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Abstract

Objective: To analyze through tomographic studies, the mor-
phology and dimensions of the C1-C2 vertebrae in pediatric 
patients, to evaluate the possibility of application of Magerl’s 
technique in these patients, and to contribute with data for the 
usage of the technique in safety. Method: Forty normal cervi-
cal tomographies, from patients at an age range of 24-120 
months of age and from both genders, were retrospectively 
analyzed. Data was statistically analyzed to obtain mean value 
and variations of each measurement: length from the C2’s 
pedicle to C1’s lateral mass, thickness of the pedicle of C2, 

the attack angle of the screw at the C2 isthmus with the horizontal 
axis and the distance from the odontoid to the anterior arch of 
C1. Results: The mean values obtained were: length right 30.86 
mm, left 31.47 mm; thickness right 5.28 mm, left 5.26 mm; attack 
angle right 46.250 , left 44.500 ; distance from odontoid to anterior 
arch of C1 2,17 mm. Conclusion: The Magerl technique, after 
tomographic study, seems to be a viable option to be used in 
pediatric patients. Level of Evidence IV, Case Series.
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INTRODUCTION

Countless conditions can affect the atlantoaxial anatomical 
complex: traumatic, degenerative, inflammatory, neoplastic 
or even congenital.1 Atlantoaxial instability is a rare condition 
in the pediatric population. There are some characteristics 
that predispose to this lesion: greater ligament laxity, more 
horizontally oriented facets, premature ossification, higher 
fulcrum of cervical movement, greater deforming force due 
to the disproportionate head/body ratio.2-6

Several techniques were described for the treatment of C1-C2 
instability. In 1910, Mixter and Osgood7 described the use 
of silk threads to wire the spinous processes of C1 and C2 
together. Some years later in 1939, Gallie8 described the C1 
and C2 laminar encircling technique. Later in 1978, Brooks 
and Jenkins9 described a modified C1-C2 laminar wiring 
technique, which was once again modified by Dickman
et al.10 Encircling techniques have the disadvantages of pre-
senting a risk of neurological lesions in the passage of the 
wires, the need to use a rigid external orthesis, and high rates 
of non-consolidation.7,11-13 

The Jeanneret and Magerl,14 Wright,15 Harms and Melcher16 
techniques were described recently. They are posterior fixation 
techniques with C1-C2 transarticular screws; screws in the C1 
lateral masses, in the C2 lamina and in the C2 pedicle. Tran-
sarticular screw fixation is being used with greater frequency, 
with good results shown in the literature.17

The treatment of C1-C2 instability in children remains contro-
versial.17 Some techniques initially described for treatment in 
adults were recently employed in the pediatric population with 
a satisfactory outcome.18 It is essential to have anatomical 
knowledge of pediatric cervical structures to be able to use 
this technique safely.19

This study aimed to evaluate the dimensions of the anatomical 
structures of C1 and C2 in the Brazilian pediatric population, 
and to enable more in-depth discussions regarding the tech-
nique used to stabilize these vertebrae, as well as to provide 
data for performance of Magerl’s technique while ensuring 
greater patient safety, taking into account both the anatomy 
and the screws available in the market. 
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Table 1. Mean values obtained for each side.

 
Length from the C2 

pedicle to the C1 
mass

Thickness of the 
C2 pedicle in the 

direction of the C1 
lateral mass

Angle of attack of 
the screw with the 

horizontal axis

Right 30.68 mm (± 3.75) 5.28 mm (± 0.64) 46.24 (± 8.31)

Left 31.47 mm (± 3.65) 5.26 mm (± 0.75) 44.5 (± 8.24)

Table 2. Maximum and minimum values obtained for each side.

 
Length from the C2 

pedicle to the C1 
mass

Thickness of the 
C2 pedicle in the 

direction of the C1 
lateral mass

Angle of attack of 
the screw with the 

horizontal axis

  Right Left Right Left Right Left

Maximum value 36.2 mm 37.0 mm 6.6 mm 6.5 mm 64 58

Minimum value 22.3 mm 22.3 mm 3.9 mm 3.4 mm 29 25

Table 3. Mean values obtained between the sexes.

 
Length from the 
C2 pedicle to the 

C1 mass

Thickness of the  
C2 pedicle in the 
direction of the 
C1 lateral mass

Angle of 
attack of the 
screw with 

the horizontal 
axis

Distance from 
the dens to the 
c1 anterior arch

Male 31.43 mm (± 3.6) 5.34 mm (± 0.69) 45.03 (± 8.76) 2.27 mm (± 0.47)

Female 30.41 mm (± 3.85) 5.13 mm (± 0.69) 46 (± 7.19) 1.99 mm (± 0.31)
Figure 1. Model of obtainment of the measurements in the sagittal section 
of the C1-C2 tomography.

