
Vol.:(0123456789)1 3

European Spine Journal (2022) 31:1241–1250 
https://doi.org/10.1007/s00586-022-07136-8

ORIGINAL ARTICLE

Suitability of 3.5‑mm screw for the atlas in children: a retrospective 
computed tomography analysis

Jiarui Chen1 · Tuo Liang1 · Yajie Hu2 · Youliang Ma2 · Shengsheng Huang1 · Liyi Chen1 · Jie Jiang1 · Hao Li1 · 
Tianyou Chen1 · Jiemei Cen3 · Chong Liu1 · Xinli Zhan1 

Received: 12 May 2021 / Revised: 20 December 2021 / Accepted: 26 January 2022 / Published online: 28 February 2022 
© The Author(s), under exclusive licence to Springer-Verlag GmbH Germany, part of Springer Nature 2022

Abstract
Background  The growth and development of the atlas in children has not been studied to date using a large sample size.
Objective  To study whether a 3.5-mm screw is suitable for the atlas in children, to explore the anatomical size and devel-
opment of the atlas in 0–14-year-old children, and to provide morphological basis for lateral mass screw internal fixation.
Methods  A Computed Tomography (CT) morphometric analysis was performed on 420 pediatric atlases. In the atlas, D1, 
D2, D3, D4, and α of the atlas lateral mass were measured. Statistical analysis was performed using one-way ANOVA and 
Students’ t test. The least square method was used for the regression analysis of the change trend in anatomical structure. 
The curve with the greatest goodness of fit was used as the anatomic trend regression curve.
Results  D1, D2, D3, and D4 generally showed an increasing trend with age. The ranges of averages of D1, D2, D3, D4, 
and α in 0–14 year-old children were as follows: 4.576–9.202 mm, 9.560–25.100 mm, 3.414–10.554 mm, 11.150–27.895, 
and 12.41°–20.97°, respectively. The trends of the fitting curves of L1 and L3 were power functions, and those of L2 and 
L4 were logarithmic curves.
Conclusions  CT examination could help in preoperative decision-making, and 3.5-mm screw was found to be suitable for 
lateral mass screw internal fixation in children aging 2 years and older. D1–D4 increased with age. This provided a certain 
reference to perform posterior atlantoaxial fusion in children and is of great significance to design posterior atlantoaxial 
screw in children.
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Introduction

The cervical vertebra 1 (C1) is also called as the atlas. Atlan-
toaxial fusion internal fixation usually consists of atlas lat-
eral pedicle mass screw and C2 pedicle screw. Because of 

its good biomechanical properties and wide range of surgi-
cal indications, it has been widely used in clinical practice 
[1–5]. However, the anatomical structure of the atlas is com-
plex, and there is a risk of damaging the surrounding impor-
tant nerves and blood vessels when the lateral pedicle mass 
screw is inserted, which can lead to serious complications.

Adult C1 is mature and relatively stable. Previous studies 
have explained the complex anatomy of C1 in adults in detail 
[6–8]. Children’s cervical spine is in the stage of continuous 
growth and development, and various anatomical diameters 
are much smaller than those of adults. No particular screw 
fixation device is used for children in south China. The cur-
rently available pedicle screw with the smallest diameter is 
a screw rod system for adult cervical spine lateral mass or 
pedicle fixation, and the screw diameters are 3.2, 3.5, and 
4.0 mm. The age from which the atlas lateral mass screw 
can be inserted in children and the screw sizes and their 

 *	 Chong Liu 
	 liuchong@stu.gxmu.edu.cn

 *	 Xinli Zhan 
	 zhanxinli@stu.gxmu.edu.cn

1	 Spine and Osteopathy Ward, The First Affiliated Hospital 
of Guangxi Medical University, No.6 Shuangyong Road, 
Nanning 530021, Guangxi, People’s Republic of China

2	 First Clinical Medical College, Guangxi Medical University, 
Nanning, Guangxi, People’s Republic of China

3	 Respiratory Medicine, The First Affiliated Hospital 
of Guangxi Medical University, Nanning, Guangxi, 
People’s Republic of China

http://orcid.org/0000-0002-6936-481X
http://crossmark.crossref.org/dialog/?doi=10.1007/s00586-022-07136-8&domain=pdf


1242	 European Spine Journal (2022) 31:1241–1250

1 3

suitability for a particular age of children have been some 
unanswered questions and are concerns for clinicians. 

