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Objective: This study aimed to investigate the safety of clival screw placement in children
aged 1-6 years.

Methods: The cranial computed tomography data of 92 children aged 1-6 years were
divided into three groups, according to age, for three-dimensional reconstruction. Three
clival screw placement points were defined: (1) median point A at the middle and upper
third of the tripartite distance from the spheno-occipital synchondrosis to the base of the
skull; (2, 3) critical points B and C on the horizontal line with point A, where the screw
placement passage was parallel to the sagittal plane. Parameters such as the passage length
and angle were measured for horizontal, vertical facial, and extreme screw placement.
Results: The length parameters of the clival screw placement increased with age, and the screw
passage length was the shortest for the vertical facial type in each age group. There were
significant differences in all three groups between the length of screw placement in the vertical
bone surface, the length of screw placement in the horizontal direction, and the length of screw
placement on the limit at points A, B, and C (P < 0.05); the length of screw placement on the
vertical bone surface was the shortest. There was no significant difference between the horizontal
screw length at point A and the extreme screw length (P > 0.05). The difference between the
horizontal screw length and the extreme screw length in the groups aged 1-2 years and 5-6 years
was statistically significant (P < 0.05), and the horizontal screw length was longer.
Conclusion: The cranial slope of children aged 1-6 years has the morphological basis for
the placement of 3.5 mm screws, and each placement point has a safe angle range for screw
placement.
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Introduction

The craniocervical junction region (CCJR) is a key junction and mechanical bridge
connecting the brain and cervical vertebra. With special morphology and structure and
a complex function, it allows the multidimensional movement of the head and neck and
provides mechanical support. The CCJR in children is more prone to inflammation,
tumor, trauma, deformity, and pressure on the medulla oblongata and spinal cord,
which can threaten life.' > Therefore, surgical removal and internal fixation are often
required to maintain stability.®® The most common methods of fixation are
a subarticular atlantoaxial locking plate, a transoral atlantoaxial reduction plate,

a Harms titanium plate, and a fabricated cage.'® '
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Recently, a 12-year-old boy with congenital skull-base
depression was reported to have undergone odontoidectomy
and internal fixation with plates and screws between the slopes
and vertebral body."> Reconstruction using a titanium cage
directly fixed between the slope and the vertebral body after
resection of the ventral lesions of the upper cervical spine has
also been reported.'*' Therefore, clival screws can be used
for the resection of lesions and reconstruction of craniocervical
connections in patients with abnormalities, and this internal
fixation method is considered to be more stable than others.'®
Ji developed a plate-screw system for transcranial clival inter-
nal fixation by measuring clival image data in adults, showing
through biomechanical experiments that the system had good
stability.'”"'® However, few studies have been conducted on
anterior clival screw placement in children.'>""

Children aged 1-6 years have much smaller clival
structures, and the middle of the clivus is split by the
spheno-occipital synchondrosis, which is the basilar
growth center; clinical screw placement in this growth
center cannot be performed (see Figure 11).%° Therefore,
simple scaled-down adult or adolescent data on clival
screw placement cannot be used for developing children.

With the development of digital medicine, image data can
be reconstructed and post-processed using three-dimensional
(3D) reconstruction software, which can visually and stereo-
scopically display and arbitrarily cut slices to observe the
parameters of clival screw placement.”' > Chen et al showed
that there is no significant difference between reconstructed
measurement data and backbone data. Therefore, it can be
assumed that 3D reconstruction measurements are consistent
with backbone measurement data and can provide parameters
and the basis for the clinical application of clival screw
placement.”*

In the present study, the basic parameters of clival screw
placement in 92 healthy children aged 1-6 years were
obtained using the 3D reconstruction and cutting measure-
ments of their craniocervical spiral computed tomography
(CT) scan thin-slice image data. The anatomical feasibility
of 3.5 mm screw placement in children in this age range was
evaluated, thereby providing a theoretical basis for the pla-
cement and design of clival internal fixation using plates and
screws for children aged 1-6 years.

Materials and Methods

Demographics

The spiral CT scan image data of the CCRJ of 92 healthy
children aged 1-6 years were collected at the First and
Second Affiliated Hospitals of the Inner Mongolia Medical
University and the International Mongolian Hospital
between September 2016 and May 2019 (GE LightSpeed
QX/T 64-slice spiral CT scan, with a slice thickness and
spacing of 0.625 mm, field of view 30x30 cm, and matrix
of 512x512 dpi). Image data of clival anomalies caused by
occipitocervical fractures, deformities, neoplasms, and
other diseases were excluded. The data were divided into
three groups based on the age of the children: group A (1-
years, n = 30); group B (3— years, n = 31); group C (5-6
years, n = 31). Each parameter was measured three times
by the same physician, and the result was recorded as an
average of the three measurements.

