the transforaminal approach in 
mid-sized dogs without magnification, considering 
that the AA band-predisposed breeds are primarily 
small-breed dogs and the anatomic circumstances, 
adopting a visualizing system such as an endoscope 
or surgical loupes might be helpful and almost com-
pulsory in clinical cases. Therefore, we recommend 
using an endoscopic system in clinical cases to mag-
nify the surgical site to ensure a safer surgery. In our 
cases using a laparoscope, no evidence of intraop-
erative damage to the vascular and neural tissues 
could be observed.

Furthermore, the presence of AA bands can be 
considerably linked with CLM in canines.2 Previous 
studies2,4,7,15 proposed that the synergetic effects of 
the AA band, CLM, and SM may induce neurologic 
signs. Theoretically, decompressing the AA junction 
with FMD in patients with an AA band, CLM, and SM 
could result in an improved outcome, compared to 
performing either AA band resection or FMD alone. 
Consequently, we established the coexistence of the 
AA band, CLM, and SM in both patients using MRI. 
Although the VCIs of the dogs were higher than the 
cut-off value (both VCIs, 0.26; cut-off value, 0.16), 
both patients were not diagnosed with a true AAI. 
Therefore, the transforaminal approach that could 
preserve DAAL and the stability of the AA joint 
without augmentation has been applied since a 
procedure that could increase instability should be 
avoided in patients with an AA band.1–3,7,8 In addi-
tion, the patients recovered to satisfactory function 
without complications until the final follow-up.

The present study has some limitations. First, 
cadavers were not assessed for the AA band using 
MRI. We could not sample the cadavers with the AA 
band owing to increased time consumption and the 
requirement of a large number of cadavers, which 
was related to ethical issues. If LF is normal without 
enlargement and adhesions, it simplifies the proce-
dure. Therefore, the excision of LF from cadaveric 

specimens could be different from that in a real 
patient. Second, the clinical interpretation of the 
clinical case was complex since the patients were 
diagnosed with the AA band and concurrent CLM. 
To the best of the authors’ knowledge, there was no 
research regarding identifying the clinical relation 
induced by the AA band resection and FMD. In con-
trast to AA band patients, CLM and SM, even in severe 
forms, rarely induce tetraparesis in canine patients.38 
Therefore, the improvement observed in dog 2, which 
was nonambulatory before surgery, was primarily 
believed to be the result of the AA band resection. 
On top of this, a relationship between clinical signs 
and lateralization of the band lesion was observed 
in dog 2. Further clinical studies including a greater 
number of patients will be needed in the future to 
assess the clinical relevance of AA band excision. 
Third, the observers in the clinical cases were not 
blinded; therefore, the risk of bias was not excluded. 
Finally, a follow-up MRI was not performed for eco-
nomic reasons, and we could not assess SM collapse 
and AA junction decompression. Consequently, 
additional follow-up is necessary to clarify these out-
comes. Recurrence of neurologic signs was reported 
in 25% to 50% of cases following FMD in patients with 
CLM.38 Therefore, follow-up with neurologic exami-
nation and MRI is believed to be useful when plan-
ning the treatment of these conditions.

The results of this ex vivo study and outcomes of 
clinical cases support the novel procedure for surgi-
cally managing the AA band in veterinary medicine. 
We verified that the new approach did not adversely 
affect the normal structures and the technique main-
tained normal anatomy providing safe and adequate 
AA band resection. Consequently, this new approach 
seems to present some advantages, compared to the 
existing procedures, to surgically treat AA band and 
opens the way for future clinical studies investigat-
ing this topic.

Acknowledgments
The authors declare that the research was conducted in 

the absence of any commercial or financial relationships that 
could be construed as a potential conflict of interest.

YJJ, HBL, and YHR co-conceived the study, performed 
surgical procedures, data collection, interpretation of the 
results, surgical procedures, and manuscript preparation. 
JMJ, FF, and YHR reviewed the article critically and revised 
the manuscript. YJJ, HBL, JMJ, and YHR were actively 
involved in managing the cases. FF and YHR supervised the 
clinical management of the case. All authors contributed to 
preparation and final approval of the manuscript.

References
 1. Cerda-Gonzalez S, Olby NJ, McCullough S, Pease AP, 

Broadstone R, Osborne JA. Morphology of the caudal fossa 
in Cavalier King Charles Spaniels. Vet Radiol Ultrasound. 
2009;50(1):37–46. doi:10.1111/j.1740-8261.2008.01487.x

 2. Cerda-Gonzalez S, Olby N, Griffith E. Dorsal compressive 
atlantoaxial bands and the craniocervical junction syn-
drome: association with clinical signs and syringomyelia 
in mature Cavalier King Charles Spaniels. J Vet Intern. 
2015;29(3):887–892. doi:10.1111/jvim.12604

Brought to you by Universität Bern, Universitätsbibliothek | Unauthenticated | Downloaded 10/28/22 01:01 PM UTC



