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Abstract. Effectiveness of ventral surgical approach in correction of atlanto- axial instability in dogs of 
«toy» breeds was analyzed in the research. 135 clinical cases of surgical correction, the general concept of 
surgical access and implant placement, which minimize risks of iatrogenic complications, were studied. Ventral 
stabilization was carried out by forming an arthrodesis between atlas and epistropheus by inserting screws or 
spokes through articular structures and vertebral bodies from ventral surface and then fixing them with bone 
cement. In the studied method, there are also complications in form of failure of metal structures or damage 
to recurrent laryngeal nerve, but, according to statistics, the incidence of these complications in world practice 
does not exceed 20 %. Among the possible complications during the operation are death of animal because 
of sudden respiratory arrest associated with spinal cord injury, migration or breakage of implants, inadequate 
alignment of spine. In addition, implants may not be placed correctly causing chronic pain or damage to the 
spinal cord. As a result of the operation, 104 dogs fully recovered, partial preservation of neurological deficit 
was observed in 13 animals, 18 animals died in the early postoperative period. Complications that did not 
lead to a deterioration in neurological status and quality of life occurred in 17 animals. Analyzing the work 
done, the method of ventral stabilization in the treatment of atlanto- axial instability can be recommended as 
the most reliable and optimal method, since it is technically simple and has good long-term results. Statistical 
data showed good results, the method is effective and allows to fully return the animal to a quality life in 
more than 86 % of cases.
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Introduction

Atlanto- axial instability (AAI) is a common pathology of cranio- vertebral zone of 
spine in «toy» breeds of dogs, and to date, extensive experience has been accumulated 
in the use of various methods for treatment of this disease. Long-term studies have 
demonstrated various approaches to solving the problems of surgical practice in AAI. 
Thus, a number of authors announced the use of the dorsal method [1], which is considered 
to be the most acceptable and has positive results. At the same time, it is stated in [2] 
that dorsal decompression provides some relief, but it does not relieve pressure on the 
ventral surface of the spinal cord. Meanwhile, the dorsal technique, (with rigid fixation 
by inserting Kirschner wires through the spinous process of the epistrophy into atlas 
wings or fixing the vertebrae with a cerclage wire) has been used in practice for a long 
time and definitely had a positive role [3–7].

Nowadays, ventral techniques provide access to atlanto- axial joints, and debridement 
of joints performed in such cases causes arthrodesis and associated permanent stability. 
Access to ventral surface of vertebrae is carried out along the midline between the right 
sternocephalic and sternothyroid muscles [8]. Its use has the advantage of avoiding 
complications and reducing the risk of iatrogenic spinal cord injury during screw placement 
due to its position and direction [9–11].

Clinical experience shows that ventral techniques include cross- pinning, transarticular 
screws, combination of pins or bone-cemented screws, and various sizes of vertebral 
fixation plates. The authors in [12–14] used cortical screws inserted into the joints at 
an angle in bilateral direction, thereby reducing the possibility of iatrogenic spinal cord 
injury. In [15], scientists used Kirschner wires, which were inserted bilaterally from 
epistropheus through synovial joints into atlas body. Thus, a large number of options for 
surgical techniques indicate the ongoing search for the most optimal surgical approach to 
the treatment of AAI. So far, there is no consensus on what the most preferable method 
is — method of ventral stabilization with a plate, Kirschner wires or transarticular cortical 
screws using bone marrow cement [16–19]. Therefore, the question of the advantages 
of a particular method remains open.

The purpose of the study was to analyze effectiveness of surgical method of ventral 
stabilization of atlas and epistrophy.

Materials and methods

In the period from 2015 to 2023, the records of patients with neurological deficits 
were analyzed, of which 9657 animals underwent visual diagnostics on MRI and CT. 
Only 2860 (29.6 %) animals of the total number of dogs and cats had pathologies in the 
cervical spine. And only 135 animals were found to have AAI, which is only 1.4 % of 
the total number of animals suffering from neurological disorders.
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Each animal underwent a primary neurological examination, the stage of 
neurological deficit was identified, and a visual examination, radiography, MRI of 
cervical region on a Siemens impakt 1Tl tomograph, 32-slice CT scan of cervical region 
on a Siemens Somatom Go. Now apparatus were performed. All animals in the group 
showed ventral compression of spinal cord at the level of atlas and epistrophy [19]. 
Moreover, in AAI group, concomitant diseases were detected: Chiari-like malformation, 
herniated cerebellum, Dewey’s depression, syringohydromyelia. Epistropheal tooth 
hypoplasia was detected in 9 dogs, epistropheal tooth aplasia — in 3 dogs, tooth 
deviation — in 1 dog, 30 dogs were admitted with atlas fracture and 5 dogs — with 
epistropheal tooth fracture.