In this study, we measured the anatomical size of the atlas 
lateral mass in south Chinese children aging 0–14 years, 
assessed whether 3.5-mm screw is suitable for the atlas in 
children, and studied the development of the atlas in chil-
dren. This could provide a guidance for designing screws for 
children and a morphological basis for lateral mass screw 
internal fixation.

Methods

Overall, 64-slice CT scans (Somatom Sensation 64, Sie-
mens, Germany) of the neck in the outpatient and inpatient 
clinics at the First Affiliated Hospital of Guangxi Medical 
University were retrospectively analyzed. This included chil-
dren who needed neck examination due to trauma, oesopha-
geal foreign body, headache, or other cervical examinations. 
Cases of cervical spine osteophytes, deformities, tumors, 
fractures, and other anatomical abnormalities were excluded. 
Age of children ranged from 0 to 14 years, regardless of 
sex. Finally, 30 cases of each age were randomly selected, 
and data from a total of 420 children were selected for the 
further assessments. Because of the retrospective nature 
of the study, informed consent was waived. The study was 
approved by the Ethics Committee of the First Affiliated 
Hospital of Guangxi Medical University.

Based on the method descript in previous studies [9–11] 
and the Picture Archiving and Communication Systems 
[12], lines a and b were determined after selecting horizontal 
and coronal planes, respectively: line a represents the line 
between two points lateral to the spinal canal. whereas line 
b represents the line passing through the inner wall of the 
foramina and is parallel to line a. A total of five parameters, 
namely D1, D2, D3, D4, and α, were measured. The defini-
tion of these parameters is as follows: (1) D1: the shortest 
distance from the inner wall of the vertebral artery foramen 
to the outer wall of the spinal canal, that is, the distance 
between lines a and b. (2) D2: the distance between the 
midline of the long axis of the lateral mass and the inner 
cortex of the front and rear edges of the lateral mass, that 
is, the distance between the midline between lines a and b 
and the intersection point of the front and rear edge of the 
lateral mass. (3) D3: the height of the lateral mass, that is, 
the distance between the inner cortex in the middle of the 
lateral mass. (4) D4: the distance from the midpoint of the 
pedicle to the medial cortex of the anterior edge of the lateral 
mass. (5) α: the inclination angle of the lateral mass, that 
is, the angle between D2 and the sagittal plane. Both sides 
were measured simultaneously, and ‘L’ and ‘R’ were marked 
on the left and right, respectively (Fig. 1, Supplement 1). 
All parameters were measured by three senior personnel 
simultaneously, and the average was taken. Finally, a 3.5-
mm screw simulation was placed on the atlas using Mimics 
Research 19.0.

Fig. 1   Computed tomography 
(CT) image of a child aging 
12 years and 3 months. A, 
localization of coronal plane in 
the horizontal plane. B, locali-
zation of horizontal plane in the 
coronal plane. C–E, schematic 
diagram of the measurement of 
anatomical indices. Line a, the 
line between two points lateral 
to the spinal canal. Line b, the 
line passing through the inner 
wall of the foramina and paral-
lel to line a. D1, the distance 
between lines a and b. D2, the 
distance between the midline 
between lines a and b and 
intersection point of the front 
and rear edge of the atlas lateral 
mass. D3, the distance between 
the midpoint of the upper and 
lower edges of the lateral mass. 
D4, the distance between the 
anterior margin of the lateral 
mass and midpoint behind the 
pedicle
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Statistical analysis was performed using one-way 
ANOVA and students’ t test, and the regression analysis 
was conducted using the least-square method. These tests 
were performed using Statistical Package for Social Sci-
ences (SPSS, version 22). The average, standard deviation 
of each index, and fitting analysis were obtained. P < 0.05 
was considered significant. The regression analysis figures 
were drawn using GraphPad v8.0.2. In addition, the lengths 
of each indicator in each age group were displayed by draw-
ing violin plots in R × 64 4.0.5.