AJVR 7

 3. Marino DJ, Loughin CA, Dewey CW, et al. Morphometric 
features of the craniocervical junction region in dogs 
with suspected Chiari-like malformation determined by 
combined use of magnetic resonance imaging and com-
puted tomography. Am J Vet Res. 2012;73(1):105–111. 
doi:10.2460/ajvr.73.1.105

 4. Lee JH, Yoon HY, Kim JH, Han HJ. Decompressive sur-
gery for treatment of a dorsal compressive atlantoaxial 
band causing nonambulatory tetraparesis in three toy-
breed dogs. J Am Vet Med Assoc. 2019;255(6):700–705. 
doi:10.2460/javma.255.6.700

 5. Skytte D, Schmökel H, Lang Y, Westrup U. Dura fibro-
sis and adhesions caused by an atlas malformation in 
two dogs. Dansk Veterinaertidsskrift. 2013;96(6):18–20.

 6. Nakamura N, Iwasaki Y, Hida K, Abe H, Fujioka Y, 
Nagashima K. Dural band pathology in syringomyelia with 
Chiari type I malformation. Neuropathology. 2000;20(1): 
38–43. doi:10.1046/j.1440-1789.2000.00281.x

 7. Dewey C, Marino D, Loughin C. Craniocervical junction 
abnormalities in dogs. N Z Vet J. 2013;61(4):202–211.  
doi:10.1080/00480169.2013.773851

 8. Cerda-Gonzalez S, Dewey CW, Scrivani PV, Kline KL. 
Imaging features of atlanto-occipital overlapping in 
dogs. Vet Radiol Ultrasound. 2009;50(3):264–268. 
doi:10.1111/j.1740-8261.2009.01531.x

 9. Takahashi F, Hakozaki T, Kouno S, et al. Atlantooccipital 
overlapping and its effect on outcomes after ventral fixa-
tion in dogs with atlantoaxial instability. J Vet Med Sci. 
2018;80(3):526–531. doi:10.1292/jvms.17-0438

 10. Slanina MC. Atlantoaxial instability. Vet Clin Small Anim 
Pract. 2016;46(2):265–275. doi:10.1016/j.cvsm.2015. 
10.005

 11. Forterre F, Precht C, Riedinger B, Bürki A. Biomechanical 
properties of the atlantoaxial joint with naturally-
occurring instability in a toy breed dog. Vet Comp 
Orthop Traumatol. 2015;28(5):355–358. doi:10.3415/
VCOT-15-01-0005

 12. Planchamp B, Bluteau J, Stoffel MH, Precht C, 
Schmidli F, Forterre F. Morphometric and functional study 
of the canine atlantoaxial joint. Res Vet Sci. 2020;128: 
76–85. doi:10.1016/j.rvsc.2019.11.005

 13. Reber K, Bürki A, Vizcaino Reves N, et al. Biomechanical 
evaluation of the stabilizing function of the atlan-
toaxial ligaments under shear loading: a canine 
cadaveric study. Vet Surg. 2013;42(8):918–923. 
doi:10.1111/j.1532-950X.2013.12064.x

 14. Dewey CW, Berg JM, Barone G, Marino DJ, 
Stefanacci JD. Foramen magnum decompression for 
treatment of caudal occipital malformation syndrome 
in dogs. J Am Vet Med. Assoc. 2005;227(8):1270–1275. 
doi:10.2460/javma.2005.227.1270

 15. Kiviranta AM, Rusbridge C, Laitinen-Vapaavuori O, et al. 
Syringomyelia and craniocervical junction abnormalities 
in Chihuahuas. J Vet Intern Med. 2017;31(6):1771–1781.

 16. Rusbridge C, Knowler SP, Pieterse L, 
McFadyen AK. Chiari-like malformation in the Griffon 
Bruxellois. J Small Anim Pract. 2009;50(8):386–393. 
doi:10.1111/j.1748-5827.2009.00744.x

 17. Kim Y, Lee S, Jung J, et al. Atlantoaxial bands in small 
breed dogs: influence of external pressure by the endo-
tracheal tube tie. J Small Anim Pract. 2020;61(3): 
163–169. doi:10.1111/jsap.13094

 18. de Lahunta A, Glass E. Chapter 10: small animal spinal 
cord disease. In: de Lahunta A, Glass E, eds. Veterinary 
Neuroanatomy and Clinical Neurology. 3rd ed. W.B. 
Saunders; 2009:243–284.

