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Abstract. Introduction. Due to its complex anatomy and function the craniovertebral
junction (CV]J) is prone to several pathological conditions. The unique topography of
neuro-vascular and bony structures makes surgical management of this area particu-
larly challenging. Methods. A systematic online literature search was conducted in
PubMed, Google Scholar, Scopus, and Web of Science with keywords relating to Chiari
malformation, Wallenberg syndrome, Syringomyelia, and atlantoaxial dislocations.
Results. This paper presents an up-to-date summary of the pathogenesis and surgical
management of Chiari malformation, Wallenberg syndrome, syringomyelia, and atlan-
toaxial dislocation with particular emphasis on developmental and surgical anatomy.
Conclusion. In such complex pathologies of the CV]J, the many factors contributing to
the patient’s condition and the aspects playing a key role in the treatment process are
all difficult to be considered concurrently. A better and universal surgical technique is
impossible to be established.

Keywords: craniovertebral junction, Chiari malformation, Wallenberg syndrome,
syringomyelia, atlantoaxial dislocations, surgical management.

INTRODUCTION

The human head contributes to approximately 6% of total body weight.
Therefore, an average 80 kg male individual carries five kilograms of weight
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at the top of his torso throughout his lifetime (Szczygiet
et al.,, 2020). The cranium transitions through the cranio-
vertebral junction into the spine. Several structures con-
tribute to the junction including 6 joints in total: the
upper joint of the head comprises two atlantooccipital
joints, while the lower joint of the head contains four
joints: two lateral atlantoaxial joints and two median
atlantoaxial joints anterior and posterior (Gworys, 2012,
Standring, 2021) these joints are supported by muscles,
ligaments, and membranes which serve two functions:
allowing movement in the upper cervical region and pro-
tecting vital structures, such as the spinal cord, nerves
and vessels supplying the cerebrum. Both congenital and
acquired diseases develop in this area. The complexity of
the region and its anatomical variability among individu-
als provide challenges to surgical management.

The multistage diagnostic process usually begins
with computer tomography (CT scan imaging), which
has questionable accuracy and poor image resolution
(Takami et al., 2014; Chi et al.,2019). In contrast, mag-
netic resonance imaging (MRI) and its parameters pro-
vide physicians with a more precise image of a patient’s
current stage. A further advantage of MRI is its ability
to depict soft tissue (Winklhofer et al., 2014). A more
invasive diagnostic examination is a myelogram (Kular
& Cascella, 2022). This paper focuses on the pathogen-
esis of diseases of the craniovertebral junction and pro-
vides a comparison of specific procedures which were
performed during each pathological study.

METHODS

This review was based on an internet search of
PubMed, Google Scholar, Scopus, and Web of Science in
order to find pathological cases based on a specific word
search. Word search entries included ‘Chiari malfor-
mation’, ‘Chiari malformation types’, ‘Wallenberg syn-
drome’, ‘lateral medullary syndrome’, ‘posterior inferior
cerebellar artery syndrome’, ‘Syringomyelia’, and ‘atlan-
toaxial dislocations’.

RESULTS
Etiology and classification

Chiari malformation (CM, previously known as
Arnold-Chiari malformation) was first observed and
described by Julius Arnold (1835-1915), a German
pathologist, along with his Austrian colleague Hans
Chiari (1851-1916). They discovered a general deforma-
tion of the hindbrain accompanied by ectopic cerebel-

Katarzyna Siwek et al.

lar tonsils. Currently, CM is classified according to four
types (Table 1). Type 1 is the most prevalent type of
CM, which involves a caudal displacement of the cer-
ebellar tonsils through the foramen magnum. The dis-
placement must be 5mm or greater with no involvement
of spinal herniation to be classified as type 1 CM. Nev-
ertheless, a spinal herniation may also appear in other
types of CM. Another common characteristic of type 1
CM is its late appearance in adolescents, whereas type
2 CM can be diagnosed much earlier. Furthermore,
type 2 CM is typically diagnosed with ectopy of the
cerebellar vermis, fourth ventricle as well as brainstem,
and myelodysplasia. Type 3 and 4 CM are extremely
rare (Kular & Cascella, 2022; Fric et al., 2019; Brito et
al., 2019; Milhorat, 2009). Type 0/0,5 CM has recently
been identified as having no symptoms of type 1 CM
in children, however, in this type, the cerebellar tonsils
wrapped around the medulla oblongata. Type 1.5 com-
bines symptoms of type 1 and 2. Additionally, there is
no evident spine herniation in type 1.5 CM (Fric et al.,,
2019; Morgenstern et al., 2020).

No specific or supported mechanism of the patho-
genesis in CM has been supported by research. Some
arguments purport that CM is a genetic disease with
association with alleles located on the 9th and 15th
chromosomes (Boyles et al., 2006). Alternatively, coun-
terarguments highlight that CM is rarely identified
in families and that late diagnosis in infants may be
asymptomatic (Fric et al., 2019). Although type 2 and 3
CM derive from neuro-ectodermal defects, type 1 CM is
believed to be an effect of a para-axial mesoderm lesion
leading to impaired development of the posterior cranial
fossa. Interestingly enough, type 1 CM can occur along-
side cases in which no cranial hypoplasia is observed,
such as tethered cord syndrome, hydrocephalus, or acro-
megaly (Milhorat, 2009). Thus, CM can be diagnosed as
a secondary condition to other diseases. Iatrogenic CM
has also been reported (Kular & Cascella, 2022).

Table 1. Epidemiology of the craniovertebral junction pathologies.

Disease Epidemiology

Type 1 1 per 1280 live births (Capra et al., 2019)
Chiari Type 2 1 per 1000 live blrtzhosz(21§uhn and Emmady,
malformation

Type 3 51 cases reported (Elbaroody et al., 2021)

Type 4 no data available

60 000 cases a year only in the United
Wallenberg syndrome States (Venti, 2012)
. . 8.4 per 100000 live births (Sharma et al.,

Syringomyelia

2006)
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Wallenberg Syndrome (WS) otherwise known as the
lateral medullary syndrome was first mentioned in 1808
by Gaspard Vieusseux (1746-1814), with a more pre-
cise description of WS being presented by the German
neurologist Adolf Wallenberg (1862-1949) in 1895 (Wal-
lenberg, 1895). Vieusseux described WS as an occlusion
of the vertebral artery or the posterior inferior cerebel-
lar artery (PICA) followed by infarction of the lateral
medulla oblongata (Lui et al., 2022). Lateral medullary
syndrome (LMS) is the non-eponym designation of WS.
In WS the lateral region of the medulla oblongata, poste-
rior to the olivary nucleus is affected.