Results

In this study, we measured C1 anatomical data in south Chi-
nese children aging 0–14 years. Overall, 30 children from 
each age group were randomly selected, and data from a 
total of 420 children were assessed, irrespective of sex. We 
measured the mean and standard deviation of each indicator 
parameter on the left, right, and bilateral sides. The meas-
ures of D1, D2, D3, D4, and α are shown in Supplement 2. 
Except for some anatomical indicators that were different 
between the left and right in individual age groups, most 
of the indicators were not significantly different in all age 
groups. From 0 to 14 years, the averages of D1, D2, D3, and 
D4 ranged from 4.576 to 9.202, 9.560 to 25.100, 3.414 to 
10.554, and 11.150 to 27.895 mm, respectively. The range of 
α was from 12.41° to 20.97°. The changing trends of D1–D4 
with age were fitted to the relevant curve using the least-
square method (Fig. 2). The changing trends of D1 and D3 
with age conformed to the Power function curve, whereas 
the those of D2 and D4 conformed to the logarithmic func-
tion curve. However, α did not fit with any suitable curve 
(Not shown). The violin plots clearly showed the range of 
fluctuations of these parameters and their trends with age 
(Fig. 3). In addition, to verify the measured data and conclu-
sions, the three-dimensional atlas of a child aged 2 years and 
3 months was reconstructed with CT DICOM data in Mim-
ics Research 19.0, and a screw sized 3.5 × 19 mm was simu-
lated and inserted into the lateral mass of the atlas (Fig. 4). 
The simulated images showed that the insertion of a 3.5-mm 
screw into the lateral mass of the atlas could perform well.

Clinical case presentation

After the imaging studies, we performed atlantoaxial fusion 
on two children with atlantoaxial dislocation, and the symp-
toms of the patients disappeared gradually after the opera-
tion. The first patient, a female (7 years and 9 months old), 
was admitted to the hospital because of torticollis of the 
neck with limited mobility for more than 2 months. The 
second patient, a male (9 years and 1 month old), was admit-
ted to the hospital because of neck pain and limited activity 

caused by high fall injury for 3 months. The preoperative 
and postoperative cervical imaging examinations of these 
two pediatric patients are shown in Figs. 5, 6.

Discussion

The upper cervical spine includes the atlas and axial ver-
tebrae. Fusion surgery for the upper cervical spine has 
undergone many changes over a long period. Previous pos-
terior cable [3, 13] and lamina clamp [14] techniques were 
abandoned because of space occupation in the spinal canal 
and compression of the spinal cord. With the advent of the 
Magerl screw fixation technique [15], fusion rates and bio-
mechanics have been greatly improved [16, 17]; however, 
the incidence of vertebral artery injury is relatively high. 
In 1994, Goel et al. [18] reported the technique of posterior 
atlantoaxial fusion. Harms [19] and Resnick [20] improved 
the posterior atlantoaxial fusion technique, and it is still 
widely used. The atlas pedicle screw is another screw fixa-
tion technique following the atlas lateral mass screw [21, 
22].

The children in the age group of 0–14 years are in the 
stage of growth and development, and their cervical activity 
is much different from that of adults. The cervical ligamen-
tous laxity and incomplete develop articular process of joint 
can easily lead to cervical spine injury [23]. Children being 
active and having immature bones further increases their risk 
of having cervical injuries, such as cervical spine fracture 
and dislocation, which mainly occur in the supper cervical 
spine [23, 24]. In addition, because of the effects of Down 
syndrome, Griesel syndrome, joint dislocation, and ligament 
injury, some children require upper cervical spine surgery 
[25–27]. For surgical treatment of the upper cervical spine 
in children, good treatment options are still unavailable. 
The current approach is to use posterior pedicle lateral mass 
screws and cervical screws for adults. However, no screws 
have been developed specifically for the atlas in children 
from south China, and the reports on posterior atlas surgery 
in children are limited. The purpose of this study was to 
provide a certain anatomical basis for posterior atlantoaxial 
fusion in children, ideas for the design of the surgical plan, 
and a reference for designing pedicle screw specifications 
for children.

