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Abstract: The study explores the historical development, classification, and 

diagnostic evolution of craniovertebral anomalies with a focus on Arnold–Chiari 

malformation. Over the past three centuries, the understanding of these conditions 

has progressed from descriptive anatomical observations to detailed radiological 

and genetic analyses. The work traces the contributions of early anatomists such as 

R. Columbus, H. Chiari, and J. Arnold, and the refinement of classifications by 

modern researchers. Special attention is given to the morphogenesis of the 

craniovertebral junction, the relationship between bone malformations and 

posterior fossa size, and the pathogenesis of cerebellar tonsil descent. Despite 

advancements in MRI diagnostics, the etiopathogenesis of Arnold–Chiari 

malformation remains controversial, with competing theories involving 

hydrocephalus, traction, and osteoneural disproportion. This review highlights the 

complex interplay of embryological, anatomical, and radiological factors that 

continue to shape current diagnostic and clinical approaches. 
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Introduction. The history of studying craniovertebral anomalies spans more 

than three centuries. Initially, the analysis of this pathology was conducted by 

anatomists and was mainly descriptive in nature. The first description of atlas 

assimilation is attributed to the Italian anatomist R. Columbus [1]. In 1790, J. 

Ackermann described in detail the developmental anomaly of the main part of the 

occipital bone, subsequently named basilar impression by F. Berg and A. Retzius 

(1855) [1, 2]. Later, in the 19th century, R. Virchow described platybasia, in which 
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an underdeveloped clivus assumes a horizontal position, thereby causing flattening 

of the skull base. Bone anomalies in the craniovertebral region are quite often 

combined with Arnold-Chiari malformation [3, 4]. In recent decades, due to the 

rapid development and introduction of modern methods of radiation diagnostics into 

clinical medicine, and advances in the field of genetics and embryology, it has 

become possible to conduct an in-depth study of craniovertebral junction dysplasia, 

since this pathology still remains a complex problem that is not fully understood [5]. 

In a historical essay, J.M. Pearce (2000), citing the article "Contributions to the study 

of spina bifida, encephalocele, and anencephalus" in the London Journal of Anatomy 

and Physiology, reports that in 1883, J. Cleland published information on the 

combination of elongation of the brainstem and descent of the cerebellar tonsils into 

the spinal canal with hydrocephalus and spina bifida in a newborn. More than 50 

years earlier, Parisian professor of anatomy J. Cruveilhier presented a case of a 

combination of cerebellar and medulla oblongata herniation with myelomeningocele 

and diastematomyelia in an anatomical atlas. Then, in 1891, Prague professor of 

pathology H. Chiari characterized three types of malformation. Description of the 

first type includes the observation of elongation of the cerebellar tonsils and their 

displacement into the spinal canal, while the fourth ventricle remains unchanged or 

slightly elongated, in addition, flattening of the medulla oblongata is sometimes 

observed [6,7] (Fig. 1). The second type is characterized by a downward 

displacement of the spinal cord, cerebellar vermis, fourth ventricle and lower parts 

of the brainstem below the level of the foramen magnum, combined with other 

dysraphisms: aqueduct stenosis and hydrocephalus, underdevelopment of the 

tentorium cerebelli. These changes are almost always combined with lumbosacral 

myelomeningocele [2, 8] (Fig. 2). Anomaly of the third type is rare and is manifested 

by a gross displacement of the cerebellum and medulla oblongata into the spinal 

canal [9]. In 1894, R. Virchow's student J. Arnold published his observations of 

changes in the cerebellum and medulla oblongata in newborns with spina bifida. In 

1986, H. Chiari supplemented his classification by including a fourth type, which 

was characterized by severe cerebellar hypoplasia without protrusion of the tonsils 
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into the foramen magnum [7,8]. Similar cases were described by the Russian 

neurologist N. N. Solovtsov [10]. In 1907, E. Schwalbe and M. Gredig proposed the 

eponym "Arnold-Chiari malformation". However, some authors,Taking into 

account the smaller contribution of J. Arnold to the description of this pathology, 

they consider it correct to call it the term "Chiari malformation" for all types [9]. 