In order to understand the mechanism of WS a brief
description of PICA is necessary. The posterior inferior
cerebellar artery is a branch of the vertebral artery, aris-
ing 1,6-1,7 cm below the vertebrobasilar junction. The
main trunk of PICA is the source of branches supplying
the lower cerebellar hemispheres, the vermis, the fourth
ventricle, and the tonsils. As mentioned, blood clots can
develop in PICA or even in the vertebral artery. Moreo-
ver, PICA is important when aneurysms are involved
since they are prone to rupture during surgical pro-
cedures (Lui et al., 2022). Risk factors of WS include
hypertension, smoking, diabetes, or arteriosclerosis.
Also, head trauma may contribute to the evolution of
WS, as well as Marfan syndrome, Wegener’s granulo-
matosis, or during a cocaine overdose (Lui et al.,, 2022;
Gasca-Gonzalez et al., 2020)

Syringomyelia which is the subsequent pathology in
focus, is a condition in which a cavity filled with fluid in
the parenchyma of the spinal cord occurs (Wichmann et
al., 2020). It was originally described by Brunner et. al.
in 1688 (Hart, 2014). The fluid-filled cavity is called the
syrinx. A vital aspect of the fluid filling the cavity is that
it is isotonic or close to isotonic with the CSF but with a
much lower protein content (Rusbridge et al., 2006). That
fluid-filled cavities must be separated from protein-filled
tumor cavities which may resemble the syrinx (Rus-
bridge et al., 2006). Specialists describe the syrinx as a
secondary lesion to another aforementioned disease of
CM or myelomeningocele but with higher prevalence as
it is associated with high-energy trauma (Wichmann et
al., 2020; Fischbein et al., 1999). Syringomyelia can also
develop in patients with no history of trauma due to cer-
vical spondylostenosis or arachnoiditis.

Although an accurate mechanism remains unclear,
the consensus is that it is caused by impaired cerebrospi-
nal fluid (CSF) flow and partial obstruction. The theory
of syringomyelia proposes that it occurs due to hyper-
tension in the arachnoid matter the CSF is pumped
through perivascular spaces into the parenchyma and
accumulates in the central canal of the spinal cord. If

the CSF remains in the parenchyme the condition is
called presyrinx (Fischbein et al., 1999). An alternate
theory argues that a cascade of this kind would rather
cause increased pressure on the spinal cord; second, the
differential pressure between the spinal cord and the
subarachnoid space provides the driving force for such
action. However, these theories do not explain the low-
ered protein level in the syrinx. Yet another hypothesis
is described by Clare Rusbridge et al. to explore the rela-
tionship between syringomyelia and the principles of
thermodynamics, specifically investigating fluid dynam-
ics in the context of CM. The authors delve into the
potential implications of fluid flow and energy consid-
erations on the development and progression of syringo-
myelia, providing valuable insights into the underlying
mechanisms of this neurological condition (Rusbridge
et al., 2006). The authors suggested a division between
communicating and non-communicating types of syrin-
gomyelia in reference to the connection between the syr-
inx and the fourth ventricle. The first type is diagnosed
in less than 10% of patients and has received little theo-
retical attention (Rusbridge et al., 2006). However, some
authors have speculated that the first type of syringomy-
elia may run in families (Busis & Hochberg, 1985).

Previous research has highlighted the vital con-
nection between the cervical vertebrae C1 and C2 ver-
tebrae in relation to mobility as well as instability. The
principal joints of this region the atlantooccipital joint
and atlantoaxial joints have various functions. While
the atlantooccipital joint provides a positioning func-
tion, the atlantoaxial joint performs head rotation. That
unfortunately makes it highly prone to any defects and
damages. Some researchers consider that the atlantooc-
cipital joint is a highly vulnerable structure (Goel, 2019;
Salunke, 2018; Ibrahim et al., 2021).

Even small forces like a tap on the head in early
childhood may lead to instabilities and minimal defor-
mation of the upper cervical region (Goel, 2019). Insta-
bility and dislocations are frequently diagnosed in elder-
ly people with weakened muscle tonus and children due
to their smooth and slippery articular cartilages.

These conditions may contribute to the loss of cor-
rect stabilization (Goel, 2019). It has also been observed
that any inborn asymmetry or malformation of the lat-
eral masses of the atlas will lead to increased forces on
one side of the joint (Salunke, 2018). Charles Bell in 1830
described a case in which a patient developed spinal
cord compression secondary to pharyngitis and syphi-
lis (Grisel, 1951). After two more cases of nontraumatic
atlantoaxial dislocations (AAD), it was defined as Gri-
sel syndrome. The mechanism of this condition remains
unknown (Barcelos et al., 2014). Atlantoaxial disloca-
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tions are a frequent outcome of high-energy trauma with
a high mortality rate. Odontoid fracturing often occurs
in such situations (Sanchez-Ortega et al., 2021). Other
risk factors include rheumatoid arthritis, tuberculosis,
Hirayama disease, or myelopathy which is related to the
ossification of the posterior longitudinal ligament (Goel,
2021). Some researchers claim that atlantoaxial insta-
bility itself can cause basilar invagination or the CM
(Wagner et al., 2020). Two classifications of atlantoaxial
dislocations have been developed. The first classification
focuses on the direction and surface of the malformation
therefore we have anterio-posterior dislocation, rotary,
central, and mixed one. The second one is clinically
divided by surgeons into reducible (RAAD) and irreduc-
ible (IAAD) atlantoaxial dislocations.

