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Abstract: The Kimmerle anomaly (KA) is a congenital or acquired osseous 

bridge at the craniovertebral junction, forming a bony canal that can compress the 

vertebral artery (VA), occipital nerve, and venous plexus. This review summarizes 

current literature on the epidemiology, pathogenesis, clinical manifestations, and 

diagnostic approaches of KA based on data from PubMed and eLibrary. The 

anomaly is found in 16–19% of the population and can manifest as vertebrobasilar 

insufficiency (VBI), cervicogenic headaches, and cochleovestibular disorders, 

especially after cervical spine strain or trauma. Diagnosis relies on radiography, 

MSCT, and MSCT angiography, while MRI and Doppler ultrasound are used to 

assess hemodynamic significance. Differential diagnosis includes atherosclerotic 

stenosis, vertebral artery tortuosity, and vestibular disorders. Understanding the 

anatomical and clinical characteristics of KA is critical for timely recognition and 

prevention of vascular and neurological complications. 

Key words: Kimmerle anomaly, vertebral artery, vertebrobasilar 

insufficiency, craniovertebral junction, MSCT angiography, compression syndrome. 

 

Introduction. In 1923, H. Hayek described an anomaly of the craniovertebral 

junction, which is a bony bridge [1]. It is localized between the posterior edge of the 

articular process of C1 and the posterior border of its arch and forms an opening 

through which the vertebral artery (VA) and occipital nerve pass [2]. In 1930, A. 

Kimmerle (Hungary) described this anomaly in detail, drawing attention to the fact 

that this change can lead to vertebrobasilar insufficiency (VBI), vertebral pain 

syndrome and acute cerebrovascular accident (ACE). Subsequently, it was called 

Kimmerle anomaly (KA) [3]. Then, H. Krayenbuhl and MG Yasargil, while 

studying radiographs of the cervical spine (CS), discovered this pathology in patients 

with vertebrobasilar insufficiency (VBI) [4]. AC is an exostosis of the atlanto-

occipital membrane located in the area of the craniovertebral junction, which forms 
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a bony bridge between the articular process of C1 and its posterior arch (posterior or 

medial bridge) and/or the articular and transverse process of C1 (lateral bridge) [5]. 

In AC, the V3 segment of the VA is compressed in the bony canal instead of its usual 

location in the sulcus arteriae vertebralis. The vertebral vein, posterior branch of the 

C1 rootlet and sympathetic endings may also be included in the bony canal. AC has 

several synonyms in the scientific literature: foramen arcuate, foramen arcuate 

atlantis, foramen retroarticulare, perior, ponticulus posterior et ponticulus lateralis 

atlantis, ponticuli posticus, canalis Bildungidunge; in an incomplete variant of the 

structure - clinoid bridge [6]. In ICD-10 it is classified as: Q76.4, I65.0, M47.0, 

M53.0, M85.0, G45.0, G99.2. 

Objective: To analyze modern scientific literature on the epidemiology, 

pathogenesis, diagnosis of AK, presented in the eLibrary and PubMed libraries. 

Epidemiology. Along with Arnold-Chiari malformation, platybasia, basilar 

impression, C1 assimilation, hypoplasia and aplasia of the posterior arch of C1, AC 

is one of the most common anomalies of the craniovertebral junction. AC occurs in 

18.8% of cases according to sectional findings, 17.2% when analyzing MSCT, 

16.6% according to spondylography [7]. The disease occurs equally in both men and 

women (15.8% and 14.6%, respectively) [8]. In a study of 305 cases of congenital 

AC, according to N.A. Shchikunov et al. (2014), bilateral AC was present in 42% of 

cases. A completely symmetrically formed canal was observed in 29% of cases, and 

an incomplete one – in 13%. In 19% of cases, bilateral asymmetric AC was detected, 

and unilateral AC - in 39%. Of the unilateral ones, left-sided was noted (30%), less 

often - right-sided (9%). In the case of left-sided PA canal, it was incomplete in 16% 

of cases, complete - in 14% [9]. The degree of ossification of the PA groove in AC 

is presented in Table 1. The clinical picture can manifest itself with ossification of 

the ligament of classes III and IV. PATHOGENESIS The pathogenesis of VBN in 

AC remains complex [10]. PA never occupies the entire volume of the foramen 

(usually about 35% of its volume). The fibrous tissue surrounding the PA, its venous 

and sympathetic plexus, and in the region of the posterior arch C1 and the occipital 

nerve, serve as a framework for them [11]. AC acquires clinical significance due to 
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the loss of elasticity of the VA affected by atherosclerosis or vasculitis, periarterial 

cicatricial process, the degree of ossification of the ligament, the presence of other 

anomalies of the craniovertebral region, the discrepancy between the width of the 

