
1)Fielding, JBJS, 1964. 2) Schwab et al., Spine, 2006. 3) Riew, JBJS, 2013. 4) Watanabe, et al., 

Eur. Spine J., 2012. 5) Sasso, et al., J. Spine. Disord. Tech, 2008. 6) Park, et al., Spine, 2001.7) 

Davis, et al., J. Neurosurg. Spine, 2013. 8) Anderst, et al., J. Biomech., 2015. 9) Anderst, et al., 

JBJS, 2013. 10) Anderst, et al., Spine, 2011. 

This project was supported by The National Institute of Health

Grant 1R01AR069543-01 

References and Acknowledgement 

• Previous clinical trials reported intervertebral ROM at the index 

and adjacent segments that were at least 20% less than in the 

present study4-7.

• Pre-operative patients (PRE) had less flexion/extension ROM than 

YC and OC across all subaxial motion segments, but during axial 

rotation PRE ROM was less only in the upper cervical spine 

(C1-C3).

Clinical significance

• Pre-surgical index and adjacent segment ROM appears to be at 

least 20% greater than previously reported in prospective, 

randomized clinical trials. Increased adjacent segment ROM after 

arthrodesis may not be as large as previously reported.

• These differences may be due to dynamic vs static 

measurements.
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Background 

• Current research points to changes in adjacent segment motion 

following anterior cervical discectomy and fusion (ACDF) as a 

potential cause for later adjacent segment pathology1,2. 

• Pre-operative kinematics data is essential to evaluate the changes 

in adjacent segment motion after arthrodesis3.

• Current pre-operative kinematic data is limited to two-dimensional 

(2D) static radiographic measurements that may not accurately 

reflect dynamic motion4,7.

• The present study addresses current limitations by measuring pre-

operative dynamic three-dimensional (3D) in vivo kinematics.

Aim

• Compare pre-operative 3D in vivo intervertebral range of motion 

(ROM), static lordosis, and head ROM to similar age and younger 

asymptomatic control groups.

Hypothesis

• Intervertebral ROM, static lordosis, and head ROM will be less in 

the pre-operative (PRE) group as compared to younger controls 

(YC) and older controls (OC).

Introduction Results

Static Neutral

• C3-C7 lordosis was less in 

PRE (0.6°) vs. YC (11.7°) 

(p = .009; Fig. 1), and not 

different from OC (1.3°)  

(p = .50).

Figure 3. Intervertebral 

range of motion in the 

cervical spine during 

dynamic, full range of 

motion axial rotation in 

young controls (YC), 

older controls (OC) and 

pre-operative patients 

(PRE). Mean± 1 SD. 

Subjects

• Anterior arthrodesis patients (PRE) were tested in the month prior 

to surgery and compared to two previously collected data sets8.9 

(Table 1).

Methods

Flexion/Extension

• Intervertebral ROM was less in PRE vs YC (all p ≤ .01; Fig. 2).

• Head ROM was approximately 30° less in PRE vs YC. 

Axial Rotation

• Intervertebral ROM was less in PRE vs YC (all p ≤ .002; Fig. 3).

• Head ROM was 25° less in PRE vs YC. 

• Head ROM was 13° less in PRE vs OC.

Data Collection

• Subjects performed dynamic full ROM axial rotation (3 trials) and 

flexion/extension movements (3 trials) while seated in a biplane x-

ray system collecting radiographs at 30 images/s for 3s.

• A conventional motion analysis system (Vicon; 60 Hz) using skin-

mounted reflective markers was used to calculate head motion 

relative to the torso.

• CT scans (0.29x0.29x1.25mm) were obtained for each 

participant’s cervical spine (C1-C7). 

Data Processing

• Coordinate systems were established for each vertebra. 

• Kinematics were determined with sub-millimeter accuracy using a 

previously validated volumetric model-based tracking process that 

matched subject-specific CT-derived bone models to biplane 

radiographs10 (Fig. 1).

• Independent samples t-tests were used to compare differences 

between groups (PRE vs. YC) and (PRE vs. OC). 

Figure 1. Biplane radiographs with CT derived bone model 

(green) 

Scan for video

Figure 2. Intervertebral 

range of motion in the 

cervical spine during 

dynamic, full range of 

motion flexion/extension 

in young controls (YC), 

older controls (OC) and 

pre-operative patients 

(PRE). Mean ± 1 SD. 

Figure 4. 3D 

bone models in 

static neutral 

position. PRE 

(left) and YC 

(right). 
Table 1: Subject Demographics 

OC YC PRE

Subjects (n) 10 29 12

Sex (male:female) 4:8 15:14 4:6

Average age (range) 45 (39-51) 28 (21-35) 49 (42-56)