This study was conducted in accordance with the
Declaration of Helsinki and approved by the Ethics
Committee of the Inner Mongolia Medical University.
Written informed consent was obtained from the parents

of all subjects.

Figure | Schematic diagram for measuring the length parameters of spheno-occipital articulation and screw placement in children’s cranial slopes. (I) Central sagittal
craniocervical view of a healthy six-year-old child (arrow pointing to spheno-occipital cartilage junction). (Il) Lop is the length of the extracranial spheno-occipital cartilage
junction to the base of the slope; Lag is the length between screw placement points A and B; Lac is the length between screw placement points A and C.
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Measurement Methods

The collected image data were imported into the Mimics
Innovation Suite 16.0 (Materialise, Belgium) in DICOM
format. Thresholding tools were employed in segmenta-
tion to select the appropriate HU thresholds to generate
a bone mask and edit masks. Region growing tools were
used to separately produce a skull mask for 3D reconstruc-
tion. Once this had been created, the mask was edited in
3D and separated, and other cutting tools in the software
were used to cut the sagittal plane on the 3D reconstruc-
tion model. Finally, distance- and angle-measurement tools
were used to measure the relevant index parameters on the
reconstruction model.

The length of the extracranial spheno-occipital cartilage
junction to the base of the slope (Lop) was measured on the
model (see Figure 1II). Previous studies have reported that
the clival spheno-occipital synchondrosis in children is the
basilar growth center, so screws cannot be placed there (see
Figure 11). Furthermore, the thinness of the bone in the lower
clivus means it is unsuitable for screw placement. Therefore,
allowing for the anatomical characteristics of the clivus in
children, the clival screw placement points designed in the
present study were set as those on the horizontal line of point
A, which was on the median line of the basilar clivus, and the
middle and upper third of the tripartite distance from the
spheno-occipital synchondrosis to the base of the skull.
However, some researchers have proposed that the minimum
safe distance between the screws and the slope edge is 2 mm,
that is, the entry point of the clival screw (diameter 3.5 mm)
should be at least 3.75 mm from the bone cortex on both sides
of the slope."” Therefore, critical clival screw placement
points B and C were set 3.75 mm from the cortex margin

of the left and right side of the clivus on the horizontal line
with point A (see Figure 11I). Since clival screw fixation can
either be achieved using a median single screw or a left and
right double screw fixation, the clival screw placement points
in this study were set as the median point A and critical points
B and C, and the screw passage was parallel to the sagittal
plane.

On the 3D reconstruction model, the sagittal planes of
three points A, B, and C were cut. The screw was inserted in
the three sagittal maps in three different ways: (1) horizontal
screw placement, in which the screw was parallel to the
horizontal plane and intersected with the intracranial slope
at point A; (2) vertical screw placement, in which the screw
placement channel was perpendicular to the tangent line of
the bone surface of the extracranial ramp and intersected
with the intracranial ramp at point B; (3) extreme screw
placement, in which the screw placement channel was
from the screw placement point to the junction of the
spheno-occipital cartilage and intracranial slope, which inter-
sected with the intracranial slope at point B. The length and
angle of the screw were measured (see Figure 2). Finally, the
lengths of Log and Lac were measured (see Figure 11I).

To avoid adjacent tissue damage and ensure that screws
with enough length to achieve mechanical stability were
placed, the outer edge of the clival bone cortex was used
as the boundary for length measurement. To measure the
angle, the vertical screw was inserted first, after which the
tangent line of the extracranial ramp was used as a reference
to measure the angle between the tangent line and the screw.