Symptoms

Since pathologies occurring in the craniovertebral
junction show similarity, they are difficult to distinguish.
Symptoms of CM derive from impaired CSF flow
through a very constricted foramen magnum during any
neck maneuvers. Pain accompanies coughing and sneez-
ing. Suboccipital pain radiates to the frontal and parietal
areas. Other symptoms include nausea and cognitive
disorders. Intracranial pressure can cause disorders of
the autonomic nervous system manifested as loss of con-
sciousness, bradycardia, tinnitus, or swallowing prob-
lems. Children with CM suffer from sleep apnea and dif-
ficulties in food intake due to CNIX and CNX dysfunc-
tion (Kular & Cascella, 2022; Fric et al., 2019).
Nystagmus, dizziness, dysphagia, ataxia, and
Horner’s syndrome occurring on the side of the lesion,
as well as contralateral loss of pain and temperature of
the body and ipsilateral loss of pain and temperature to
the face are signature symptoms of WS. Another notice-
able symptom of WS is hiccupping (Lui et al., 2022; (16)
(17). The progression of WS can be both rapid and grad-
ual. In both cases the symptoms are similar.
Syringomyelia is a disease that can be symptomatic
and asymptomatic. Due to the individual location of
the cysts, the symptoms will vary in intensity and area
of radiation (Wichmann et al., 2020). Generally, patients
experience pain, oversensitivity, impaired muscle func-
tion, and spasticity (Schurch et al., 1996). Some patients
report loss of temperature and nociception but with
intact proprioception and sense of vibration (Wichmann
et al., 2020). Muscular dysfunction of one limb or neuro-
genic bladder is also spotted in patients with syringomy-
elia (La Haye & Batzdorf, 1988). Interestingly, the time
between trauma and the appearance of symptoms varies
from 2 months to even 30 years (Schurch et al., 1996).
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Atlantoaxial dislocations, especially in children tend
to be asymptomatic. This unfortunately delays diagno-
sis and treatment. No specific neurological symptoms
have been assigned to this pathology, but a cock-robin
position of the head can be an indication. In this posi-
tion, the head inclines to one side and tilts to the other
side (Goel, 2019; Stulik et al., 2022). The literature also
mentions acute neck pain and numbness of the limbs
(Ibrahim et al., 2021). Dislocations occurring after high-
impact trauma may cause breathing difficulties (Kol-
jonen & Cheung, 2021; Liu et al., 2022). It is difficult for
patients in the cock-robin position to turn their heads
contralaterally.

Surgical management

As in most spinal defects, a patient’s individual
anatomy and general condition must be taken into
consideration while clinical treatment of CM is being
established. Though surgical management is usually a
method of choice, some ideas of conservative treatment
also occur in literature. This depends on whether the
symptoms exacerbate, or the disease is prone to devel-
opment. The Pediatric Section of the American Asso-
ciation of Neurological Surgeons stated that there is no
need for surgical decompression procedures in asympto-
matic children (Siasios et al., 2012). Conservative treat-
ment includes non-steroidal anti-inflammatory drugs
and muscle relaxants which provide minimal results in
patients with more intensified symptoms.

Surgical procedures aim to re-establish equal pres-
sure between the intracranial subarachnoid space and
the intramedullary area. The cerebral spinal fluid (CSF)
should have normal pressure. The main procedure per-
formed in almost 99% of cases was the posterior fossa
decompression (PFD) which focuses on widening the
cisterna magna with one or two posterior arches of the
cervical vertebrae and opening the dura matter but leav-
ing the cerebellar tonsils in herniation (Fric et al., 2019;
Arnautovic et al,, 2015; Siasios et al., 2012; Lou et al,,
2019). However, this is not a flawless procedure since the
side effects may include cephalomeningitis or CSF leak-
age. Moreover, 17% of patients require repeated surgery
(Lou et al., 2019). To decrease the side effects of PFD, a
posterior fossa reconstruction (PFR) with duroplasty
can be performed in type 1 CM with syringomyelia. An
advantage of PFR is that it does not interfere with the
CSF flow due to the remained continuity of the arach-
noid matter. Currently, there is no consensus on a ‘bet-
ter’ method for PFR. Advantages of PFD include shorter
operating times and lower hospitalization costs. Research
carried out on 582 patients provides information about
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similar outcomes of PFD with or without duroplasty
(Lou et al., 2019; Mohanty, 2019). A less invasive tech-
nique does not involve craniectomy removal of subdural
tonsil herniation with a reconstruction of cisterna magna
in patients with type 1 CM with syringomyelia. However,
some side effects were also observed (Kular & Cascella,
2022; Lou et al., 2019). If the CSF flow does not return
to its proper level after any of those procedures or the
intracranial pressure increases, then a ventriculoperito-
neal shunt is recommended (Fric et al., 2019).

Regarding WS, diagnostic tools are worth men-
tioning. MRI with diffusion-weighted imaging (DWI)
is a prescribed method since it allows early detection
of ischemic lesions (Lui et al., 2022; Heinemann et al.,
2009). Rare cases like vertebral artery dissection can be
dismissed due to the use of a CT or MRI angiogram fol-
lowed by a precise location of the damaged area (Lui et
al., 2022; Saleem & Das, 2022). The best-case prognosis
is where a quick diagnosis is established. Some research
mentions similar steps, beginning with an intravenous
(IV) thrombolysis with IV tissue plasminogen activa-
tor (Lui et al., 2022; Saleem & Das, 2022). Endovascu-
lar revascularization performed with modern devices
is recommended if large intracranial vessels have been
impaired. Patients who have undergone this procedure
tend to have improved recovery (Lui et al., 2022). Sec-
ondary prevention includes statins, antiplatelets (i.e.,
aspirin and antihypertensive drugs).

Using phase-contrast MRI to measure blood flow in
large vessels is considered an optimal diagnostic method
in syringomyelia. A benefit of this method is that it is
free from side effects and provides physicians with quali-
tative and quantitative data. Moreover, it is less invasive
than lumbar puncture or neuroendoscopy (Wichmann
et al., 2020; Fischbein et al., 1999).