All animals underwent surgical treatment by ventral stabilization with screws in 
bilateral direction using polymethyl methacrylate.

Results and discussion

Our own clinical experience, as well as the analysis of scientific literature data [2, 
16, 17], indicated the presence of many complications in surgical correction by means 
of dorsal fixation of the AAI. Thus, studies have demonstrated many complications, 
manifested in the long term by the failure of metal structures and relapses in the operating 
area, characterized by subluxation of the vertebrae. In the postoperative period, additional 
external fixation of craniovertebral zone of animal and long periods of rehabilitation, 
and often reoperations, are required. Therefore, the preferred method of treatment today 
is ventral stabilization of atlas and epistrophy with screws or wires using bone cement 
(polymethyl methacrylate). This method is the most reliable, it allows for arthrodesis, 
which in turn, ensures viability of the metal structure to a greater extent.

The ventral correction method was performed by inserting screws with fixation 
using bone cement. In the procedure [19, 20] for performing this operation, the 
authors noted: “Surgical access was performed from ventral surface of neck to arch 
of atlas and epistrophy body by dissection of sternothyroid and sternohyoid muscles, 
as well as by isolating atlanto- axial joint from soft tissues. A surgical cutter was used 
to abrade the articular surfaces C1–C2 to create arthrodesis of articular surfaces. 
Two screws were inserted intra- articularly into ventral arch of atlas with a lateral 
displacement of the conduction angle up to 35°, and two screws were inserted 
into ventral surface of cranial articular facets with a lateral deviation of the screw 
conduction angle of 40…45°. One screw was inserted monocortically into the thickest 
part of epistropheus body from its caudal part in the lateral direction at an angle of 
55…65°, which allowed the tooth to be distracted and bone cement was placed at 
the time of tooth abduction. Control was carried out until the cement was completely 
cured”. The surgical wound is closed with a monofilament thread layer by layer. It 
should be noted that the operation is based on reducing pressure on spinal cord and 
stabilizing the joint (Fig. 1–6). The pressure is usually relieved by bringing vertebrae 
into their normal anatomical position. If epistrophy tooth is deformed and displaced 
towards spinal cord, it must be removed to relieve pressure on ventral surface of 
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spinal cord. In summary, it can be noted that atlanto- axial joint is stabilized using 
the ventral technique, since approaches from the dorsal side usually do not lead to 
stable fixation of the two surfaces of vertebrae, and long-term stability is ensured 
by strength of metal structure.

Fig. 1. Radiography in lateral projection. Spinal 
stenosis is determined due to ventral compres-

sion of the dens

Fig. 2. MRI in sagittal projection. Compression 
of the spinal cord at the level of C1–C2 is 

deter-mined

Fig. 3. Postoperative scan in dorso-ventral 
projec-tion. Creation of ar-throdesis 
of articular sur-faces with 7 screws

Fig. 4. Postoperative scan in latero-lateral 
projec-tion. The safety and vol-ume of the 
spinal cord after surgery is deter-mined. 
Fixation with screws and bone cement
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Fig. 5. Postoperative CT scan in sagittal 
direction. Preservation and volume of the spinal 

cord after surgery is determined

Fig. 6. CT scan in sagittal projection. 
Preservation and volume of the spinal cord 

after surgery is de-termined
Source: made by the authors

Analysis of the method showed the presence of complications in the form of structural 
failure or damage to the recurrent laryngeal nerve, however, according to statistics, the 
incidence of these complications in the world does not exceed 20 %.

