
Original Article

  Cemil B et al. Does the Third Cervical … Cen Eur Neurosurg 

 Bibliography
DOI http://dx.doi.org/
10.1055/s-0031-1291206
Published ahead of print
Cen Eur Neurosurg
© Georg Thieme Verlag KG 
Stuttgart · New York
ISSN 1868-4904

  Correspondence
   Dr. B. Cemil, MD 
 Fatih University Faculty of 
Medicine  
  Department of Neurosurgery  
  06510 Ankara  
  Turkey  
  Tel.: +90/312/503 5131  
  Fax: +90/312/503 5132  
  berker5@yahoo.com  

  Key words
   ●  ▶  cervical vertebra
   ●  ▶  odontoid
   ●  ▶  radiograph
   ●  ▶  screw fi xation  

                                      Does the Third Cervical Vertebra Need to be Rimmed 
for Odontoid Screwing? A Hypothetical Study of 
Anatomic Landmarks

anterior screw fi xation has become an important 
treatment option for surgical stabilization of 
these fractures   [ 3   ,  6   ,  16 ]  . In most fractures, this 
type of fi xation leads to encouraging results with 
a high fusion rate and a good cervical spine func-
tion outcome   [ 13   ,  21 ]  .
  Previously, Tun et al. described the odontoid 
screw angle which allows safe anterior odontoid 
screw fi xation   [ 24 ]  . Occasionally, the superoante-
rior portion of the third cervical vertebra needs 
to be rimmed during anterior odontoid screw 
fi xation to expose the anterior inferior portion of 
the axis as entry point for the screw   [ 5 ]  . How-
ever, whether the third cervical vertebra needs to 
be rimmed or not to obtain optimal odontoid 
screw positioning has not been reported to date. 

         Introduction
 ▼
   Odontoid fractures comprise up to 20 % of all cer-
vical spine fractures   [ 7   ,  10   ,  25 ]  . The rates of neu-
rological defi cit and acute mortality associated 
with axis fractures from the largest institutional 
series of axis fractures were 8.5 % and 2.4 %, 
respectively   [ 12 ]  . Type II fractures occur at the 
dens-vertebral body junction   [ 2 ]  . The mecha-
nism of injury consists of a combined posterior 
shear and compression load, applied midway 
between the sagittal and frontal planes   [ 1 ]  . The 
optimal treatment for type II fractures remains 
controversial. Varying severity of associated liga-
ment injury, instability, and comorbidity con-
found treatment options   [ 20   ,  26 ]  . In recent years, 
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                                      Abstract
 ▼
    Background:     The superoanterior portion of the 
third cervical vertebra may need to be rimmed 
during anterior odontoid screw fi xation proce-
dures. We, therefore, retrospectively evaluated 
radiological data to analyze the anatomical rela-
tion between the second and third cervical verte-
bra of the patients who were operated by an 
anterior cervical approach with respect to the 
question if odontoid screw fi xation would have 
been possible without rimming or not.
    Patients and methods:     Patients in whom the 
anterior approach for cervical disc prolapse and/or 
cervical stenosis was used between 2008 and 2010 
were included in this study. The odontoid screw 
angle, and the angle between the lower second 
and the upper third cervical vertebral endplate 
were measured on intraoperative cervical lateral 
radiographs. If the screw line passed through the 
superior anterior portion of the third vertebral 
body, it was determined that the third cervical 
vertebra would have been needed to be rimmed if 
odontoid screwing would have been planned.

    Results:     100 patients were included. There 
were 50 males and 50 females with a mean age of 
47.9 years (mean ± SD: 47.9 ± 12.6 years). The 
mean odontoid screw angle, and the angle 
between the lower second and the upper third 
 cervical vertebral endplate were 65.61 ° ± 3.75 ° 
and 15.24 ° ± 4.85 ° (nonparallel vertebral end-
plates only), respectively. The odontoid screw 
angle, in which the third cervical vertebra would 
not have been needed to be rimmed, was 
63.87 ° ± 2.84 °. In addition, the odontoid screw 
angle in which the third cervical vertebra would 
have been needed to be rimmed was 
67.28 ° ± 3.77 °.
    Conclusion:     The odontoid screw angle may be 
easily measured on lateral radiographs. In cases 
in which the odontoid screw angle is 67.28 ° ±
 3.77 ° or higher, the superoanterior portion of 
the third cervical vertebra would be needed to be 
rimmed for proper screw fi xation of odontoid 
fractures.
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In the present study, the anatomical relation between the odon-
toid screw angle and superoanterior portion of the third verte-
bra body was evaluated on lateral cervical radiographs.

