World Neurosurgery: X 21 (2024) 100252

Contents lists available at ScienceDirect

@RI

NEURDSURGERY:@

World Neurosurgery: X

FI. SEVIER

journal homepage: www.journals.elsevier.com/world-neurosurgery-x

Check for

Neuro-cranio-vertebral syndrome related to coccygeal dislocation: A e
preliminary study

Miguel B. Royo-Salvador , Marco V. Fiallos-Rivera, Pamela Villavicencio

Institut Chiari & Siringomielia & Escoliosis de Barcelona, Paseo Manuel Girona 32, 08034, Barcelona, Spain

ARTICLE INFO ABSTRACT

Keywords:

Coccygeal dislocation
Neuro-cranio-vertebral syndrome
Sacrococcygeal angle
Intercoccygeal angle

Background: Neuro-cranio-vertebral syndrome (NCVS) includes a set of idiopathic diseases: Arnold-Chiari syn-
drome type 0,1 and 1.5, idiopathic scoliosis, and idiopathic syringomyelia. It is caused by the pathological
traction transmitted by the filum terminale on the neuraxis. Considering that the filum terminale is inserted at
sacrococcygeal level, it is logical to think that an alteration of this segment’s anatomy, such as an anterior coccyx
dislocation, can increase the tension exerted by the filum terminale on the neuraxis, which in turn triggers NCVS.
Methods: We collected data from 372 patients with NCVS and 15 patients with coccygeal dislocation and NCVS
from our database. We analyzed the relationship between the sacrococcygeal and intercoccygeal angles with
signs, symptoms and associated diagnoses. T-tests for independent samples and linear regression were used for
analysis (p <0.05). We describe the MRI findings and clinical features of NCVS caused by coccygeal dislocation
and compare its prevalence with that of a sample without coccygeal dislocation.

Results: 65% of the signs, symptoms, and imaging features were present in similar proportions in both samples.
There was a similar prevalence of cerebellar tonsillar descent and scoliosis in both groups, whereas the incidence
of syringomyelia differed. A sacrococcygeal angle between 89-110° prevails in cases of syringomyelia while an
intercoccygeal angle between 90-140° prevails in cases with cerebellar tonsillar descent.

Conclusions: The high clinical and radiological prevalence of coccygeal dislocation in patients with Neuro-cranio-
vertebral syndrome suggests an association between them. The mechanism involved in coccygeal dislocation can
directly influence the development of Neuro-cranio-vertebral syndrome.

1. Introduction sensitivity or pain upon rectal palpation of the coccyx, and frequently

allows detection of an abnormally mobile coccygeal segment™>%%11:12 or

A Coccygeal Dislocation (CD) implies a misalignment of the coccy-
geal segments in the coccygeal and sacrococcygeal joint with the sac-
rococcygeal segments.

Fracture-dislocation, on the other hand, implies an interruption in
the alignment with a fracture of the involved bones, as per the publi-
cations that have been found on the Salter-Harris type I coccyx frac-
ture."? Coccygeal dislocations and fracture-dislocations are generally
related to a traumatic injury, such as a fall, pressure on the coccyx
during childbirth, or repetitive trauma from activities such as cycling.' ®
Nevertheless, 33.33 % of cases are idiopathic.°

CD usually causes acute pain in the coccyx (Coccydynia), first
described by Simpson in 1859,” which worsens in a sitting position,®
when leaning backward, standing up from a sitting position,”'® during
defecation and sexual intercourse.'! Physical examination shows

lump.>°

Although the cause of Coccydynia can vary, in the case of CD or
fracture-dislocations, patients usually present with a history of acute
trauma at least six months prior to the initial consultation,>>' although
this can vary up to six years.” Coccydynia can also be caused by a
degenerative “wear and tear” of the ligaments and of other protective
tissues that are necessary for joint stability.”’ Some authors have
described that coccyx hypermobility, with a coccygeal flexion of more
than 25° when the patient is seated, may cause Coccydynia.' Tailbone
dislocations are often due to “dynamic instability,” which occurs only
when weight is placed on the coccyx. This is an important distinction
because standard X-rays of the coccyx often do not show CD.’