According to M.D. Blagodatsky et al. (1995), the frequency of detection of Arnold–

Chiari malformation type I in the population is 3.3–8.2 per 10,000 population. 

According to the study conducted by N.E. Krupina et al. (2002), when analyzing 

13,500 magnetic resonance tomograms of the craniovertebral region of patients with 

a neurological profile, a high incidence of Arnold–Chiari malformation I was noted 

- in 3.9%. There is an assumption about gender-dependent distribution of 

craniovertebral anomalies, since the incidence in men and women is not the same, 

women predominate (the ratio of occurrence in males and females, according to T.A. 

Akhadov (1993), is 41% and 59%, respectively, according to N.E. Krupina (2002) - 

2:3, according to AD Elster, MY Chen (1992) - 1: 2). In Arnold-Chiari malformation 

type I, according to data from different authors, basilar impression, assimilation of 

the atlas, and platybasia were most frequently diagnosed [1,3,11]. The classification 

of bone anomalies of the craniovertebral junction is based on various principles of 

systematization. AH Menezes divides all pathologies of the craniovertebral junction 

into congenital and acquired, taking into account the etiology and the zone of 

damage to the craniovertebral region. He classifies the following as congenital 

malformations: 1) malformations of the occipital sclerotomes (basilar invagination, 

hypoplasia of the condyles, etc.); 2) malformations of the atlas (assimilation of the 

atlas, aplasia of the atlas arches, etc.); 3) malformations of the axis (dysplasia of the 

odontoid process, etc.). Acquired disorders and developmental anomalies of the 

CVP are subdivided into pathology of the foramen magnum (the latter includes 

secondary basilar invagination, as a consequence of Paget's disease, rickets, 

rheumatoid arthritis, etc., and foraminal stenosis) and atlantoaxial instability (the 

cause of which can be infections, injuries, tumors, etc.) [12]. The classification by 

D. Pang et al. (2011) is based on the embryogenesis of the craniovertebral junction 
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components. All bone malformations are divided into two groups: 1) malformations 

of the central structures caused by disruption of the formation of the axial 

components of the occipital sclerotomes, proatlas, and first cervical sclerotome 

(these include dysgenesis of the odontoid process, "odontoid bone," 

aplasia/hypoplasia of the odontoid process components, as well as basilar 

impression, platybasia, etc.); 2) malformations of the surrounding structures caused 

by impaired development of the lateral components and hypochordal regions of the 

proatlas and first cervical sclerotome (formation of the third occipital condyle, 

hypertrophy of the occipital condyle, aplasia and hypoplasia of the anterior arch of 

the atlas, agenesis of the posterior arch of the atlas, assimilation of the atlas, aplasia 

of the lateral masses, etc.) [13]. Congenital pathology of the cervicoccipital region 

has long been considered as anatomical curiosities [14],which was caused by the 

difficulties of instrumental diagnostic methods. The active and widespread use of 

computed tomography and magnetic resonance imaging has made it possible to 

study in detail the most complex anomalies of the brain. However, to date, there is 

no consensus regarding the radiological criteria for establishing the diagnosis of 

Arnold–Chiari malformation type I. In 1985, A. O. Aboulezz et al. first proposed 

MRI criteria for diagnosing Arnold–Chiari malformation: dystopia of the cerebellar 

tonsils below the level of the foramen magnum by more than 5 mm should be 

considered pathological, the position of the tonsils between 3 and 5 mm is a 

borderline condition, and a descent of up to 3 mm is considered normal [6]. In 1986, 