Statistical Methods
SPSS 20.0 statistical software was used for data proces-
sing, and measurement data were expressed as mean =+

Figure 2 Schematic diagram of the angle and length measurement of different screw placement methods on children’s cranial slopes. (I) Point A of clival screw placement in
the middle sagittal position of the reconstructed model. The lengths Laa, Lag, and Lac in horizontal screw placement, vertical bone screw placement, and extreme screw
placement, as well as the horizontal entry angle o and the ultimate entry angle B, were used at point A. (Il) The reconstructed model was 3.75 mm away from the sagittal
screw placement (point B) at the left edge of the slope. At point B, the lengths of screw placement Lga, Lggi, and Lgc in horizontal screw placement, vertical bone screw
placement, and extreme screw placement, and the horizontal entry angle al and the ultimate entry angle B, respectively, were used. (lll) The reconstructed model was
3.75 mm away from the right edge of the slope at sagittal screw placement point C. The length of screw placement at point C was Lcaz, Lega, Lees in horizontal screw
placement, vertical bone screw placement, and extreme screw placement, respectively. Approach angle a2 = horizontal screw placement; approach angle 2 = extreme
screw placement.
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There was a statistically significant difference between
the wvertical bone surface screw placement length, the
horizontal screw placement length, and the extreme
screw placement length at screw placement points A, B,
and C in all three groups (P < 0.05). However, there was
no significant difference between the horizontal screw
length and the extreme screw length at screw placement
point A in any of the groups (P > 0.05). The difference
between the horizontal screw length and the extreme screw
length at placement points B and C in groups A and C was
statistically significant (P < 0.05), but this difference was
not found in screw placement point C in group B.

Measurement Results of the Clival Screw
Placement Angles in Different Age
Groups

No statistically significant differences were found in the
angles of the horizontal screw placement types between
the three age groups (P > 0.05). However, a statistically
significant difference between group A and group C was
observed in the extreme angle B of the screw placement
point A (P < 0.05; see Table 3).

Discussion

Children’s slopes have their own structural development
characteristics, so it is challenging and risky to implement
screw placement in them. Only by fully understanding the
morphological characteristics of children’s cranial slopes
and analyzing the rules of clival screw positioning, orien-
tation, and depth setting can clival screws be placed more
accurately.

Due to the complex and important anatomical structures
in and around children’s cranial slopes, the area for safe
placement of screws is relatively small. The children’s cra-
nial slope consists of the sphenoid and occipital bones, which
are connected by the spheno-occipital cartilage.”> 2’ This
cartilaginous union is the longitudinal growth center of the
skull base, and bone fusion occurs after adolescence.?®>!
Therefore, screw placement should avoid the spheno-
occipital junction. In addition, the sagittal plane of the clivus
is similar to an inverted triangle, with a wide top and a narrow
bottom. Therefore, the thinner bone in the lower part of the
clivus may have poor screw-holding force, making it unsui-
table for screw placement.'”'® A previous study performed
imaging measurements on the clival internal fixation of chil-
dren aged 2—16 years and defined the correct screw place-
ment point as the midpoint of the full length of the

Table 3 Levels and Limiting Nail Placement Angles (°) of Different Nail Placement Positions in Each Age Group [X+s, 95% Confidence Interval]

Group C

30.4146.09
(28.03, 32.65)

118.05+2.57
(11699, 118.95)

30.4146.09
(28.03, 32.65)

119.0146.26
(11641, 120.98)

30.4146.09
(28.03, 32.65)

116.3345.65
(114.13, 118.41) *

Group B

29.444.25
(27.80, 31.02)

117.9745.49
(115.89, 120.06)

29.44+4.25
(27.80, 31.02)

118.69+5.88
(11659, 121.03)

29.44+4.25
(27.80, 31.02)

113.61£2.22
(112.76, 114.48)

Group A

28.24+3.32
(22.94, 28.51)

117.4247.63
(11451, 12031)

28.24+3.32
(22.94, 28.51)

116.55+2.85
(115.47, 117.67)

28.24+3.32
(22.94, 28.51)

113.01£7.59
(109.97, 115.68)

a

p

Notes: *Compared with group A, P < 0.05.
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extracranial clivus.'” However, this may be too close to the
spheno-occipital synchondrosis in some children to allow for
the placement of screws.”” In the present study, allowing for
the anatomical characteristics of the clivus in children, the
clival screw placement points were defined as the median
point A at the middle and upper third of the tripartite distance
from the spheno-occipital synchondrosis to the base of skull
and critical points B and C on the horizontal line with point
A, where the screw placement passage is parallel to the
sagittal plane. The clival screw can be fixed with a single
central screw (point A) or two left- and right-side screws
(points B and C).