Surgical treatment is performed in symptomatic cas-
es in which patients’ mobility is impaired and limited or
where there is inordinate pain. Conservative treatment
is sparsely used in symptomatic cases (Schurch et al.,
1996). An interesting position among surgical maneu-
vers is the syringo-subarachnoid-peritoneal shunt with a
T-tube. According to some authors, this method differs
from syringe-subarachnoidal or syringe-pleural shunts
which are also used to siphon off CSF. Unfortunately, a
drawback of syringe-subarachnoidal or syringe-pleural
shunts is their tendency to fail. In the case of syringe-
pleural shunts repeat surgery may be required within a
year (Kim et al., 2012). Other disadvantages of shunts
are their incidence of displacement and obstruction. For
example, a linear catheter in syringostomia runs a high
risk of dislocation. The method presented in the article
included high perforation of the T-tube and allocation

of only one arm of the tube in the syrinx and the sec-
ond in the subarachnoid space to avoid injuring the spi-
nal cord during its removal. In one patient who received
this treatment, his syrinx decreased with subsequent
improvement in motor function in his upper right arm
(Kim et al., 2012).

Other articles which mention the T-tube as a shunt
of choice do not evaluate any specifics of the proce-
dure. Syringostomia tends to have a positive outcome
in patients most of whom report decreased symptoms
(Schurch et al., 1996). In one of the positions available
after individual assessment doctors performed: suboc-
cipital decompression with partial resection of cerebel-
lar tonsils or C3 through C7 laminectomy with section-
ing the dentate ligament at C3-C4 and lysis of subdural
adhesions or VP shunting. Even though some patients
had suffered from other disorders aside from syringo-
myelia, in most of them, an improvement was observed
(Fischbein et al., 1999). Another research used cyst-to-
peritoneal shunt in most patients all of whom regained
physical strength and their pain decreased (La Haye &
Batzdorf, 1988).

In Goel and Desai’s research, an interesting aspect
was that a syringe-subarachnoidal shunt was used to
treat syringomyelia secondary to CM and basilar invagi-
nation (Goel & Desai, 2000). Here, the shunt was a fun-
damental procedure. Although the operation may suc-
ceed in decreasing the size of the syrinx, symptoms
caused by the pressure on the brainstem and cervical
spinal cord may increase. The authors point out that the
syrinx might have evolved as a protective phenomenon to
protect vital structures prone to any damage because of
the CM and not as a pathological condition (Goel, 2001).

Between 2002-2015, a series of surgical procedures
containing laminectomy, lysis of adhesions, cyst fenes-
tration, and duraplasty was performed in patients with
post-traumatic syringomyelia. The outcome was ambigu-
ous since some patients reported improvement and some
claimed that the symptoms declined (Li et al., 2021).
Patients often required a repeated operation after surgical
management in syringomyelia, in some cases there is a
need for even 10 re-operations when spine fusion is per-
formed. Circumferential spine surgery, lysis of adhesions,
or duraplasty are believed to be the most effective in
decreasing the risk of repeated operation (Li et al., 2021).

Before proceeding with the surgical methods in
atlantoaxial dislocations, some discussion on the aims
of treatment is necessary. The inclination should be
reduced with traction (closed method) and if not pos-
sible by opening the joints (open method). No pressure
on any vital structures should remain post-operation.
Usually, an arthrodesis is recommended (Jain, 2012). In
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most reported cases, a reduction followed by fixation is
performed (Jain, 2012; Stulik et al., 2022).

Among techniques used in RAAD treatment after
the repositioning of the joint and bone graft, is sub-lam-
inar wiring. In this procedure, complications may occur
involving cutting the posterior arch of the atlas with the
wire. Titanium is often used due to its pliability when
compared to steel rods. It should be pointed out that a
fusion from the occiput to C4 should be performed only
when a patient requires it. Another disadvantage of such
fusion from the occiput to C4 is the high force impact-
ing the structures at both ends. The CI-C2 spacer jam-
ming is a further option but should be executed along
with sub-laminar wiring or C1-C2 fusion to strengthen
the connection. A trans-articular screw with sub-lam-
inar wiring by the Magerl technique is also considered
functional, stable, and efficient (Jain, 2012).

Atul Goel proposes that the first approach to reduc-
ing a dislocation can be cervical halter or halo-gravity
traction. If after 3-4 weeks no improvement is observed,
an open procedure can be implemented. The Goel meth-
od allows the patient to have greater freedom of move-
ment in the cervical region (Goel, 2019). This method
has proven to be successful. Prevalent procedures are
C1-C2 posterior fixations executed by transarticular
Magerl or the above-mentioned Goel technique. New
solutions include transpendicular axis mass fixation
and an anterior transarticular fixation with the Vaccaro
method (Sanchez-Ortega et al., 2021).

Not many papers mention the management of atlan-
toaxial instabilities in the Grisel syndrome. In this case,
conservative treatment precedes surgical intervention. A
protocol of conservative treatment in atlantoaxial dislo-
cations is mentioned by Wetzel and La Rocca who dis-
cuss the management of dislocations emerging in chil-
dren in relation to a 7-year-old male patient. Due to the
patient’s age and body build, a fusion would have had a
high risk considering the size of the child’s bones and
soft tissues. The authors mention Menezes who proposes,
in this case, a subtle craniectomy with laminectomy of
the upper cervical region and a bilateral interlaminar
followed by occipital rib graft. This is fixed with a tita-
nium wire (Barcelos et al., 2014).

Harms-Goel and Magerl techniques are mentioned
along with the Wright method in which the screw is
allocated through the lateral masses of the atlas and
intralaminarly of the axis (Marcon et al., 2012). In the
case of IAAD, a transoral odontoidectomy is performed,
although some surgeons prefer a more applicable meth-
od of transoral decompression. A transoral odontoidec-
tomy is aimed at delivering the neurological structures
(Jain, 2012). This procedure has a high risk of CSF leak-
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age and meningitis (Liu et al., 2022). Halo traction and
vest are listed again as ways for managing acute atlan-
toaxial dislocations in children with no guarantee of
reduction. Surgical operations involved here are Magerl,
Harms-Goel technique, and Brooks or Gallie wiring
(Koljonen & Cheung, 2021).