AJ Barkovich et al., while studying magnetic resonance imaging of the brain of two 

hundred patients and comparing them with the clinical picture, came to the 

conclusion that ectopia of the cerebellar tonsils of more than 3 mm can be used to 

establish the diagnosis of Arnold–Chiari malformation type I. In 1992, AD Elster 

and MY Chen, and in 2000, J. Meadows noted that the descent of the cerebellar 

tonsils below the foramen magnum from 5 to 12 mm in 24–31% of patients can be 

asymptomatic [6]. DJ Mikulisetal. (1992), analyzing the results of magnetic 

resonance imaging of 221 volunteers aged from five months to 89 years, came to the 

conclusion that to determine dystopia of the cerebellar tonsils, it is necessary to take 
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into account their age-dependent changes in position: from 1 year to 10 years - below 

the level of the foramen magnum by 6 mm, from 11 to 30 years - by 5 mm; from 31 

years to 80 years - by 4 mm, from 81 years and beyond - by 3 mm. In 2001, R. S. 

Tubbs proposed to distinguish "Chiari zero malformation" - based on the presence 

of hydromyelia without descent of the cerebellar tonsils with a reduced volume of 

the posterior cranial fossa [15]. A. V. Kholin and colleagues believe that, taking into 

account clinical data, it is appropriate to distinguish two variants of Arnold-Chiari 

malformation [16]. E. G. Potemkina, based on the studies performed, supplemented 

the existing classifications by the degree of descent of the cerebellar tonsils into the 

foramen magnum and caudal: 0 degree - the tonsils are located at the level of the 

upper edge of the foramen magnum; 1 degree - the cerebellar tonsils are displaced 

to the level of the upper edge of the atlas arch; 2 degree - to the level of the upper 

edge of the body of the C2 vertebra; 3 degree - to the level of the upper edge of the 

C3 vertebra and lower in the caudal direction [17]. The most widespread at present 

is the classification of the American Association of Neurological Surgeons (1997), 

according to which three types of Arnold-Chiari malformation are distinguished: I. 

Posterior cerebral hernia (tonsils + - trunk) without lumbar myelomeningocele or 

occipitocervical encephalocele: - congenital; – acquired as a result of basal 

arachnoiditis, lumboperitoneal shunting, multiple lumbar punctures, II. With lumbar 

myelomeningocele III. With occipitocervical encephalocele [8]. However,Despite 

the widespread use of modern neuroimaging techniques, the etiology and 

pathogenesis of craniovertebral anomalies remain unclear, as does their relationship 

with clinical manifestations [3, 7, 8, 9]. H. Chiari was the first to put forward the 

theory of primary hydrocephalus in 1894. He explained the herniation of the 

hindbrain by intraembryonally occurring hydrocephalus, which in turn causes 

dystopia of the medulla oblongata and cerebellum in the caudal direction through a 

mechanism similar to that causing the involvement of the cerebellar tonsils in the 

syndrome of "intracranial hypertension". The cause of this hydrocephalus is 

blockage of the cerebral aqueduct. This assumption is contradicted by the fact that 

in most cases of Arnold-Chiari malformation the cerebral aqueduct remains normal, 
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and, moreover, hydrocephalus is not always detected [9]. Later, another theory, 

known in the literature as the "traction theory," gained recognition among some 

scientists. This hypothesis is based on the frequent combination of a low position of 

the medullary conus, a short cauda equina, and spina bifida with the Arnold–Chiari 

malformation. Abnormal fixation of the spinal cord in its lower sections prevents a 

gradual (as it grows) relative displacement in the oral direction; unable to rise 

upward, the spinal cord pulls the higher sections into the spinal canal cavity [10]. 