Most of the current literature on CD consists of case reports, as the
research on coccygeal instability is scarce. Most publications emphasize

Abbreviations: CD, Coccygeal dislocation; FM, Foramen magnum; MRI, Magnetic resonance imaging; NCVS, Neuro-cranio-vertebral syndrome.
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the presence of Coccydynia in CD, whether idiopathic or traumatic.
1.1. Diagnosis coccygeal dislocations

Lateral-view X-rays are used to diagnose CD,”'! although they may
go unseen. For this reason, a dynamic X-ray is used to view coccyx
displacement when comparing standing and sitting positions.®°
Computerized tomography is also used for the diagnosis of CD and
fracture-dislocation, although it exposes the pelvic/reproductive organs
to radiation. Posterior dislocation has been proven to be more common
than anterior dislocation.’

Magnetic resonance imaging (MRI) has been clinically useful in the
diagnosis of CD, allowing it to differentiate from other etiologies that
can cause Coccydynia.'! However, CD is usually easy to diagnose, thus
reducing the need for magnetic resonance imaging, which is more
commonly used to check for fusion after treatment.”

1.2. Treatment of coccygeal dislocations

The usual CD treatment is conservative and includes antalgic and
anti-inflammatory therapy, rest, and avoiding pressure in the coccyx
area, all of which are generally successful in the elimination of Coccy-
dynia.”'® However, several cases of chronic Coccydynia resistant to
treatment have been described, in which resection of the coccyx is
applied. A higher success rate is observed with the disappearance of
Coccydynia in cases of total coccygectomy.'* Partial coccyx resection is
considered when the sacrococcygeal joint is fused or appears normal.

In cases of neurological deficits, decompression and stabilization of
the area have been proposed’; however neurological involvement is not
usually associated with dislocations in the lower part of the sacrum or in
the sacrococcygeal joint. These consequences are related to proximal
dislocations or fractures in the sacrum. Neurological deficits include
cauda equina syndrome and sphincter dysfunctions.'>*®

1.3. Relationship between the Neuro-cranio-vertebral syndrome and
coccygeal dislocation

The concept of spinal cord traction syndrome was first described by
Garceau et al in 1953,'7 and we have since developed and redefined this
concept by reformulating a new theory called Neuro-cranio-vertebral
syndrome (NCVS), and filum disease. NCVS results from an acquired
abnormal traction on the neuraxis, whereas filum disease results from
congenital abnormal traction.'®

The review of current publications does not associate cases of coccyx
dislocation or fracture-dislocation with neurological involvement.
However, research carried out at our center suggests that CD or hyper-
mobility of the coccyx may influence the tension of the filum terminale,
resulting in traction of the filum terminale and related neurological and
morphological consequences. Thus, some cases of NCVS are likely to
occur because of CD.

The objectives of this study were fourfold.

1. To describe the clinical picture, including imaging results, of cases
with coccygeal dislocation and Neuro-cranio-vertebral syndrome.

2. To compare the clinical and radiological pictures of 15 cases with
coccygeal dislocation and Neuro-cranio-vertebral syndrome to 372
cases with Neuro-cranio-vertebral syndrome alone.

3. To compare the coccygeal dislocation angulation grade with the
clinical prevalence of Neuro-cranio-vertebral syndrome.

4. To propose a theoretical model that explains Neuro-cranio-vertebral
syndrome triggered by coccygeal dislocation.

2. Methods

A sample of 15 cases diagnosed with CD was obtained from our
center’s database from December 2013 to March 2020. A separate
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sample of 372 patients with NCVS was obtained from our center’s
database from April 2009 to December 2015.

Magnetic resonance imaging and complete spine radiography were
used to diagnose NCVS, and the analysis was carried out following the
criteria listed in Table 1.