DISCUSSION

Undoubtedly, the complexity of the cranio-vertebral
junction has several drawbacks which need to be con-
sidered before surgery. Their etiology is probably an out-
come of many factors including a genetic base possible
in the development of CM or syringomyelia (Boyles et
al., 2006; Busis & Hochberg, 1985). High-impact trauma,
on the other hand, may contribute to the increase of
syringomyelia or atlantoaxial dislocations (Wichmann
et al., 2020; Fischbein et al.,, 1999; Sanchez-Ortega et al.,
2021). The occurrence of one pathology in this area does
not exclude others. For example, syringomyelia may
be secondary to CM. Symptoms of both diseases often
resemble each other.

As for the treatment, milestone steps have been
made. A posterior fossa reconstruction aims at eliminat-
ing side effects of PFD in CM which is found in the liter-
ature. Nevertheless, many surgeons perform a PFD with
various levels of success (Lou et al., 2019; Mohanty, 2019).

Magnetic resonance imaging with diffusion-weight-
ed imaging (DWI) which is used in Wallenberg syn-
drome diagnostics allows a fast and accurate diagnosis
(Lui et al., 2022; Heinemann et al., 2009). Additionally,
endovascular revascularisation provides a patient with a
higher rate of recovery (Lui et al., 2022).

The treatment of syringomyelia offers several tools
that can be employed in the treatment process. The
syringo-subarachnoid-peritoneal shunt, as the authors
propose, is a questionable option since the obstruction
and moveability of shunts have to be taken into con-
sideration (Kim et al., 2012). Other surgeons perform
a series of cyst-to-peritoneal shunt placements with a
highly positive outcome (La Haye & Batzdorf, 1988).
Laminectomy, lysis of adhesions, cyst fenestration, and
duraplasty used in the treatment of patients found in
one article had questionable results (Li et al., 2021). The
idea that syringomyelia is an evolutionary development
for decreasing pressure still requires more research
(Goel, 2001).

In relation to atlantoaxial dislocation, the Goel and
Magerl method in posterior fixation is often preferred
(Goel, 2019; Koljonen & Cheung, 2021). Other aspects
have been addressed in the medical literature, including
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the unnecessary occiput to C4 fusion which can limit a
patient’s movements. This systematic review found few
papers discussing the treatment of Grisel syndrome. In
relation to children’s atlantoaxial dislocations, Menezes
management has been examined (Barcelos et al., 2014).

CONCLUSIONS

The aim of this paper was to review the surgical
aspects of cranio-vertebral junction pathologies. Current
knowledge of each disease’s etiology and treatments was
included. Although several surgical techniques are cur-
rently in use, more research is necessary to identify any
long-term effects. Fortunately, due to ongoing develop-
ments in medical technology, surgeons have an increas-
ing number of resources to use. A conclusion drawn
from this paper is that a universal technique for correct-
ing pathologies of the craniovertebral junction is not pos-
sible. This is due to the complex nature of pathologies, as
well as various other factors contributing to a patient’s
condition which play a vital role in the treatment process,
and which are difficult to be considered concurrently.

REFERENCES

Arnautovic A, Splavski B, Boop FA, Arnautovic KI.
2015. Pediatric and adult Chiari malformation Type
I surgical series 1965-2013: a review of demograph-
ics, operative treatment, and outcomes. ] Neurosurg
Pediatr. 2015 Feb;15(2):161-77. [PubMed]

Barcelos AC, Patriota GC, Netto AU. 2014. Nontraumatic
atlantoaxial rotatory subluxation: grisel syndrome.
Case report and literature review. Global Spine J.
2014 Aug;4(3):179-86. doi: 10.1055/5-0033-1363936.
Epub 2014 Jan 13. PMID: 25083360; PMCID:
PMC4111947.

Boyles AL, Enterline DS, Hammock PH, Siegel DG, Slif-
er SH, Mehltretter L, Gilbert JR, Hu-Lince D, Ste-
phan D, Batzdorf U, Benzel E, Ellenbogen R, Green
BA, Kula R, Menezes A, Mueller D, Oro’ JJ, Iskandar
BJ, George TM, Milhorat TH, Speer MC.2006. Phe-
notypic definition of Chiari type I malformation
coupled with high-density SNP genome screen
shows significant evidence for linkage to regions on
chromosomes 9 and 15. Am ] Med Genet A.Dec
15;140(24):2776-85. doi: 10.1002/ajmg.a.31546.
PMID: 17103432.

Brito JNPO, Santos BAD, Nascimento IF, Martins LA,
Tavares CB. 2019. Basilar invagination associated
with chiari malformation type I: A literature review.

Clinics (Sao Paulo). 2019;74:e653. doi: 10.6061/clin-
ics/2019/e653. Epub 2019 Apr 8. PMID: 30970117;
PMCID: PMC6448527.

Busis NA, Hochberg FH. 1985. Familial syringomyelia. ]
Neurol Neurosurg Psychiatry. 1985 Sep;48(9):936-8.
doi: 10.1136/jnnp.48.9.936. PMID: 4045487; PMCID:
PMC1028499.

Capra V, Jacomino M, Accogli A, Pavanello M, Zara F,
Cama A, De Marco P. Chiari malformation type I:
what information from the genetics? Childs Nerv
Syst. 2019 Oct;35(10):1665-1671. doi: 10.1007/s00381-
019-04322-w. Epub 2019 Aug 5. PMID: 31385087.

Chi J, Zhang Y, Yu X, Wang Y, Wu C. 2019. Computed
Tomography (CT) Image Quality Enhancement via
a Uniform Framework Integrating Noise Estimation
and Super-Resolution Networks. Sensors (Basel).
2019 Jul 30;19(15):3348. doi: 10.3390/s19153348.
PMID: 31366173; PMCID: PMC6696205.

Elbaroody M, Mostafa HE, Alsawy MFM, Elhawary ME,
Atallah A, Gabr M. Outcomes of Chiari Malforma-
tion III: A Review of Literature. J Pediatr Neuro-
sci. 2020 Oct-Dec;15(4):358-364. doi: 10.4103/jpn.
JPN_135_19. Epub 2021 Jan 19. PMID: 33936298;
PMCID: PMC8078634.