 19. Dewey CW, Marino DJ, Bailey KS, et al. Foramen magnum 
decompression with cranioplasty for treatment of cau-
dal occipital malformation syndrome in dogs. Vet Surg. 
2007;36(5):406–415. doi:10.1111/j.1532-950X.2007.00286.x

 20. Barker DA, Palus V, Eminaga S, Cherubini GB. Axis dorsal 
laminotomy in dogs: a retrospective analysis of 10 cases. 
Vet Record Case Rep. 2018;6(4):e000574. doi:10.1136/
vetreccr-2017-000574  

 21. Fingeroth JM, Smeak DD. Laminotomy of the axis for 
surgical access to the cervical spinal cord a case report. 
Vet Surg. 1989;18(2):123–129. doi:10.1111/j.1532-
950X.1989.tb01054.x

 22. Sánchez-Masian D, Luján-Feliu-Pascual A, Font C, 
Mascort J. Dorsal stabilization of atlantoaxial subluxation 
using non-absorbable sutures in toy breed dogs. Vet 
Comp Orthop Traumatol. 2014;27(1):62–67. doi:10.3415/
VCOT-13-01-0009

 23. Fingeroth JM. Dorsal Cervical Decompression 
(Laminectomy/Hemilaminectomy and Laminotomy). 
Wiley Blackwell; 2017.

 24. White DA, Renberg WC, Roush JK, Hallman MR, 
Mauler DA, Milliken GA. Flexed radiographic angles for 
determination of atlantoaxial instability in dogs. Vet Surg. 
2019;48(8):1406–1415. doi:10.1111/vsu.13323

 25. Cummings KR, Vilaplana Grosso F, Moore GE, Rochat M, 
Thomovsky SA, Bentley RT. Objective measurements of 
the atlantoaxial joint on radiographs performed with-
out flexion can increase the confidence of diagnosis 
of atlantoaxial instability in toy breed dogs. Vet Radiol 
Ultrasound. 2018;59(6):667–676.

 26. Evans HE, De Lahunta A. Miller’s Anatomy of the 
Dog-E-Book. Elsevier Health Sciences; 2013.

 27. Evans HE, De Lahunta A. Guide to the Dissection of the 
Dog-E-Book. Elsevier Health Sciences; 2016.

 28. Akin EY, Shores A. Suboccipital craniectomy/foramen 
magnum decompression. In: Shores A, Brisson BA, eds. 
Current Techniques in Canine and Feline Neurosurgery. 
John Wiley & Sons; 2017:115–120.

 29. Chazal J, Tanguy A, Bourges M, et al. Biomechanical 
properties of spinal ligaments and a histological study 
of the supraspinal ligament in traction. J Biomech. 
1985;18(3):167–176. doi:10.1016/0021-9290(85)90202-7

 30. Tabanez J, Gutierrez-Quintana R, Kaczmarska A, et al. 
Evaluation of a novel dorsal-cemented technique for 
atlantoaxial stabilisation in 12 dogs. Life. 2021;11(10): 
1039. doi:10.3390/life11101039

 31. Beaver DP, Ellison GW, Lewis DD, Goring RL, Kubilis PS, 
Barchard C. Risk factors affecting the outcome of surgery 
for atlantoaxial subluxation in dogs: 46 cases (1978–
1998). J Am Vet Med Assoc. 2000;216(7):1104–1109. 
doi:10.2460/javma.2000.216.1104

 32. Planchamp B, Forterre F, Vidondo B, et al. Determination 
of cut-off values on computed tomography and magnetic 
resonance images for the diagnosis of atlantoaxial insta-
bility in small-breed dogs. Vet Surg. 2022;51(4):620–630. 
doi.org/10.1111/vsu.13799

 33. Roh Y, Kim D, Jeong S, Lee H. Evaluation of the accuracy 
of three-dimensionally printed patient-specific guides for 
transsphenoidal hypophysectomy in small-breed dogs. 
Am J Vet Res. 2022;83(5):465–472. doi.org/10.2460/
ajvr.21.09.0154

 34. Tobias KM, Johnston SA. Veterinary Surgery: Small 
Animal-E-Book: 2-Volume Set. Elsevier Health Sciences; 
2013.

 35. Stigen Ø, Aleksandersen M, Sørby R, Jørgensen HJ. 
Acute non-ambulatory tetraparesis with absence of the 
dens in two large breed dogs: case reports with a radio-
graphic study of relatives. Acta Vet. 2013;55(1):31. 
doi:10.1186/1751-0147-55-31

 36. Lee HM, Kim NH. Effect of postlaminectomy scar on 
ventral dura and nerve root adhesion after laminec-
tomy and discectomy in rabbits. J Korean Orthop Assoc. 
1992;27(7):1891–902. doi:10.4055/jkoa.1992.27.7.1891

 37. Miyamoto K, Masuda K, Inoue N, Okuma M, 
Muehleman C, An HS. Anti-adhesion properties of 
a thrombin-based hemostatic gelatin in a canine 
laminectomy model: a biomechanical, biochemi-
cal, and histologic study. Spine. 2006;31(4):E91–E7. 
doi:10.1097/01.brs.0000199902.80607.ce

 38. Rusbridge C. New considerations about Chiari-like mal-
formation, syringomyelia and their management. In Pract. 
2020;42(5):252–267. doi:10.1136/inp.m1869

Brought to you by Universität Bern, Universitätsbibliothek | Unauthenticated | Downloaded 10/28/22 01:01 PM UTC