Sacrococcygeal and intercoccygeal angles were measured using the
OsiriX® program (Geneva, Switzerland). To identify the sacrococcygeal
angle, we drew a line between the midpoint of the upper borders of the
first sacral segment and the first coccygeal segment, with a line between
the first coccygeal segment and the tip of the coccyx.® Normal sacro-
coccygeal angles were 168° for males and 164° for females. The inter-
coccygeal angle was set as the intersection between the middle of the
first and last coccygeal segments in the median plane, and normal values
were considered to be 138° for males and 147° for females.® A
description of the variables analyzed is presented in Table 2.

The general data, clinical symptoms, clinical signs, and imaging
features of each patient were stored in a digital database (FileMaker Pro
Advanced 11.0v2, FileMaker, Inc. Santa Clara, CA, USA). The data were
exported to a Microsoft Excel 2011 spreadsheet for Mac version 14.1.0
(Microsoft Corporation, Redmond, WA, USA), and then to SPSS version
21 (IBM Corporation, Armonk, NY, USA). Descriptive statistics were
used to describe the clinical pictures of the CD cases. After assuming a
normal distribution, the means between samples were compared with an
independent samples t-test (p < 0.05), and linear regressions (p < 0.05)
were used to identify the relationship between the sacrococcygeal and
intercoccygeal angles and signs and symptoms, as well as radiological
signs.

3. Results

3.1. Analysis of 15 cases with coccygeal dislocation and Neuro-cranio-
vertebral syndrome

3.1.1. Signs & symptoms

We conducted a retrospective study of 15 patients (14 females and 1
male) aged between 11 and 54 years. All the patients were diagnosed
with CD. 80 % of the patients were diagnosed with descent of the
cerebellar tonsils, 33 % had idiopathic scoliosis, and 26 % had idiopathic
syringomyelia. 53 % reported a history of trauma with an impact on the
gluteal region. The signs and symptoms of the 15 patients are reported in
Table 3, with the most common being altered plantar and deep tendon
reflexes, altered grip strength, and hypoesthesia.

We found a weak but significant association between CD and altered

Table 1

Imaging criteria for the diagnosis of Neuro-cranio-vertebral syndrome. Where
FM: foramen magnum. From ‘The Filum disease and the Neuro-Cranio-vertebral
syndrome: definition, clinical

picture and imaging features’. Royo-Salvador et al. BMC Neurology (2020)
20:175.

Level of conus Level of descent Syringomyelia Scoliosis
medullaris cerebellar tonsils
1. D12-L1 0. None 0.None 0. None
2. L1 upper 1/3 1. FM-C1 upper 1/3 1. Less than a vertebral 1. Mild
segment

3.L1 medium1/  2.FM-C1 medium 1/3 2. 1-2 vertebral 2.

3 segments Moderate
4. L1 lower 1/3 3. FM-C1 lower 1/3 3. 2-4 vertebral 3. Severe

segments
4. More than 5
vertebral segments

5.L1-L2 4. Between C1 upper
and lower border
5. Below C1 lower

border

6. L2 upper 1/3

7.L2 medium 1/
3

8. L2 lower 1/3

9. Below L2
lower border
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Table 2

Description of the variables analyzed. * For statistical analysis, the value “pre-
sent” has been assigned to the SYMPTOM variable if the patient reports any of
the symptoms. If no symptoms are reported, the value assigned to the SYMPTOM
variable is “absent”. ** Decreased reflex, muscle contraction can be palpated but
not visible/Very lively reflex even with small stimuli, can be accompanied by
clonus. ***Difference perceived by the patient when applying cold and punch in
26 anatomical regions symmetrically in each hemibody. ****Decreased reflex,
muscle contraction can be palpated but not visible/Very lively reflex even with
anterior wall of the belly, a contraction of the abdominal muscles on the same
side is produced and the belly is retracted. There are three abdominal reflexes:
the superior or epigastric (above the navel), the middle (at the umbilical level)
and the inferior (below the navel); pathologically, these reflexes may be exag-
gerated (hyperreflexia) or decreased (hyporeflexia).