Among the possible complications of surgical intervention are death of animal as 
a result of sudden respiratory arrest due to spinal cord injury during surgery, migration or 
breakage of implants, and inadequate alignment of the spine. In addition, implants may 
be placed incorrectly, causing chronic pain or spinal cord injury, and require removal. 
Improper placement can be a problem due to the small area of bone available to engage 
pins or screws. Thus, in [1], 28 surgical interventions were performed on dogs with AAI. 
The authors indicated that dorsal stabilization in seven dogs resulted in two recoveries 
and five misfixation failures. Ventral decompression and stabilization in 18 dogs resulted 
in eight recoveries and four failures.

Considering the experience of working with complications, special attention should 
be paid to the pathogenesis of this disease. A review of the scientific literature shows 
that in case of epistrophy tooth pathology, in 24 % of cases — it is aplasia, in 32 % — 
hypoplasia, and only in 26 % of cases — an anomaly of ligamentous apparatus [21–23], 
which definitely increases the need to search for the optimal method. Moreover, there 
are postoperative complications affecting the function of the upper respiratory tract 
(for example, cough, gagging, paralysis of the larynx). Aspiration pneumonia is also 
a potential postoperative complication that may be associated with dysfunction of the 
upper airways (eg, larynx) and/or pharynx. In general, reported perioperative mortality 
rates for surgical treatment of dogs with AAI range from 0 to 30 %, with the most recent 
review reports reporting rates of 5 to 10 %. Due to the proximity of atlantoaxial region 
to centers of brainstem responsible for cardiac and respiratory cycles, intraoperative 
death is explained by inadvertent damage to these brain areas [23–25].
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The analysis of the performed operations showed positive results. According to 
observations, out of 135 operated animals, 104 animals recovered, 13 animals showed 
partial preservation of neurological deficit, 18 animals died in the early postoperative 
period. Complications that did not lead to a deterioration in neurological status and 
quality of life occurred in 17 animals (Table).

Postoperative parameters for ventral correction of atlanto- axial instability in dogs

Type of surgical 
operation

Total number 
of animals

Full and 
partial 

recovery, 
maintaining 

a good quality 
of life

Complete gait 
recovery

Partial 
recovery, 

preservation 
of mild 

neurological 
deficit

Death

Complications 
without 

worsening 
clinical 

symptoms

Ventral 
stabilization 135 117 104 13 18 17

Share,% 100 86.6 77 9.6 13.3 12.6

Conclusion

Based on the results of the research performed, we can recommend the method 
of ventral stabilization in treatment of AAI as the most reliable and optimal method, 
since it is technically simple and has good long-term results. Statistical data show good 
results, the method is effective and allows the animal to fully return to a quality life in 
more than 86 % of cases.

References
1. Thomas WB, Sorjonen DC, Simpson ST. Surgical management of atlantoaxial subluxation in 23 dogs. 

Vet Surg. 1991;20(6):409–412. doi: 10.1111/j.1532–950X.1991.tb00348.x
2. Geary JG, Oliver JE, Hoerlein BF. Atlanto axial subluxation in the canine. J Small Anim Pract. 

1967;8(10):577–582. doi: 10.1111/j.1748–5827.1967.tb04500.x
3. Borzenko EV, Vatnikov YA. Method of diagnostic of craniovertebral pathology in miniature dog breeds. 

RUDN Journal of Agronomy and Animal Industries. 2011;(2):63–75. (In Russ.).
4. Jeffery ND. Handbook of Small Animal Spinal Surgery. 1st ed. London: WB Saunders Co; 1995.
5. Kim D, Lee S, Kim G. Application of a Modified Dorsal Wiring Method in Toy Breed Dogs With 

Atlantoaxial Subluxation. in vivo. 2023;37(1):247–251. doi: 10.21873/invivo.13074
6. Song JH, Hwang TS, Jung DI, Jeong HJ, Huh C. Successful Management of and Recovery from Multiple 

Cranial Nerve Palsies following Surgical Ventral Stabilization in a Dog with Atlantoaxial Subluxation. Veterinary 
Sciences. 2022;9(7):322. doi: 10.3390/vetsci9070322

7. Toni C, Oxley B, Behr S. Atlanto- axial ventral stabilization using 3D-printed patient- specific drill guides 
for placement of bicortical screws in dogs. Journal of Small Animal Practice. 2020;61(10):609–616. doi: 10.1111/
jsap.13188

8. Shores A, Tepper LC. A modified ventral approach to the atlantoaxial junction in the dog. Vet Surg. 
2007;36(8):765–770. doi: 10.1111/j.1532–950X.2007.00334.x

9. Borzenko EV, Vatnikov YA. Pathogenetic features of hernia formation of intervertebral discs of 
chondrodystrophic dog breeds. Theoretical and Applied Problems of Agro-industry. 2013;(4):37–39. (In Russ.).