Fischbein NJ, Dillon WP, Cobbs C, Weinstein PR. 1999.
The “presyrinx” state: a reversible myelopathic con-
dition that may precede syringomyelia. AJNR Am ]
Neuroradiol. Jan;20(1):7-20. PMID: 9974051.

Fric R, Ringstad G, Eide PK.2019. Chiari-malformasjon
type 1 - diagnostikk og behandling [Chiari malfor-
mation type 1 - diagnosis and treatment]. Tidsskr
Nor Laegeforen. 2019 Jun 11;139(10). Norwegian.
doi: 10.4045/tidsskr.18.0455. PMID: 31238671.

Gasca-Gonzilez OO, Pérez-Cruz JC, Baldoncini M,
Macias-Duvignau MA, Delgado-Reyes L. 2020.
Neuroanatomical basis of Wallenberg syndrome.
Cir Cir; 88(3):376-382. English. doi: 10.24875/
CIRU.19000801. PMID: 32539005.

Grisel P. Enucleation of the atlas and nasopharyngeal
torticollis. Presse Med. 1951;59:1647-8. [PubMed]
[Google Scholar]

Goel A, Desai K. 2000. Surgery for syringomyelia: an
analysis based on 163 surgical cases. Acta Neurochir
(Wien). 2000;142(3):293-301; discussion 301-2. doi:
10.1007/s007010050038. PMID: 10819260.

Goel A.2001 Is syringomyelia pathology or a natural pro-
tective phenomenon?. ] Postgrad Med ;47:87

Goel A. 2019. Torticollis and rotatory atlantoaxial dis-
location: A clinical review. J Craniovertebr Junc-
tion Spine. 2019 Apr-Jun;10(2):77-87. doi: 10.4103/
jcvis.JCVJS_40_19. PMID: 31404132; PMCID:
PMC6652258.



36

Goel A. 2021. Indicators of atlantoaxial instability. ] Cranio-
vertebr Junction Spine. 2021 Apr-Jun;12(2):103-106.
doi: 10.4103/jcvjs.jcvjs_55_21. Epub 2021 Jun 10.
PMID: 34194154; PMCID: PM(C8214233.

Grisel P. 1951. Enucleation of the atlas and nasopharyn-
geal torticollis. Presse Med. 1951;59:1647-8.

Gworys B. 2014. Kompendium anatomii prawidlowej
czlowieka tom 1

Hart DJ.2014. Encyclopedia of the Neurological Sciences
(Second Edition)

Ibrahim Y, Zhao Y, Liu W, Yuan S, Tian Y, Wang L, Liu
X. 2021. An unusual injury mechanism of atlan-
toaxial dislocation: illustrative case. ] Neurosurg
Case Lessons. 2021 Jun 14;1(24):CASE21134. doi:
10.3171/CASE21134. PMID: 35855094; PMCID:
PM(C9245838.

Jain VK. 2012. Atlantoaxial dislocation. Neurol India
;60:9-17

Kim SH, Choi SW, Youm JY, Kwon HJ.2012. Syrin-
go-subarachnoid-peritoneal shunt using T-tube
for treatment of post-traumatic syringomyelia. J
Korean Neurosurg Soc. 2012 Jul;52(1):58-61. doi:
10.3340/jkns.2012.52.1.58. Epub 2012 Jul 31. PMID:
22993681; PMCID: PMC3440506.

Koljonen PA, Cheung KM.2021. Concomitant atlantoax-
ial and atlanto-occipital rotatory dislocation in chil-
dren: Radiological features, diagnostic pitfalls, and
long-term outcome. Journal of Orthopaedic Surgery.
2021;29(1_suppl). doi:10.1177/23094990211015502

Kuhn J, Emmady PD. Chiari II Malformation. In: Stat-
Pearls. StatPearls Publishing, Treasure Island (FL);
2022. PMID: 32491430.

Kular S, Cascella M. 2022. Chiari I Malformation.
[Updated 2022 Feb 5]. In: StatPearls [Internet].
Treasure Island (FL): StatPearls

La Haye PA, Batzdorf U. 1988. Posttraumatic syringo-
myelia. West ] Med. 1988 Jun;148(6):657-63. PMID:
3176472; PMCID: PMC1026203.

Li YD, Therasse C, Kesavabhotla K, Lamano JB, Gan-
ju A. 2021. Radiographic assessment of surgi-
cal treatment of post-traumatic syringomyelia. |
Spinal Cord Med. 2021 Nov;44(6):861-869. doi:
10.1080/10790268.2020.1743086. Epub 2020 Mar 30.
PMID: 32223591; PMCID: PMC8725754.

Liu HD, Li N, Miao W, Su Z, Cheng HL. 2022. Traumatic
posterior atlantoaxial dislocation without fracture
of the odontoid process: illustrative case. ] Neuro-
surg Case Lessons. 2022 Nov 7;4(19):CASE22330.
doi: 10.3171/CASE22330. PMID: 36345203; PMCID:
PM(C9644412.

Lou Y, Yang J, Wang L, Chen X, Xin X, Liu Y. 2019. The
clinical efficacy study of treatment to Chiari malfor-

Katarzyna Siwek et al.

mation type I with syringomyelia under the minimal-
ly invasive surgery of resection of Submeningeal cere-
bellar Tonsillar Herniation and reconstruction of Cis-
terna magna. Saudi J Biol Sci. 2019 Dec;26(8):1927-
1931. doi: 10.1016/j.sjbs.2019.07.012. Epub 2019 Jul
25. PMID: 31885484; PMCID: PMC6921303.

Lui F, Tadi P, Anilkumar AC. 2022. Wallenberg Syn-
drome. Oct 21. In: StatPearls [Internet]. Treasure
Island (FL): StatPearls Publishing; 2022 Jan. PMID:
29262144.

Marcon RM, Cristante AF, Teixeira W], Narasaki DK,
Oliveira RP, de Barros Filho TE. 2013. Fractures
of the cervical spine. Clinics (Sao Paulo). 2013
Nov;68(11):1455-61. doi: 10.6061/clinics/2013(11)12.
PMID: 24270959; PMCID: PMC3812556.