NEUROLOGICAL SYMPTOM FINDINGS*

Headache Frequency, location and intensity
Tinnitus Uni or bilateral

Dizziness Subjective/objective vertigo
Dysphagia Solids, liquids or both

Cervical spine pain Frequency, location and intensity
Upper back pain

Low back pain

Paresthesias paresthesias in at least one limb

Gait balance
Sphincter disorder
Loss of limb strength

straight or lateralized gait

Incontinence, urgency, pollakiuria

Patient’s subjective strength loss feeling or

clumsiness

Upper/lower deep tendon hypo/hyperreflexia in one or both extremities**
reflexes

Thermal dysesthesia

Thermal dysesthesia

Deep tendon reflexes

Dysesthesia***in more than 70 % of total
anatomical regions explored
hypo/hyperreflexia in one or both
extremities****

hypo/hyperreflexia and/or asymmetry*****
Babinski’s sign or indifferent

Unilateral or bilateral decrease below the 10th
centile of the corresponding age and gender
group

Abdominal skin reflex

Plantar skin reflex

Grip strength measurement with
Jamar dynamometer

Table 3
Pathological signs & symptoms prevalence in 15 cases with Coccygeal Dislo-
cation (CD).

Signs & Symptoms Frequency (%)

Plantar reflexes 100
Deep tendon reflexes upper extremities 100
Deep tendon reflexes lower extremities 93
Handgrip strength 93
Tactile sensitivity 93
Thermal sensitivity 73
Abdominal reflexes 67
Headache 100
Neck pain 93
Upper back pain 80
Lower back pain 80
Dizziness 80
Loss of strength upper extremities 73
Loss of strength lower extremities 73
Tinnitus 60
Dysphagia 53
Gait balance 53
Sphincters 40

cutaneous plantar reflexes (p = .02, r = .12), altered tactile sensitivity (p
= .02, r = .12), and decreased grip strength (p = .04, r = .10). We also
found an association between patients with a sacrococcygeal angle of
100-110° and altered gait (p = .02, r = .58). There was an association
between intercoccygeal angles in the range of 110-140° and altered
plantar reflexes (p = .02, r = .12), decreased grip strength (p = .046, r =
.10), and altered tactile sensitivity (p = .02, r = .12). Intercoccygeal
angles between 90 and 109° were associated with a sensation of loss of
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strength in the lower extremities (p = .04, r = .10).

3.1.2. Imaging results

In 60 % of cases, CD was identified between the first and last
coccygeal vertebrae. In the remaining 40 % of the cases, CD was iden-
tified between the sacral and coccygeal vertebrae. Only 27 % of the cases
presented with intramedullary cysts. The details of the imaging results
for each case are outlined in Table 4, and images of various inter-
coccygeal angles are displayed in Fig. 1.

We found a moderate association between the sacrococcygeal angle
and syringomyelia when the angle was in the range of 100-110° (p =
.03, r =.53), and in the range of 89-99° (p = .04, r = .56). On the other
hand, we found that the intercoccygeal angle was associated with the
descent of the cerebellar tonsils when it had an angle between 90 and
109° (p = .04, r = .54), as well as when the angle was between 110 and
140° (p = .04, r = .54).

Dorsal-lumbar scoliosis was the most common spinal deviation in
this group (Fig. 2).

Discopathies were detected at a higher incidence in the cervical (80
%) and lumbar (73 %) regions than in the thoracic region (40 %).

Comparison of 15 cases with coccygeal dislocation and Neuro-
cranio-vertebral syndrome with 372 cases with Neuro-cranio-vertebral
syndrome.

The symptomatology comparison between the 15 patients with CD
and 372 patients with NCVS is presented in Fig. 3. The predominant
spinal symptoms in both groups were neck pain, upper and lower back
pain, altered gait balance, sensation of loss of strength in the upper and
lower extremities, and altered sphincter function. The predominant
cranial symptoms were headache, tinnitus, dysphagia, and lack of
balance.