247VETERINARY SCIENCE

Vilkovysky IF et al.  RUDN Journal of Agronomy and Animal Industries, 2023;18(2):241–249

10. Ha JH, Jung CS, Choi SJ, Jung J, Woo HM, Kang BJ. Surgical Stabilization of a Craniocervical Junction 
Abnormality with Atlantoaxial Subluxation in a Dog. J Vet Clin. 2018;35(1):30–33.

11. Kamishina H, Sugawara T, Nakata K, Nishida H, Yada N, Fujioka T, et al. Clinical application of 3D 
printing technology to the surgical treatment of atlantoaxial subluxation in small breed dogs. PLOS One. 
2019;14(5): e0216445. doi: 10.1371/journal.pone.0216445

12. Denny HR, Gibbs C, Waterman A. Atlantoaxial subluxation in the dog: a review of thirty cases and evaluation 
of treatment by lag screw fixation. J Small Anim Pract. 1988;29(1):37–47. doi: 10.1111/j.1748–5827.1988.tb02262.x

13. Forterre F, Revés NV, Stahl C, Gendron K, Spreng D. An indirect reduction technique for ventral stabilization 
of atlantoaxial instability in miniature breed dogs. Vet Comp Orthop Traumatol. 2012;25(04):332–336. doi: 
10.3415/VCOT-11–07–0107

14. Platt SR, Chambers JN, Cross A. A modified ventral fixation for surgical management of atlantoaxial 
subluxation in 19 dogs. Vet Surg. 2004;33(4):349–354. doi: 10.1111/j.1532–950X.2004.04050.x

15. Sorjonen DC, Shires PK. Atlantoaxial instability: a ventral surgical technique for decompression, fixation 
and fusion. Vet Surg. 1981;10(1):22–29. doi: 10.1111/j.1532–950X.1981.tb00625.x

16. Plessas IN, Volk HA. Signalment, clinical signs and treatment of atlantoaxial subluxation in dogs: 
a systematic review of 336 published cases from 1967 to 2013. J Vet Intern Med. 2014;28(3):944–975.

17. Scollan JP, Alhammoud A, Tretiakov M. The Outcomes of Posterior Arthrodesis for Atlantoaxial 
Subluxation in Down Syndrome Patients. Clinical Spine Surgery. 2018;31(7):300–305. doi: https://doi.org/10.1097/
BSD.0000000000000658

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

19. Vilkovysky IF, Rusnak IA, Vatnikov YA, Sharapov DN, Prozorovsky IE. Surgical correction method of 
atlas- axial instability in dogs. Legal regulation in veterinary medicine. 2021;(1):63–66. (In Russ.). doi: 10.17238/
issn2072–6023.2021.1.63

20. Joaquim AF, Tedeschi H., Chandra P.S. Controversies in the surgical management of congenital craniocervical 
junction disorders — A critical review. Neurol India. 2018;66(4):1003–1015.

21. Borzenko EV, Vatnikov YA. Theoretical Justification of Herniation in Intervertebral Discs in Hondrodistrofic 
Breeds Dogs. Russian veterinary journal. Small pets and wild animals. 2012;(6):34–35. (In Russ.).

22. Borzenko EV, Vatnikov YA. Diagnostic criteria of craniovertebral pathology in miniature dog breeds. 
Russian veterinary journal. Small pets and wild animals. 2010;(2):22–27. (In Russ.).