Some researchers have proposed that the minimum
safe length between the edge of the screw and the edge
of the slope should be 2 mm, ' that is, the insertion point
of a 3.5 mm screw (radius of 1.75 mm) and the bone
cortex of the edge of the slope should be at least
3.75 mm. In the present study, the length of Lop was
15.5 mm in group A, 19.1 mm in group B, and 21.1 mm
in group C. After trisection, it was placed at point A (when
fixed with a single central screw). The length from the
spheno-occipital cartilage union of the three groups was
5.2 mm, 6.4 mm, and 7.0 mm, respectively, all of which
are larger than 3.75 mm, therefore meeting the require-
ments of placement. This shows that a single central screw
can be inserted into a child’s cranial slope. When two
screws are fixed, the safe distance between the edges of
the screws is 2 mm, that is, the safe distance between the
edges of each screw and the midline is greater than 1 mm.
Therefore, the safe distance between the placement point
and the midline is the sum of the radius of each screw
(1.75 mm) and the safe distance: 2.75 mm. In the present
study, the minimum screw placement length was measured
in group A, showing a L length of 5.67 + 0.63 mm and
a Lac length of 5.66 + 0.61 mm; the safe distance of
double screw placement was far greater than that of double
screw placement. This shows that double screw placement
can be used in children.

Another important factor in screw placement is direc-
tion. The tangent line of the surface of the cranial slope is
used as a reference point: if the angle is too small, the
surgical approach is limited because the sphenoid sinus,
soft palate, nasal cavity, and other important anatomical
structures are adjacent to the front of the slope.'® If the
placement angle is too large, the screw is easily inserted
into the spheno-occipital cartilage junction. In the present
study, the safe range of the clival screw setting angle in
horizontal screw placement was the range between the

angle of the screw path and the slope bone surface,
while the safe range in extreme screw placement was
between the angle of the screw path and the slope bone
surface. In group A, the safe screw angles at points A, B,
and C were 28.24-113.01°, 28.24-116.55°, and 28.24—
117.42, respectively. In group B, the safe screw angles at
points A, B, and C were 29.44-113.61°, 29.44-118.69°,
and 29.44-117.97°, respectively. In group C, the safe
screw angles at points A, B, and C were 30.41-116.33°,
30.41-119.01°, and 30.41-118.05°, respectively. Previous
research has found that adult vertical osseous screw place-
ment is the best angle because of the better operating
space.'®

The length of clival screw placement is proportional to
the screw-holding force and pulling force. The intracranial
slope is closely adjacent to the medulla oblongata, cranial
nerve, and other structures, so the screws inserted cannot
penetrate the intracranial cortex. The results of the present
study show that the passage length parameters for clival
screw placement in children increase with age. Statistically
significant differences were also found in all groups
between the length of vertical bone surface screw place-
ment, the length of horizontal screw placement, and the
length of extreme screw placement; it was also found that
the length of horizontal screw placement and extreme
screw placement were longer. Clinically, vertical facial
screw placement is often used due to its more suitable
operating space compared with the other screw placement
types. However, the length of the inserted screw in vertical
facial screw placement is shorter than in other screw
placement methods. Therefore, a surgical approach should
be designed in advance based on the patient’s condition,
with the surgical area exposed. Horizontal or extreme
screw placement should be employed where possible in
order to increase the length of the screw placement
passage.

In the present study, the length of the horizontal screw
at point A was compared with the length of the extreme
screw in single-screw fixation in the center; no statistically
significant differences were found in any of the groups,
indicating that both methods of screw placement are sui-
table. With regard to double-screw fixation, the horizontal
screw positioning lengths of screw points B and C were
compared with the extreme screw positioning length (other
than point C in group B); a statistically significant differ-
ence was found, and the horizontal screw was longer,
indicating that horizontal screw placement should be
employed.
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Conclusion

It is feasible to insert 3.5 mm screws at different angles on
cranial slopes in children aged 1-6 years. The appropriate
placement points are the median point A of the upper
middle third of the distance trisection between the spheno-
occipital cartilage and the skull base and critical points
B and C of the horizontal line with point A. The screw
channel can be placed parallel to the sagittal plane. The
safe angle range of the clival screw placement for hori-
zontal placement is the range between the angle of the
screw placement path and the slope bone surface in the
horizontal direction of each screw placement point, while
the safe angle range for extreme screw placement is the
range between the angle of the screw placement path and
the slope bone surface. When fixed with a single screw in
the center, horizontal screw placement or extreme screw
placement can be used. When two screws are fixed, hor-
izontal screw placement should be used in order to max-
imize the length of the screw channel. However, clival
morphological development varies greatly between indivi-
duals and within an individual. In order to avoid severe
intraoperative complications, conventional spiral CT scans
and 3D reconstruction are required to determine the opti-
mal location of screws before surgery.
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