    Patients and Methods
 ▼
    Subjects
  Patients who had undergone the anterior cervical approach for 
disc harmiation or spinal stenosis were included in this study. 
These patients were treated between January 2008 and Novem-
ber 2010. All the procedures had been performed with the 
patients in the supine position, with the neck extended, and a 
gel cushion beneath the shoulders. The collected data of these 
patients were reviewed for age, sex, and lateral cervical radio-
graphs. Patients with congenital cervical spine anomalies, con-
genital chest anomalies, and/or rheumatologic disease were 
excluded from the study. Lateral plain radiographs of the cervi-
cal spine were obtained using a portable X-ray machine in the 
operating room during surgery. All the images were reviewed 
from a hard copy.

    Measurements
  Measurements were performed according to the method 
described by Tun et al.   [ 24 ]  . The odontoid screw angle (the angle 
between the basis of the second cervical vertebra and the tip of 
odontoid) and the angle between the lower second and the 
upper third cervical vertebral endplate were measured on the 
lateral radiographs (      ●  ▶    Fig. 1  ). If the screw line passed through 
the superoanterior portion of the third vertebral body, it was 
determined that the third cervical vertebra would have been 
needed to be rimmed (      ●  ▶    Fig. 2     ,  3  ).
     Parameters on X-rays were measured using the computerized 
image analysis software “BABSOFT BS200Pro imaging system” 
(BS Loo Prop, BAB imaging System, Ankara, Turkey).

    Statistical analysis
  The Statistical Package for the Social Sciences version 16.0 (SPSS 
Inc, Chicago, Illinois) was used to perform statistical analyses. 
The results are expressed as mean ± SD. Statistical comparisons 
between the groups were made with the independent samples 
t-test. The normality of variables was tested by the one-sample 
Kolmogorov-Smirnov test. The null hypothesis could not be 
rejected since the computed test value is less than the critical 
value, and the distribution of the criterion variable is not diff er-
ent from the normal distribution. Values of p < 0.05 were consid-
ered statistically signifi cant.

    Fig. 2    Lateral cervical radiograph showing the 70.15 ° odontoid screw 
angle in which the anterior superior portion of the third cervical vertebra 
should be needed to be rimmed. Red arrow: screw trajectory; white 
arrow: the rimmed area. 

    Fig. 1    The odontoid screw angle.  a  lateral 
 cervical radiograph obtained in the operating 
room during surgery,  b  lateral schematic view 
illustrating the angle between the second lower 
and the third  upper  cervical  vertebral endplate. 
 c  lateral cervical radiograph  obtained in the operat-
ing room during surgery,  d  lateral schematic view. 
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     Results
 ▼
   100 patients who had undergone an anterior cervical approach 
for cervical disc repair and/or spondylotic myelopathy between 
2008 and 2010 were included in this study. 50 patients were 
female and 50 were male, with ages ranging from 23 to 82 years 
(mean ± SD, 47.9 ± 12.6 years). The odontoid screw angle, and the 
angle between the lower second and the upper third cervical 
vertebral body endplate of male and female patients were com-
pared. No statistically signifi cant diff erence was found. The 
mean odontoid screw angle, and the angle between the lower 
second and the upper third cervical vertebral endplate were 
65.61 ° ± 3.75 ° and 15.24 ° ± 4.85 ° (nonparallel endplates only), 
respectively. All the patients were evaluated to determine 
whether the third cervical vertebra would have been needed to 
be rimmed during odontoid screwing or not. No statistically sig-
nifi cant diff erences were found between the groups for the 
angles between the lower second and the upper third cervical 
vertebra endplate. Additionally, no relationships were deter-
mined between the odontoid screw angle, and the angle between 
the lower second and the upper third cervical vertebral end-
plate. The odontoid screw angle in which the third cervical ver-
tebra would not have been needed to be rimmed was 
63.87 ° ± 2.84 °. In contrast, the odontoid screw angle in which 
the third cervical vertebra would have been needed to be 
rimmed was 67.28 ° ± 3.77 °. Comparisons of these groups 
showed a statistically signifi cant diff erence (      ●  ▶    Table 1  ).