A comparison of neurological signs is shown in Fig. 4, with the most
predominant being altered plantar and deep tendon reflexes, loss of
handgrip strength, altered tactile and thermal sensitivity, and altered
abdominal reflexes.

Signs, symptoms, and imaging features were present in 65 %, in
similar proportions in both the groups. These included the following:
altered balance (p = .91), dysphagia (p = .23), tinnitus (p = .29),
lumbosacral pain (p = .51), loss of strength in the upper extremities (p =
.06), loss of strength in the lower extremities (p = .15), descent of
cerebellar tonsils (p = .97), syringomyelia (p = .05), altered sphincters
(p = .40), altered gait (p = .27), scoliosis (p = .49), altered tendon re-
flexes in lower extremities (p = .16), altered abdominal cutaneous re-
flexes (p = .90), altered plantar cutaneous reflexes (p = .08), and altered
thermal sensitivity (p = .71).

Signs, symptoms, and imaging features analyzed were present in 35
%, with different proportions between the groups. These included the
following: headache (p = 0.00), neck pain (p = .00), mid-back pain (p =
.04), extent of syringomyelia (p = .00), level of conus medullaris (p =
.00), altered tendon reflexes in upper extremities (p = .00), loss of
handgrip strength (p = .05), altered tactile sensitivity (p = .00).

The prevalence of scoliosis and descent of the cerebellar tonsils was
>70 % in both groups. The prevalence of syringomyelia differed be-
tween the groups, although the difference was not significant (p = .05),
with a greater incidence in the group of patients with NCVS. The pres-
ence of syringomyelia, descent of cerebellar tonsils, and scoliosis in each
group is outlined in Table 5.

4. Discussion
4.1. Neuro-cranio-vertebral syndrome

NCVS is a redefined and updated spinal cord traction syndrome that
includes Arnold-Chiari syndrome type 1, and/or idiopathic syringomy-
elia, and/or idiopathic scoliosis, with signs and symptoms common to
these diseases.'® Considering that NCVS is a pathological process of
multifactorial acquired etiology (tumor, infection, trauma, vascular
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Table 4

Summary of the main imaging findings for 15 patients with CD.
Case  Level of conus medullaris ~ Level of descent cerebellar tonsils Degree of syringomyelia Degree of scoliosis ~ Sacrococcygeal angle  Intercoccygeal angle
1 L1 lower 1/3 FM-C1 lower 1/3 None Moderate 90° 117°
2 L1 lower 1/3 FM-C1 lower 1/3 None None 90° 129°
3 L1-1L2 Between C1 upper and lower border ~ More than 5 vertebral segments ~ Mild 100° 137°
4 L1-L2 FM-C1 medium 1/3 None None 100° 114°
5 L1-L2 Between C1 upper and lower border ~ None Mild 90° 93°
6 L1-12 Between C1 upper and lower border ~ None Moderate 91° 118°
7 L2 upper 1/3 FM-C1 lower 1/3 1-2 vertebral segments None 106° 109°
8 L2 medium 1/3 None None Moderate 94° 94°
9 L2 lower 1/3 FM-C1 medium 1/3 None Mild 92° 113°
10 L1-L2 a More than 5 vertebral segments  Severe 124° 104°
11 L1-L2 None None Moderate 100° 103°
12 Below L2 lower border FM-C1 medium 1/3 None Mild 90° 114°
13 L1 medium 1/3 None 2-4 vertebral segment Moderate 109° 109°
14 L2 upper 1/3 FM-C1 lower 1/3 None Moderate 46° 92°
15 L1 medium 1/3 Between C1 upper and lower border ~ None 0 70° 131°

# Not determined due to prior tonsillectomy.

Fig. 1. Representation of the intercoccygeal angle in three different cases. (a) Illustrates case 14, with an angle of 92.3°. (b) Represents case 10, with an angle of
104.2°. (c) Depicts case 11, with an angle of 103.3°.
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Fig. 2. Spinal deviation in 15 cases with CD.
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mCD NCVS

LT

Headache Upper back pain Altered balance Sensation loss of Dysphagia Altered sphincters
strength lower
extremities
Symptoms

Fig. 3. Comparison of the most common symptoms in both samples, where CD is the sample of 15 cases with coccygeal dislocation and NCVS is the sample of 372

cases with Neuro-cranio-vertebral syndrome.