Numerous studies have measured the anatomy of the 
lateral mass of the atlas in children. However, there were 
some limitations such as undetailed age groups, small age 
span, or a small number of cases studied [9, 10, 28–30], 
and their conclusions were not consistent with each other. 
Thus, to further study the anatomies of atlas lateral mass, 
we analyzed CT images of atlas lateral mass in children aged 
0–14 years in south China. Our study showed that D1–D4 
increased at a slower rate with age, and they increased most 
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rapidly between 0 and 2 years. The growth trends of D2 
and D4 were conformed to the logarithmic curve, whereas 
those of D1 and D3 conformed to the power curve, whose 
growth rate did not change much. In our measurements, no 
significant difference was observed in most of the indicators 
between the left and right sides. However, the right side of 
D1, D2, and D4 was significantly greater than the left side 
in 6–7, 4–5, and 8–9 year old children, respectively. Other 
studies have reported no significant difference between the 
two sides [9, 10, 29]. However, Chamoun [9] reported that 
partial anatomical parameters of the atlas were different 
between the two sides. Not excluding measurement errors, 
the differences may be related to sex, growing environment, 
and different ethnic groups. Further studies are needed with 
a higher sample size in these age groups.

The difference between atlas lateral mass screws and 
pedicle screws lies in the entry point and direction of the 
screw [31, 32]. Because the bones of children are still small, 
it is difficult to implant simple atlas lateral mass screws or 
pedicle screws with a screws of 3.5-mm diameter in younger 
children [6, 9, 11]. However, the inferior C1 arch notching 
technique can provide more space for screw placement than 
simple lateral mass screw [11]. That is, D2 intersects the 
posterior edge of the pedicle by inserting a screw slightly 
laterally from the pedicle, as shown in this study.

In our study, the height of the atlas lateral mass was less 
than the width, so the height of lateral mass affected the 
diameter of the screw. The length of the lateral mass deter-
mines the length of the screw. According to the results of the 
lateral mass height, the lateral mass height of children aged 

Fig. 2   Anatomical size of the atlas of children aging 0–14 years in southern China. A–D, anatomical data of the left atlas with age. E–H, the 
trend of anatomical data of the right atlas with age. I–L, the trend of anatomical data of bilateral atlas with age. R2, goodness of fit coefficient
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Fig. 3   The violin plots of all measurements in children aging 0–14 years
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Fig. 3   (continued)
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0–1 year did not reach 3.5 mm. Thus, atlantoaxial screw 
fusion was not feasible with conventional 3.5-mm screws 
available in the market. At the age of 1–2 years, the height 
of the lateral mass reaches more than 3.5 mm; therefore, 
theoretically, screws with a diameter of 3.5 mm can be used. 
However, the two layers of cortical bone inside and outside 
the lateral mass also occupy a certain spatial distance, which 

can be challenging for a 3.5-mm screw. We suggested that 
the lateral mass of the atlas screws can be directly used with 
a 3.5-mm thick screw in children of age 2 years or older. For 
children younger than 2 years of age, we can design screws 
with a diameter of 3.0 or even 2.5 mm, when a surgery is 
necessary. Previous studies [29, 33, 34] have indicated that 
3.5-mm screw insertion of the lateral mass of the atlas can 

Fig. 4   Simulated image of the 
screw in the lateral mass of the 
atlas in a child aging 2 years 
and 3 months. A, horizontal 
plane. B, 3D model view from 
below. C, 3D model front view. 
The specification of screw was 
3.5 × 19 mm

Fig. 5   The CT images of the 
cervical spine of a child aging 
7 years and 9 months. A, preop-
erative sagittal CT image of the 
cervical spine; B, preoperative 
horizontal CT images of the 
cervical spine; C, preoperative 
3D reconstruction of the cervi-
cal spine; D, postoperative sag-
ittal CT images of the cervical 
spine; E, postoperative image 
of atlas level; F, postoperative 
horizontal image of the axis

Fig. 6   The CT images of the 
cervical spine of a child aging 
9 years and 1 month. A, pre-
operative sagittal CT image of 
cervical spine; B, preoperative 
horizontal CT images of the 
cervical spine; C, preoperative 
3D reconstruction of the cervi-
cal spine; D, postoperative sag-
ittal CT images of the cervical 
spine; E, postoperative image 
of atlas level; F, postoperative 
horizontal image of the axis
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be performed in 2-year-old children. However, Chamoun [9] 
reported that the lateral mass of the atlas in a 1.5-year-old 
child could be placed with a 3.5-mm screw through measur-
ing CT images of 76 children aged 1.5–16 years.