VA and the size of the opening in the bone canal, the presence of osteochondrosis 

of the CS, etc. [12]. In addition to the mechanical impact on the VA in AC, the 

ligament also reduces the mobility of the V3 segment of the VA during VA 

movement with the development of its compression [13]. Irritation of the 

sympathetic plexus of the VA and the development of arterial spasm with the 

formation of VBI occur [14]. There is also a theory of venous outflow disturbance 

in AC, in which the VA is compressed by the venous plexus, due to which a decrease 

in the volumetric blood flow through the VA and the development of VBI are 

observed. 

Clinical picture. In most cases, AK is asymptomatic [15]. The clinical picture 

of VBN develops in only 1.0–5.5% of patients1. Exposure to trigger factors 

(whiplash injuries of the cervical spine, staying in a non-physiological position 

(hyperextension, head rotation, etc.)) causes an exacerbation of symptoms [16]. The 

clinical picture of AK is characterized by a variety of symptoms, which creates 

difficulties in its diagnosis [17]. Patients with AK are observed for a long time with 

various diagnoses: occipital neuralgia, cervical spine osteochondrosis, migraine, 

cephalgia, tension headache, VSD, cervicobrachialgia, syncopal states, or simply 

VBN without specifying its etiology and pathogenesis. These patients receive 

heterogeneous examination and treatment, which ultimately does not allow the 

formation of the necessary treatment tactics [2]2. The clinical picture of AK includes 

several syndromes. 

Class Severity of ossification I no ossification II ossification >1/2 groove for 

PA III ossification of the entire ligament, but there is a groove IV complete 

ossification, forming a bony bridge over the PA 

1. Pain syndrome: hemicranialgia, pain in the occipital region and cervical 

spine, accompanied by photopsia and visual field losses [6, 18]. Most patients report 

headaches daily, mainly after sleep. Pain, as a rule, intensifies after prolonged static 



 

Cyberlininka.ru 
 

42 Science and Innovation Vol. 5 No. 2 (2025) 

load, physical activity, coughing. Pain in the cervical spine is paroxysmal, spreading 

to the shoulder girdle, shoulder or occipital region, and sometimes to the inner ear, 

eyes, back of the throat, jaw. 2. VBI syndrome, cochleovestibular disorders 

manifested as dizziness [19]. It should be understood that by the term "dizziness" 

patients mean a wide variety of sensations: a feeling of falling, spinning, 

lightheadedness, blurred vision, impaired concentration, unsteadiness of gait, etc. In 

the clinical picture, based on subjective data, the main types of dizziness are 

distinguished - systemic and non-systemic [20]. Systemic vertigo is associated with 

vestibular dysfunction. Because patients are extremely inconsistent in their 

complaints and easily induced in their descriptions of their symptoms, virtually 

every patient can exhibit signs of all types of vertigo. Therefore, in addition to 

determining the subtype of vertigo, it is important to determine other characteristics 

of the dizziness (duration: constant, paroxysmal, < 1 min, > 1 hour, > 24 hours), the 

presence of a trigger (change in body position or spontaneous). If vertebrogenic 

vertigo is suspected, it is necessary to determine the connection between the 

dizziness and cervical spine movements. Complaints of systemic dizziness and 

unsteadiness when walking are often combined with paracusia (tinnitus) and mild 

hearing loss, noise and ringing in the ears, disturbances in coordination tests, blurred 

vision, a sensation of sand in the eyes, short-term vision loss, photopsies, changes in 

phonation and swallowing, accompanied by nausea, vomiting, nystagmus, 

dysarthria, diplopia, and increased fatigue. A characteristic feature of VBI in AK is 

its association with movement in the cervical spine, which forces patients to assume 

a certain posture. Movements in the cervical spine can provoke a process of 

destabilization of blood circulation in the affected VA and cause VBI via the Bow 