Prevalence (%)

mCD NCVS

T

Altered plantar Altered deep Altered deep Loss of handgrip Altered tactile Altered therma  Altered abdominal
reflexes tendon reflexes tendon reflexes strength sensitivity sensit ivity reflexes
upper extremities  lower extremities
Signs

Fig. 4. Comparison of the most common signs in both samples. Where CD the sample of 15 cases with coccygeal dislocation and NCVS is the sample of 372 cases with

Neuro-cranio-vertebral syndrome.

alterations, iatrogenic, etc.), CD should be added to the list of etiologic
factors.

Symptoms related to spinal traction were first described by Garceau,
who reported three cases of paraparesis, scoliosis, headache, and dys-
esthesia.'” A few years later, other authors made the same observations,
and the term tight filum was used to diagnose this clinical picture.'’

Several causes of Neuro-cranio-vertebral syndrome have been pro-
posed. Roth hypothesized that spinal cord stretching is responsible for

scoliosis and Arnold-Chiari syndrome type 1.°° Porter considered
uncoupled-osseus development to be the cause of idiopathic scoli-
osis.?"*? Lowe et al have suggested that neurological dysfunction plays a
key role in the genesis of idiopathic scoliosis.”* Finally, Roth and Porter
hypothesized that local neural dysfunction within the spinal cord may
cause of idiopathic scoliosis.?® %2

Some researchers have hypothesized that there is a direct correlation
between cervico-medullary compression in the foramen magnum (due to



M.B. Royo-Salvador et al.

Table 5

Summary of MRI results. CD is the coccygeal dislocation and NCVS is the Neuro-
cranio-vertebral syndrome sample. Refer to Table 1 for the definitions of the
conus medullaris levels.

Diagnosis CD (%) NCVS (%)
Idiopathic syringomyelia 27 52
Descent cerebellar tonsils 80 73
Idiopathic scoliosis 73 76
Conus medullaris level 1-2 0 23
Conus medullaris level 3-4 27 36
Conus medullaris level 5-6 53 31
Conus medullaris level 7-8 20 10

the herniated cerebellar structure) and vascular insufficiency of the
cervical medulla at a caudal distance from that level. In autopsy studies
of syringomyelia associated with Chiari malformation, Lichtenstein and
Foster et al suggested that herniated cerebellar structures compress the
neuraxis as well as vessels that pass through the foramen magnum,
resulting in vascular insufficiency in the cervical medulla caudal to that
level.?*?® Therefore scoliosis represents an attempt by spinal cord to
compensate for the medullary traction force, while syringomyelia rep-
resents the lytic and cavitary expression of the neuraxis elongation and
restriction with altered central medullary perfusion. Finally, according
to different authors, Arnold-Chiari syndrome type 1 could be the result
of the descending traction of the neuraxis in accordance, or not, with the
currently more accepted theory of a small posterior fossa.”®**

4.2. Coccygeal dislocation and Neuro-cranio-vertebral syndrome

Signs and symptoms were present in similar proportions, 65 % in
both the groups, with a predominance of spinal signs and symptoms in
the CD group. The high prevalence of spinal symptoms and neurological
signs in patients with CD may be due to the presence of subclinical or
undiagnosed NCVS that worsens with the slow and progressive increase
in tension caused by CD. Long periods of time between the moment of
coccyx trauma and the onset of Neuro-cranio-vertebral syndrome sug-
gest a subclinical evolution of the disease, probably in relation to a
minimal but sufficient traction of the filum terminale. This suggests that
the intensity of spinal traction as important as its duration.