The distance between the midline of the long axis of the 
lateral mass and inner cortex of the front and rear edges 
of the lateral mass (D2) was 9.560 ± 2.328, 16.500 ± 1.509, 
23.446 ± 2.107, and 23.963 ± 2.112 mm at 0–1, 1–2, 6–7, 
and 7–8 years, respectively; these dimensions were smaller 
than those measured by Deng [10]. This could be because 
the CT window measured by Deng was not in the sub-bone 
window measurement according to the figure in their arti-
cle. D2 was found to be 25.100 ± 1.83 mm at 13–14 years. 
However, the distance between the midline of the long axis 
of the lateral mass and the inner cortex of the front and rear 
edges of the lateral mass (D5) measured by Chinese studier 
Ma [35] in fresh male adult caddies was larger than D2 of 
13–14-year-old children in our study. Previous studies have 
shown that the lateral anatomic structure of the atlas at age 
of 8 years is similar to that of adults [9, 36, 37]. Our trend 
curve showed that the atlas continues to grow from the age 
8 to 14 years, though at a slower rate. Further studies are 
needed to assess whether the atlas continues to grow after 
14 years. When the pedicle screw reached 80% of its entire 
length, the holding force of the screw was sufficient. There 
was no significant change in the holding force if the screw 
insertion depth was further increased [38]. To date, ‘in-out-
in’ technique has been performed in the axis [39]. In our 
study, the distance between the midpoint behind the pedicle 
and anterior edge of the lateral mass (D4) was measured. It 
provided a longer nail path in younger children if ‘in-out-in’ 
technique could be suitable for the atlas.

In our study, there was no significant change in inclina-
tion of the atlas lateral mass with age. α, the average inclina-
tion angle ranged from 12.41° to 20.97°, which was similar 
to that reported by Rocha and Chamoun [9, 40] but was 
larger than that measured by Deng [10] and smaller than 
that measured by Wang [41]. A screw with a very large incli-
nation angle can easily enter in the spinal canal, whereas 
that with a very small inclination angle can easily injure the 
vertebral artery. However, it is necessary to perform a pre-
operative CT examination to ensure that the screw is inside 
the lateral mass.

As mentioned above, previous studies have had a small 
age span, less detailed subgroups, and a relatively small 
number of cases. In our study, children from each age 
group (0–14 years) were considered. The age span from 
0 to 14 years old could help in analyzing the growth and 
development of children’s atlas in a better way, which is the 
biggest highlight of this study. However, similarly to the 
study by Geck [29], we did not analyze the differences as 
per sex. Chamoun [9] found that a few anatomical indica-
tors were different between males and females. There may 

be differences in the atlas development between sexes. We 
considered the difference between sexes significant only 
when reaching a certain age, and there will be no sex differ-
ences in younger children. There is incomplete ossification 
of the atlas in 0–2-year-old children, especially in 0–1-year-
old ones. Further studies are needed to clarify whether atlas 
ossification be affected if lateral mass screws are used in 
0–2-year-old children.

Conclusion

By assessing the CT images of the atlas in children aged 
0–14  years, we concluded that the atlas grew faster in 
0–2-year-old children. Posterior lateral mass screw place-
ment could be performed in children older than 2 years by 
designing 3.5-, 3.0-, or even 2.5-mm screws. Screw length 
of 10.0 mm can be designed for 0–1-year-old children, and 
that of 15.0 mm can be used for children aging 1 year and 
older. Preoperative thin-layer cervical CT is necessary for 
designing the surgical plan and selection of screws.
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