Hunter Stroke mechanism (archer syndrome) [9]. There are disturbances of 

sensitivity, cerebellar and bulbar symptoms, mono-, para- or tetraparesis, sudden 

falls without loss of consciousness (drop attacks), sudden falls with loss of 

consciousness (Unterharnscheidt syncopal syndrome). 3. Vegetative syndrome. It is 

characterized by panic attacks with the occurrence of a feeling of a "flush of heat" 

to the head or cervical spine, fear, anxiety, suffocation. Their duration varies from 
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tens of minutes to several hours [21]. AC is one of the main risk factors for the early 

development of stroke [17, 22]. There are data on clinical cases of acute hearing loss 

and spinal stroke in AC [23]. Three degrees of severity of AC are distinguished 

according to the scale of S.A. Gulyaev (Table 2). The severity of AC can be assessed 

using the Rankin scale,modified Glasgow Outcome Scale and Rivermead Mobility 

Index (Table 3) [24, 25]. 

Diagnostics. A simple and accessible method for diagnosing AC is 

spondylography [26]. MSCT is used to evaluate the ligament ossification class and 

its orientation in the frontal and sagittal planes [27]. MSCT angiography can be used 

to evaluate the course of the VA relative to the bone rings, the class of ligament 

ossification and atherosclerotic lesion of the VA, unilateral/bilateral lesions and the 

possibility of extravasal compression of the VA [28]. MSCT angiography is also 

used to evaluate the closure of the circle of Willis and the presence and extent of the 

atherosclerotic process in the brachiocephalic and intracranial arteries. Ultrasound 

signs of extravasal effects on the VA include local acceleration of blood flow at the 

site of compression and interlateral asymmetry of blood flow velocity. Direct 

evidence of extravasal influence is considered to be a positive rotation test, in which 

a marked decrease in blood flow velocity in the V4 segment of the VA occurs in 

response to head rotation during transcranial examination [29, 30]. In patients, 

extravasal compression with an irritative effect on blood flow velocity in the VA is 

observed during rotation tests (with a delay in this position for at least 2 min) [31]. 

A decrease in peak systolic velocity ≥ 30% is noted as a diagnostic threshold. Blood 

flow asymmetry in the VA by 70% is a sign of AC or their stenosis. A full-fledged 

ultrasound examination with functional tests is time-consuming and should be 

performed according to indications, for example, if a patient with AC has 

pronounced clinical features of VBI. MRI or CT of the brain is used to verify 

ischemic areas [4, 32, 33]. MRI of the CS allows to identify or exclude a soft tissue 

cause of VA compression. Cerebral angiography allows for dynamic visualization 

of vessels and simulation of the CS position, which reveals signs of VBI. Additional 

methods used in differential diagnosis include vestibulometry, a research method 
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that includes a series of tests conducted to determine the functional state and level 

of damage to the vestibular analyzer. Differential diagnosis of AC is carried out with 

the following diseases: atherosclerotic stenosis or pathological tortuosity of the 

brachiocephalic arteries, stenosis of the VA at other levels, discoosteophyte 

compression of the VA, tension headache, neurocirculatory dystonia, autonomic 

dysfunction syndrome, Meniere's disease, vestibular neuronitis, labyrinthitis, 

cerebellopontine angle syndrome, tumors of the fourth ventricle, degenerative-

dystrophic diseases of the cerebral cortex, Takayasu's disease [34, 35]. 

Conclusion. Kimmerle anomaly (KA) is a relatively common structural 

variant of the craniovertebral junction that may remain asymptomatic throughout 

life or lead to significant vertebrobasilar insufficiency due to vertebral artery 

compression. Although found in up to one-fifth of the population, its clinical 

manifestations occur in a minority of cases and are often triggered by neck 

hyperextension, rotation, or trauma. The pathogenesis involves mechanical 

compression of the vertebral artery, irritation of the sympathetic plexus, and 

impaired venous outflow, resulting in dizziness, occipital pain, and transient 

ischemic symptoms. Radiological assessment—especially multislice computed 

tomography (MSCT) and MSCT angiography—remains the gold standard for 

diagnosis, enabling visualization of bony bridges, ossification degree, and vascular 

compression. Doppler ultrasonography and MRI complement these studies by 

providing functional and hemodynamic data. Timely identification of KA is crucial 

for differentiating it from other cerebrovascular and vestibular pathologies and for 

selecting appropriate conservative or surgical treatment strategies. Understanding 

the anatomical and clinical significance of KA contributes to improved prevention 

of cerebrovascular complications and enhances patient outcomes in neurology and 

neurosurgery practice. 
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