In cases of CD the most common associated condition was descent of
the cerebellar tonsils (80 %). This differs from NCVS, in which idiopathic
scoliosis is the most frequent condition (76 %). In CD cases, it may be

/
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easier to displace the nervous system and descend the cerebellar tonsils
rather than twist a mature spine. The high prevalence of cerebellar
tonsils descent in patients with CD suggests that the NCVS is the result of
an acquired medullary traction triggered by the CD. It is interesting to
consider that specific intercoccygeal angles in CD patients are associated
with descent of the cerebellar tonsils. It may be important to consider
this when assessing patients. Our sample size for patients with CD was
small (n = 15).

Only 8 (53 %) of the 15 patients with CD reported a traumatic
antecedent because surely they have forgotten the coccygeal trauma
that happened years ago. And the lack of radiological documentation is
because frequent falls on the buttocks are usually not interpreted as
requiring medical assistance. There may not be a relationship between
the time of the traumatic incident and appearance of the first symptoms
of NCVS. There may not be a relationship between the time of the
traumatic incident and appearance of the first symptoms of NCVS. In
addition, the impact of falling on the buttocks is minimized by the
gluteal muscles. The coccyx is well protected by the gluteal muscles, but
under axial pressure, it can dislocate or subdislocate. If the dislocation
occurs backward, in the form of posterior coccygeal dislocation, it has
fewer consequences. The anatomical relationship between the position
of the coccyx, filum terminale and dural sac is illustrated in Fig. 5.

A limitation of this study was the small sample size of patients with
CD. Therefore, we cannot confirm or generalize these findings to all
patients with CD. Nevertheless, we hope that this study will invite
further research in this area so that the results may be more represen-
tative and stronger conclusions can be drawn and to better extrapolate
these results to the population.

5. Conclusions

Can a simple fall on the buttocks eventually cause a neurological
condition called Neuro-cranio-vertebral syndrome? We propose that it is
possible. In this article we describe a new syndrome: Neuro-cranio-
vertebral syndrome due to coccygeal dislocation.

While there were signs and symptoms that were present in similar
proportions in both samples (65 %), there were also some that had
different proportions (35 %). MRI results showed a similar incidence of
cerebellar tonsils descent (80 % CD, 73 % NCVS) and idiopathic scoliosis
(73 % CD, 76 % NCVS) and slight differences in the prevalence of sy-
ringomyelia (27 % CD, 52 % NCVS). We found that a sacrococcygeal
angle between 89 and 110° could be a predictor of syringomyelia. If the

/

Normal coccyx

Anterior coccygeal dislocation

Posterior coccygeal dislocation

Fig. 5. Model explaining the effect of the coccyx on the filum terminale and dural sac. From left to right: normal filum terminale tension, abnormal filum terminale
tension in anterior coccyx dislocation, and posterior coccyx dislocation releasing the tension.
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intercoccygeal angle is between 90 and 140°, it could be a predictor of
descent of the cerebellar tonsils.

When a patient comes to our center with medical antecedents of
sacrococcygeal trauma and complaints of headaches, tinnitus,
dysphagia, lack of balance, neck pain, upper and lower back pain,
altered gait balance, sensations of loss of strength in the upper and lower
extremities, altered sphincters, and neurological signs (altered plantar
and deep tendon reflexes, loss of handgrip strength, altered tactile and
thermal sensitivity, and altered abdominal reflexes), we must suspect
the presence of Neuro-cranio-vertebral syndrome. We must then request
imaging for complete diagnosis and appropriate treatment.

The type of coccygeal dislocation and its evolution over time can
precipitate the development of Neuro-cranio-vertebral syndrome. This
study emphasizes the importance of early diagnosis and treatment of
coccygeal dislocation when assessing patients, to prevent the possible
development of Neuro-cranio-vertebral syndrome in the future pro-
spective studies will be necessary to better understand the pathophysi-
ology of this disease.
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