According to J. Cleland, the Arnold–Chiari malformation is caused by a disturbance 

in the formation of the brainstem during embryogenesis. A number of researchers 

(Barry A., Patten B., Stewart B., 1957) were supporters of the theory of 

disproportionate growth of the neural tube ("Disorganized neural tube growth 

theory"). In 1978, thanks to the studies of H. Nyland and K. Krogness, who described 

reduced sizes of the posterior cranial fossa in five patients with Arnold–Chiari 

malformation, the hypothesis about the significance of delayed growth of the skull 

bones compared to the development of the brain matter was confirmed [18]. Later, 

M. Marin-Padilla, TM Marin-Padilla conducted an experiment (1981): they 

administered high doses of retinol to hamsters in the early stages of pregnancy, 

which led to a developmental disorder of the occipital bone at the stage of 

embryogenesis, which subsequently contributed to a decrease in the size of the 

posterior cranial fossa. In the postnatal period, due to the growth of the cerebellum, 

the caudal part shifted downwards. Thus, the Arnold–Chiari malformation was 

modeled and it was proven that axial skeletal dysraphic disorders are primary in this 

pathology [11]. N. E. Krupina (2003), having analyzed the morphometric parameters 

of magnetic resonance imaging of the brain and spinal cord, craniograms and 

spondylograms in 364 patients with Arnold–Chiari malformation type I, revealed a 

frequent combination of this pathology with bone anomalies: 147 patients were 

diagnosed with craniosynostosis, 94 with basilar impression, 68 with platybasia, 40 

with assimilation of the atlas, all patients had a reduced height of the posterior cranial 

fossa (Claus index),The cranial base angle is increased. After analyzing the obtained 

results, the researcher concluded that the bony anomalies of the vault and base of the 
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skull are primary in relation to Arnold–Chiari malformation type I, they lead to a 

decrease in the size of the posterior cranial fossa. Studying the ratio of the brainstem 

and cerebellum volume to the volume of the posterior cranial fossa in patients with 

Arnold–Chiari malformation type I, M. Nishikawa et al. (1997) discovered a 

disproportion in the form of an increase in this ratio, narrowing of the cerebrospinal 

fluid pathways, and a higher and steeper attachment of the tentorium cerebelli, which 

led to the conclusion about a developmental disorder of the occipital bone with the 

subsequent formation of a "tight" posterior cranial fossa. TH Milhorat (1999) shares 

this opinion after studying the morphometric parameters of the posterior cranial 

fossa in 364 patients. In 2001, Yu.S. Shchigolev and S.N. Larionov put forward their 

theory on the formation of osteoneural disproportion in Arnold–Chiari malformation 

type I, which is based on birth trauma. It is known that Arnold–Chiari malformation 

type I is often combined with hydromyelia, but the data on the frequency are 

contradictory: from 40 to 90% [2,7,8] (Fig. 3). Despite modern diagnostic methods, 

the causes of the occurrence and progression of hydromyelia in Arnold–Chiari 

malformation remain controversial to this day. 

Conclusion. The study of craniovertebral anomalies and Arnold–Chiari 

malformation represents a remarkable journey from early anatomical descriptions to 

modern multidisciplinary analysis involving embryology, radiology, and genetics. 

Over centuries, researchers have progressively refined the understanding of the 

morphogenesis, classification, and pathophysiological mechanisms underlying these 

disorders. Historical data indicate that bone malformations such as basilar 

impression, platybasia, and atlas assimilation play a crucial role in the formation of 

posterior cranial fossa deformities that contribute to cerebellar tonsil descent. 

Despite significant advances in diagnostic imaging, particularly MRI, the etiology 

and pathogenesis of Arnold–Chiari malformation remain subjects of scientific 

debate. Multiple theories — including those of primary hydrocephalus, traction 

mechanisms, and osteoneural disproportion — highlight the multifactorial nature of 

this condition. Modern classifications have helped systematize the complexity of 
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craniovertebral junction anomalies, yet no single hypothesis can fully explain all 

clinical and radiological manifestations. 

Further interdisciplinary research combining neuroimaging, morphometric analysis, 

and molecular genetics is essential to clarify the embryological mechanisms and to 

improve diagnostic precision, prognostic assessment, and surgical planning. 

Understanding the interplay between structural bone development and neural tissue 

adaptation remains key to effective management and prevention of neurological 

complications associated with craniovertebral dysplasia and Arnold–Chiari 

malformation. 
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