Milhorat TH, Nishikawa M, Kula RW, Dlugacz YD.
2010. Mechanisms of cerebellar tonsil herniation
in patients with Chiari malformations as guide to
clinical management. Acta Neurochir (Wien). 2010
Jul;152(7):1117-27. doi: 10.1007/s00701-010-0636-
3. Epub 2010 May 4. PMID: 20440631; PMCID:
PMC2887504.

Mohanty A. 2019. Chiari I malformation: Surgical con-
siderations. Neurol India 2019;67:662-3

Morgenstern PF, Tosi U, Uribe-Cardenas R, Greenfield
JP.2020. Ventrolateral Tonsillar Position Defines Nov-
el Chiari 0.5 Classification. World Neurosurg. 2020
Apr;136:444-453. doi: 10.1016/j.wneu.2020.01.147.
PMID: 32204296.

Rusbridge C, Greitz D, Iskandar BJ. 2006, Syringomyelia:
Current Concepts in Pathogenesis, Diagnosis, and
Treatment. Journal of Veterinary Internal Medicine,
20: 469-479. doi: 10.1892/0891-6640(2006)20[469:scc
ipd]2.0.co;2. PMID: 16734077.

Saleem FM, Das J. 2022. Boczny zespo6l rdzeniasty.
StatPearls [Internet]. Treasure Island (Floryda):
Wydawnictwo StatPearls; -https://www.ncbi.nlm.nih.
gov/books/NBK551670/

Salunke P.2018. Congenital Atlantoaxial Dislocation:
Nature’s Engineering Gone Wrong and Surgeon’s
Attempt to Rectify It. ] Pediatr Neurosci. 2018 Jan-
Mar;13(1):1-7. doi: 10.4103/JPN.JPN_73_17. PMID:
29899764; PMCID: PMC5982474.

Sanchez-Ortega JE Vazquez A, Ruiz-Ginés JA, Matovelle
PJ, Calatayud JB.2021. Longitudinal atlantoaxial
dislocation associated with type III odontoid frac-
ture due to high-energy trauma. Case report and
literature review. Spinal Cord Ser Cases. 2021 May
25;7(1):43. doi: 10.1038/s41394-021-00407-4. PMID:
34035212; PMCID: PMC8149632.

Schurch B, Wichmann W, Rossier AB. 1996. Post-trau-
matic syringomyelia (cystic myelopathy): a prospec-



Developmental and surgical anatomy of pathologies of the craniovertebral junction 37

tive study of 449 patients with spinal cord injury. J
Neurol Neurosurg Psychiatry. 1996 Jan;60(1):61-7.
doi: 10.1136/jnnp.60.1.61. PMID: 8558154; PMCID:
PMC486191.

Sharma, M., Coppa, N., & Sandhu, F. A. (2006). Syringo-
myelia: A Review. Seminars in Spine Surgery, 18(3),
180-184. d0i:10.1053/j.semss.2006.06.008

Siasios ], Kapsalaki EZ, Fountas KN. 2012. Surgical man-
agement of patients with Chiari I malformation. Int J
Pediatr. ;2012:640127. doi: 10.1155/2012/640127. Epub
2012 Jun 28. PMID: 22811732; PMCID: PM(C3395248.

Standring, S. (Ed.). (2021). Gray’s Anatomy (42nd ed.).
Elsevier.

Stulik J, Rybdrovd M, Barna M, Klézl Z. 2022. Atlan-
toaxial rotatory dislocation: Surgical treatment in
a pediatric patient cohort. Brain Spine. 2022 Nov
1;2:101667. doi: 10.1016/j.bas.2022.101667. PMID:
36506286; PMCID: PMC9729819.

Szczygiel E, Fudacz N, Golec ], Golec E.2020. The impact
of the position of the head on the functioning of the
human body: a systematic review. Int ] Occup Med
Environ Health. 2020 Sep 17;33(5):559-568. doi:
10.13075/ijomeh.1896.01585. Epub 2020 Jul 23. PMID:
32713947.

Takami M, Nohda K, Sakanaka J, Nakamura M, Yoshida
M.2014. Usefulness of full spine computed tomog-
raphy in cases of high-energy trauma: a prospective
study. Eur J Orthop Surg Traumatol. 2014 Jul;24 Sup-
pl 1:5167-71. doi: 10.1007/s00590-013-1268-0. Epub
2013 Jul 6. PMID: 23832413.

Ueda M, Nishiyama Y, Abe A, Katayama Y. 2013.
Hemorrhagic Wallenberg syndrome. Intern Med.
2013;52(20):2383-4. doi: 10.2169/internalmedi-
cine.52.1141. PMID: 24126409.

Venti M, Cerebellar infarcts and hemorrhages. Fron-
tiers of neurology and neuroscience. 2012; [PubMed
PMID: 22377889]

von Heinemann P, Grauer O, Schuierer G, Ritzka M,
Bogdahn U, Kaiser B, Schlachetzki E 2009. Recurrent
cardiac arrest caused by lateral medulla oblongata
infarction. BMJ Case Rep.;2009:bcr02.2009.1625. doi:
10.1136/bcr.02.2009.1625. Epub 2009 Oct 12. PMID:
21991295; PMCID: PMC3027905.

Wagner A, Grassner L, Kégl N, Hartmann S, Thomé C,
Wostrack M, Meyer B.2020. Chiari malformation type
I and basilar invagination originating from atlantoax-
ial instability: a literature review and critical analysis.
Acta Neurochir (Wien). 2020 Jul;162(7):1553-1563.
doi: 10.1007/s00701-020-04429-z. Epub 2020 Jun 6.
PMID: 32504118; PMCID: PMC7295832.

Wallenberg, A. (1895). Die akute Bulbérparalyse: Eine
Monographie [Acute Bulbar Paralysis: A Monograph].

Wichmann TO, Pedersen M, Ringgaard S, Rasmussen
MM.2022. Cerebrospinal fluid flow dynamics and
the potential of phase-contrast MRI in syringomyelia.
Ugeskr Laeger. 2020 May 5;182(22):V12190730. Dan-
ish. PMID: 32515330.