Measurement A

Measurement C

Measurement B

Measurement D
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METHODS

We retrospectively analyzed 40 cervical tomography scans of 
patients between 24 and 120 months of age, of both sexes 
and without cervical deformities. The tomography scans were 
acquired through all the patient consultations performed at 
the complex of Hospital das Clinicas FMUSP, both outpatient 
and emergency room. The dimensions and angulations of the 
cervical laminae were evaluated using the ImageJ® imaging 
program. All the measurements were made in millimeters. The 
inclusion criteria were: age between 24 and 120 months and 
without deformities in the cervical spine, while the exclusion 
criteria were: age (under 24 months and over 120 months) and 
alterations in the computed tomography of the cervical spine. 
The data obtained by the study were submitted to statistical 
analysis to obtain mean values and the variation for each 
measurement taken.
The measurements of the C1 and C2 cervical vertebrae were 
taken in the sagittal section in the following manner, as shown 
by the model below. (Figure 1)
Measurement A: anterior arch - dens (from the posterior cortex 
of C1 anterior arch and anterior dens cortex);
Measurement B: Length of the C2 pedicle (from the posterior 
cortex of the C2 pars, obliquely in the direction of the anterior 
cortex of the C1 lateral mass);
Measurement C: Thickness of the C2 pedicle (at the narrowest 
point of the pedicle and at a 90 degree angle with its long mea-
surement, from the posterior superior pedicular cortex to the 
anterior inferior pedicular cortex);
Measurement D: Angle of attack of C2 with the horizon (angle 
of attack for the insertion of the screw in the posterior cortex of 
the C2 pars, crossing the pedicle and approaching the anterior 
cortex of the C1 lateral mass);
Individual measurements were taken for the right and left sides 
for measurements B, C and D.

RESULTS

The 40 tomographies included in the study were analyzed and 
the mean value of the measurements obtained. Their respective 
standard deviations are represented in Table 1.
The values were submitted to the Kolmogorov-Smirnov Test 
and it was concluded that the sample distribution is normal. 
The comparative analysis between left and right sides for the 
measurements of C2 pedicle length, C2 pedicle diameter and 
angle of attack of the screw with the horizontal axis did not 
reveal significant difference (p<0.05) through the t-test. The 
maximum and minimum values obtained for these measure-
ments were included in Table 2. 
Comparatively between the sexes, of the 40 tomographies 
analyzed, 26 patients were male and 14 female and the statis-
tical analysis carried out using the t-test revealed that there is no 
difference between the sexes for the aforesaid measurements 
(p<0.05), except for the measurement of distance from the 
dens to the C1 arch which presented a p=0.03 in the t-test. 
In spite of a difference in age, among the men the average 
age was 6.04 years and among the women, 7.19 years. This 
difference was not significant (p<0.05) according to the t-test. 
Table 3 shows the data obtained. The values are not discrimi-
nated according to their side, since based on the above, it is 
concluded that there is no difference between sides.
The data were also stratified into two groups: 24 to 72 months 
(15 patients) and 73 to 120 months (25 patients). The Kolmogo-
rov-Smirnov Test was applied as before, and it was concluded 
that the distribution is normal. Table 4 shows the mean values 
obtained and their respective standard deviations. The statisti-
cal analysis of the data revealed significant difference (p<0.05) 
between the two groups for the values of C2 pedicle length to 
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Table 4. Mean values obtained and their standard deviations 
discriminated between ages.

 
Length from the 
C2 pedicle to the 

C1 mass

Thickness of the  
C2 pedicle in the 
direction of the 
C1 lateral mass

Angle of 
attack of the 

screw with the 
horizontal axis

Distance from 
the dens to the 
c1 anterior arch

24 to 72 
months

29.49 mm (± 3.53) 4.82 mm (± 0.56) 45.23 (± 8.02) 2.35 mm (± 0.46)

73 to 120 
months

32.02 mm (± 3.5) 5.54 mm (± 0.63) 45.46 (± 8.4) 2.07 mm (± 0.39)
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the C1 mass and of C2 pedicle thickness through the t-test. 
For the values of the angle of attack and distance from dens 
to C1 arch there was not any statistically significant difference 
(p>0.05) through the t-test between the two groups. 

DISCUSSION

Instability in the C1-C2 cervical vertebrae can be treated con-
servatively, with a cervical collar, or surgically, depending on 
clinical and radiographic parameters. Once surgical treatment 
has been decided on, there is a variety of options of techniques 
to perform arthrodesis. As they present greater stability, the 
recent techniques of fixation with screws confer high rates of 
consolidation, do not need a postoperative collar, and are the 
method of choice at present. 
Magerl’s technique stabilizes the C1-C2 joint with the use of 
transarticular screws.17,20 The screws are inserted 2 mm medial 
to the spinous process and 3 mm above the articular process of 
C2 with C3. They should be passed through the C2 isthmus with 
a verticalized insertion angle in the direction of the C1 lateral 

mass. This technique uses 3.5 mm screws, and this diameter 
is the minimum condition for their use.
Based on the results obtained, the mean value of the pedicle 
thickness was 5.28 mm for the side right and 5.26 mm for the 
left, with a minimum value of 3.4 mm and maximum of 6.6 mm. In 
our study, all the values of the pedicle diameter admit insertion of 
the 3.5 mm screw, except for the measurement of 3.4 mm, which 
may be due to a measurement error or anatomical variation.
The laminar length did not show statistically significant differ-
ences (averaging 30.68 mm on the right and 31.47 mm on the 
left) comparing side and sex in our study, showing statistically 
significant differences only when subdivided by age (24-72 
months and 72-120 months), but both mean values found are 
compatible with the screws available for use. 
The angle of attack had mean values of 46.25° for the side right 
and 44.5° for the side left, without statistically significant differ-
ence when compared between sex, age and side. The value of 
the angle is compatible with the value used in clinical practice.
Based on the results shown in our study, Magerl’s technique 
is viable in the pediatric population, using screws available in 
the market. The literature contains few tomographic anatomi-
cal studies of the cervical spine for use of arthrodesis tech-
niques in the pediatric population,19 and our study is one of 
the pioneers in the area. Future studies will be able to study 
the validation of the technique in this population in more depth 
and endorse its safety. 

CONCLUSION

According to the anatomical measurements taken, through 
analysis by computed tomography, Magerl’s technique is via-
ble in the pediatric patients studied.
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