23. Dewey CW, Marino DJ, Loughin CA. Craniocervical junction abnormalities in dogs. NZ Vet J. 
2013;61(4):202–211. doi: 10.1080/00480169.2013.773851

24. Cerda- Gonzalez S, Dewey CW. Congenital diseases of the craniocervical junction in the dog. Veterinary 
Clinics: Small Animal Practice. 2010;40(1):121–141. doi: 10.1016/j.cvsm.2009.10.001

25. Dewey CW, Davies E, Bouma JL. Kyphosis and kyphoscoliosis associated with congenital malformations 
of the thoracic vertebral bodies in dogs. Veterinary Clinics: Small Animal Practice. 2016;46(2):295–306. doi: 
10.1016/j.cvsm.2015.10.009

About authors:
Vilkovysky Ilya Fedorovich — Candidate of Veterinary Sciences, Associate Professor, Department of Veterinary 
Medicine, Agrarian and Technological Institute, RUDN University, 6 Miklukho- Maklaya st., Moscow, 117198, 
Russian Federation; e-mail: vilkovyskiy-if@rudn.ru
ORCID: 0000–0003–0084–6383
SPIN: 6544–1649
Rusnak Ivan Anatolyevich — postgraduate student, Department of Veterinary Medicine, Agrarian and Technological 
Institute, RUDN University, 6 Miklukho- Maklaya st., Moscow, 117198, Russian Federation; e-mail: 89rus.
ivan@gmail.com



248 ВЕТЕРИНАРИЯ248

Vilkovysky I.F. et al. Вестник РУДН. Серия: Агрономия и животноводство. 2023. Т. 18. № 2. С. 241–249

248

Yagnikov Sergey Alexandrovich — Doctor of Veterinary Sciences, Professor, Department of Veterinary Medicine, 
Agrarian and Technological Institute, RUDN University, 6 Miklukho- Maklaya st., Moscow, 117198, Russian 
Federation; e-mail: yagnikov-sa@rudn.ru
ORCID: 0000–0003–2567–272X
SPIN: 3104–7566
Sakhno Nikolai Vladimirovich — Doctor of Veterinary Sciences, Associate Professor, Professor of Department 
of Epizootology and Therapy, Orel State Agrarian University named after N.V. Parakhin, 69 Generala Rodina 
st., Orel, 302019, Russian Federation; e-mail: sahnoorelsau@mail.ru
ORCID: 0000–0002–3281–1081
SPIN: 5461–3191
Seleznev Sergey Borisovich — Doctor of Veterinary Sciences, Professor, Department of Veterinary Medicine, 
Agrarian and Technological Institute, RUDN University, 6 Miklukho- Maklaya st., Moscow, 117198, Russian 
Federation; e-mail: seleznev-sb@rudn.ru
ORCID: 0000–0002–4249–8834
SPIN: 8139–5111

Анализ оперативной коррекции  
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Аннотация. Проведен анализ эффективности вентрального оперативного доступа при коррекции 
атлантоаксиальной нестабильности у собак «игрушечных» пород. Рассмотрены 135 клинических слу-
чаев хирургической коррекции, общая концепция хирургического доступа и проведения имплантации, 
позволяющая минимизировать риски ятрогенных осложнений. Вентральную стабилизацию осущест-
вляли путем формирования артродеза между атлантом и эпистрофеем посредством введения винтов 
или спиц сквозь суставные структуры и тела позвонков с вентральной поверхности и последующей 
их фиксацией костным цементом. Исследованный метод может сопровождаться осложнениями в виде 
несостоятельности металлоконструкций или повреждения возвратно- гортанного нерва, но, согласно ста-
тистике, встречаемость данных осложнений в мировой практике не превышает 20 %. Среди возможных 
осложнений во время операции выделяют гибель животного в результате внезапной остановки дыхания, 
связанной с травмой спинного мозга, миграцию или поломку имплантатов, неадекватное выравнивание 
позвоночника. Кроме того, имплантаты могут быть установлены некорректно, вызывая хроническую боль 
или поражение спинного мозга. В результате операции полностью выздоровели 104 собаки, частичное 
сохранение неврологического дефицита наблюдалось у 13 животных, 18 животных погибли в ранний 
послеоперационный период. Осложнения, которые не повлекли за собой ухудшение неврологического 
статуса и качества жизни, возникли у 17 животных. Анализируя проведенную работу, мы можем рекомен-
довать метод вентральной стабилизации при лечении атлантоаксиальной нестабильности как наиболее 
надежный и оптимальный, поскольку он технически несложен и имеет хорошие отдаленные результаты. 
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Статистические данные показали хорошие результаты, метод эффективен и позволяет полностью вернуть 
животное к качественной жизни в более чем 86 % случаев.

Ключевые слова: хирургическая операция, постоперационные осложнения, позвоночный столб, 
вентральная стабилизация
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