Winklhofer S, Thekkumthala-Sommer M, Schmidt D,
Rufibach K, Werner CM, Wanner GA, Alkadhi H,
Hodler ], Andreisek G.2013. Magnetic resonance
imaging frequently changes classification of acute
traumatic thoracolumbar spine injuries. Skeletal
Radiol. Jun;42(6):779-86. doi: 10.1007/s00256-012-
1551-x. Epub 2012 Dec 27. PMID: 23269516.



	On the connectivity in the central nervous system and the age-induced changes of its network organization
	Diego Guidolin1,*, Cinzia Tortorella1, Raffaele De Caro1, Luigi F. Agnati2
	Wandering gallbladder wrapping hepatoduodenal ligament and mimicking gastrointestinal stromal tumor at imaging. Case report and literature review
	Silvia Malerba, Giuliana Rachele Puglisi, Piercarmine Panzera, Alessandro Pasculli, Francesco Paolo Prete, Angela Gurrado, Mario Testini*
	Megaureter and hydronephrosis: Consequences of ureteric dysfunction
	Cheryl Melovitz-Vasan1, Amanda McBride1, Susan Huff2, Nagaswami Vasan1,*
	Developmental and surgical anatomy of pathologies of the craniovertebral junction: a much-needed problematization of efficacy and long-term outcomes
	Katarzyna Siwek1, Wiktoria Wieczorek6, Marcelina Łopińska2, Katarzyna Polak-Boroń2, Arthur Saniotis3,4, Francesco M. Galassi3,5,*, Małgorzata Suchanecka1
	Special Issue PhD course in Innovative Technologies in Clinical Medicine & Dentistry (University G. d’Annunzio, Chieti-Pescara)
	Prevalence and localization of Canalis Sinuosus: a mini review
	Francesca Angiolani*, Maurizio Piattelli, Fabiola Rinaldi, Oriana Trubiani, Giuseppe Varvara
	Volumetric evaluation of maxillary sinuses using CBCTS: radiographic study
	Fabiola Rinaldi1,*, Maurizio Piattellli1, Francesca Angiolani1, Sara Bernardi2, Elena Rastelli2, Giuseppe Varvara1
	First year of life: the Golden Age of gut microbiota
	Mariangela Mazzone*, Maria C. Di Marcantonio, Gabriella Mincione, Raffaella Muraro
	A mini-review: valuable allies for human health: probiotic strains of Limosilactobacillus reuteri
	Beatrice Marinacci1,2,*, Benedetta Pellegrini1, Stefan Roos3,4
	A mini-review on different polymerization protocols for resin-based dental composites
	Edoardo Sorrentino1,*, Ylenia Della Rocca1, Guya Diletta Marconi1, Giovanna Iezzi2, Oriana Trubiani1, Camillo D’Arcangelo2, Francesco De Angelis2, Francesca Diomede1
	Role of toll-like receptor signaling pathway in a rat model of spinal cord injury: a transcriptomic analysis
	Simone D’Angiolini1,2,*, Oriana Trubiani1, Emanuela Mazzon2
	Effects of temperature on presepsin assessment in biological fluids
	Valentina Botondi1, Ebe D’Adamo1, Oriana Trubiani2, Diego Gazzolo1
	Antibacterial activity of titanium nitride coating: a mini review
	Stefano Oliva1,*, Oriana Trubiani1, Maurizio Piattelli1, Mario Capogreco2, Giovanna Murmura1
	Modulation of inflammatory pathway in human gingival fibroblasts exposed to resinous materials
	Antonella Mazzone1,*, Ylenia Della Rocca1, Jacopo Pizzicannella2, Francesca Diomede1, Guya Diletta Marconi1, Oriana Trubiani1
	Twin pregnancies and maternal cardiovascular function: literature review and future prospects
	Melissa Foglietta1,*, Francesco D’Antonio2, Sante Donato Pierdomenico1, Elena Bacigalupi3, Jacopo Pizzicannella4
	Reprogramming methods for induced pluripotent stem cells generation
	Ylenia Della Rocca1,*, Antonella Mazzone1, Jacopo Pizzicannella2, Guya Dilletta Marconi1, Oriana Trubiani1, Francesca Diomede1
	Motor behavioural tests for phenotype evaluation of mouse models of ataxia: the case of Marinesco-Sjögren Syndrome
	Anna Giulia Ruggieri, Michele Sallese*
	Artificial intelligence and finite element analysis: applications in implant dentistry
	Francesco Valente1,2,*,A, Luigi Falconio1,2,A, Cristina Falcinelli3, Sandipan Roy4, Oriana Trubiani1,2, Tonino Traini1,2
	STING agonists in cancer immunotherapy: a brief review
	Martina Ceci1,3,*, Marco Trerotola1,2, Manuela Iezzi1,3
	Clinical efficacy of cord blood platelet gel in chronic limb-threatening ischaemia patients: a case series
	Giovanni Mastrangelo1,2,*, Michele Santodirocco3, Luigi Semerano1, Giancarlo Palena1, Vincenzo Sciannelli1, Gabriele Magistro1, Roberto Marinucci1, Pierluigi Di Sebastiano2, Vincenzo Palazzo1 
	Anti-Inflammatory effect of the Saffron Stigma and Saffron Petal Extract on LPS stimulated human Caco-2 cell by transductional signal modulation of FBW7/IKBα
	Federica De Cecco1,2,*, Sara Franceschelli2,3, Valeria Panella2, Maria Maggi4,5, Silvia Bisti6, Lorenza Speranza2,3
	Use of cadaveric stem cells: analysis of literature
	Martina Bonelli1,*, Antonio M. Catena2, Tiziana Pietrangelo3, Marcello Locatelli4, Oriana Trubiani5, Cristian D’Ovidio1
	Ambulatory blood pressure and risk of heart failure: a mini-review 
	Francesca Coccina1,2,*, Rosa Scurti2, Oriana Trubiani1, Sante D. Pierdomenico1
	The implant loading influence on crestal bone remodelling around hybrid titanium implants: a prospective clinical study
	Luigi Falconio1,2,*,A, Francesco Valente1,2,A, Luan Mavriqi3, Oriana Trubiani1,2, Tonino Traini1,2

