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Background  
•  Abnormal atlantoaxial spine motion has been linked to numerous 

pathologies including whiplash1, cervicogenic2 and post-
concussive3 headaches, C2 fractures4 and rheumatoid arthritis5.  

•  Normal C1/C2 kinematics under physiologic conditions have not 
been previously reported due to technical limitations in imaging.  

•  Current kinematic data is primarily derived from static imaging in 
supine patients6,7. 

•  Static data may not accurately reflect dynamic motion8. 
•  Clinical treatment for upper cervical spine conditions requires an 

understanding of both pathological and normal atlantoaxial 
kinematics.  

 

Aim 
•  Determine dynamic 3D in vivo kinematics of C1 and C2 during 

upright axial head rotation.  
 
 
 
 
 
 

Subjects 
•  Twenty asymptomatic participants (13 male, 7 female; age range: 

21-35 years; average age 28±4.2 years) that were non-smokers, 
with no history of neck surgery, chronic neck pain or osteoporosis. 

Figure 1. Example of a participant 
seated within the  biplane x-ray 
system.  

Figure 2. 3D bone models of C1 and C2 with anatomic coordinate 
systems. Translations were measured between coordinate system 
origins, and rotation of C1 relative to C2 were measured about the 
coordinate system fixed within C2. 

•  The maximum global head 
rotation (to one side) was 
73.6±8.3° whereas C1 rotation 
relative to C2 was 36.8±6.7° 
(Figure 3).  

 
•  The relationship of C1/C2 

rotation versus head rotation 
was linear in a nearly 1:1 
relationship through the 
midrange of motion becoming 
nonlinear past approximately 
30° of head rotation. 

 
•  Coupled rotation of C1 

occurred with 7.8±4.8° of 
extension, and 9.8±3.8° of 
lateral bending opposite the 
side of head axial rotation.  

 
•  Translational motion of C1 was 

7.8±1.5mm laterally in same 
direction as axial rotation, 
2.2±1.2mm inferiorly (Figure 
4), and 3.3±1.0mm posteriorly.  

Figure 3: Rotation of C1 relative to C2 
during 1+ cycle of continuous head rotation 
for a representative subject. C1 orientation 
relative to C2 is shown (from above) at the 
end ranges, midrange in each direction, 
and neutral position.  

Figure 4: Superior-inferior translation of C1 
relative to C2 during 1+ cycle of continuous 
head rotation for a representative subject. 
C1 orientation relative to C2 is shown 
(anterior view) at the end ranges, midrange 
in each direction, and neutral position.  

•  Diagnosing dysfunctional atlantoaxial motion is often challenging 
given limitations of current diagnostic imaging techniques.  

•  We believe this is the first study to describe 3D atlantoaxial 
kinematics under physiologic conditions during active upright head 
rotation in healthy subjects.  

•  C1/C2 rotation accounts for approximately half of total head axial 
rotation consistent with previous studies. 

•  C1 undergoes coupled extension and contralateral bending, in 
addition to inferior, ipsilateral and posterior translation to a greater 
magnitude than previously reported. 

 Clinical significance 
•  3D dynamic imaging may be useful in identifying dynamic 

instability not apparent on static imaging and therefore could 
impact treatment for patients suffering from cervical pathology. 
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Data Collection 
•  Subjects were seated within a 

biplane x-ray system and performed 
full head rotation while radiographs 
were collected simultaneously at 30 
images per second (Figure 1).  

•  An 8-camera conventional motion 
analysis system (Vicon-MX; 60 Hz) 
using trackable reflective markers 
was used to calculate head motion. 

•  Cervical spine CT scans were 
obtained for each participant. 

Data Processing 
•  C1 and C2 motion was determined using a previously validated 

volumetric model-based tracking process that matched subject-
specific CT-derived bone models to biplane radiographs9. 

•  Head axial rotation and six degree-of-freedom kinematics of C1/
C2  were analyzed. 

Range of Motion Calculation 
•  Cervical spine intervertebral rotational range of motion during the 

dynamic movement trials was determined using projection angles 
(Pxj, Pyi, Pzi) (Figure 2). 
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