       Discussion
 ▼
   Odontoid fractures are frequently seen after trauma   [ 18 ]  . The 
Anderson-D’Alonzo classifi cation is commonly used to describe 
the odontoid fracture and guide the treatment. Nonoperative 
treatment is generally recommended for type I and type III frac-
tures   [ 19 ]  . Present treatment options include external fi xation 
with the halo-vest   [ 27 ]   or collar   [ 11 ]  , or internal fi xation either 
anteriorly with the odontoid screw   [ 4 ]   or posteriorly with the 
C1/2 polyaxial screw/rod system   [ 14 ]  , transarticular screws   [ 15 ]  , 
or wiring   [ 8 ]  .
  Anterior odontoid screwing for a type II fracture is a treatment 
option in selected patients   [ 2 ]  . It was reported that the overall 
complication rate is 9.5 %, the average rate of screw malposition 
3 %, and that of screw pullout 3 %   [ 23 ]  . The major complications 
of this approach are neural or vessel injury, esophageal and pha-
ryngeal perforation, and airway obstruction. The structures at 
risk include the glossopharyngeal and hypoglossal nerves. Injury 
of these nerves results in dysphagia   [ 17 ]  .
  Our study aimed to analyze the relation between the odontoid 
screw angle and the superoanterior portion of the third cervical 
vertebra body, and to determine whether the third cervical ver-
tebra would be needed to be rimmed during screwing. Tun et al. 
measured in adult dry bones of the axis vertebrae that the odon-
toid screw angle is 64.2 ° ± 4.18 °   [ 24 ]  . Similarly, the mean odon-
toid screw angle was 65.61 ° ± 3.75 ° in our study. Aside from 
mean odontoid screw angle measurements, it was also found 
that in cases in which the odontoid screw angle was 

  Table 1    Summary of the measurements of the odontoid screw angle, and the angle between the lower second and the upper third cervical vertebral body 
endplate. 

  Variables    Mean    Standard Deviation (SD)  

  odontoid screw angle    65.61 °    3.75 °  
  angle between the lower second and the upper third cervical vertebral endplate    15.24 °    4.85 °  
  odontoid screw angle in which the third cervical vertebra would not have been needed to be rimmed    63.87 °    2.84 °*  
  odontoid screw angle in which the third cervical vertebra would have been needed to be rimmed    67.28 °    3.77 °*  
  *p-value = 0.001  

    Fig. 3     a  Intraoperative lateral fl uoroscopic image 
showing trajectory for odontoid screw fi xation 
after the antero-superior portion of the C3 corpus 
was rimmed and the anterior annulus of the C2-3 
disc was removed in the midline. The white arrow 
indicates the 69.90 °  odontoid screw angle; the 
black arrow indicates the part of the C3 body that 
was needed to be rimmed.  b  The odontoid screw 
has been advanced to the fracture site after the 
rimmimg of the antero-superior portion of the C3 
verberal body. 
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67.28 ° ± 3.77 °, the superoanterior portion of the third cervical 
vertebra would be needed to be rimmed in order to have space 
for screw placement. On the other hand, in cases in which the 
odontoid screw angle was 63.87 ° ± 2.84 °, the superonterior por-
tion of the third cervical vertebra would not be needed to be 
rimmed.
  Anterior screw fi xation is contraindicated in patients with trans-
verse ligament disruption, concomitant atlantoaxial joint inju-
ries, and a fracture line parallel to the screw trajectory. Cervical 
kyphosis, obesity (which makes it diffi  cult to obtain an optimum 
screw trajectory), cervical spondylosis and a large chest and 
short neck, alone or in combination, may limit access for screw 
placement   [ 9   ,  23 ]  . This fi xation should also not be used in 
patients with osteoporotic bone (due to the high risk of the 
screw backing out) and in pathological fracture   [ 3   ,  22 ]  .
  The main limitation of our study is that patients with odontoid 
fractures were not included in this study. Further clinical studies 
using these radiological measurements during surgery for odon-
toid fracture will be valuable. All spine surgeons should be aware 
of the anatomical relationship between the second cervical and 
third vertebra before odontoid screw fi xation, possibly limiting 
appropriate screw positioning.

    Conclusion
 ▼
   The odontoid screw angle may be easily measured on lateral cer-
vical radiographs. To measure the odontoid screw angle and 
evaluate the relation between the second and third cervical ver-
tebrae may facilitate the surgical procedure. In cases in which 
the odontoid screw angle is 67.28 ° ± 3.77 ° or higher, the supero-
anterior portion of the third cervical vertebra need to be rimmed  
allowing to insert the odontoid screw properly.

    Confl ict of Interest:        None    
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