
Background

• Anterior cervical discectomy and fusion (ACDF) is performed 

approximately 150,000 times in the US each year1 with 14-32% 

becoming symptomatic again within 10 years of surgery2.

• It is unclear whether the new pathology is related to the surgical 

procedure or a part of the natural history3.

• Intervertebral ROM is typically used to evaluate adjacent 

segment kinematics after ACDF (Figure 1), but ROM only 

provides information regarding the quantity of motion, rather 

than the quality of motion4.
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Data Collection

• All participants consented to participate in these IRB approved studies (Table 1).

• Synchronized biplane radiographs of the cervical spine were collected at 30 images/s for 

3 seconds while participants moved through 3 trials of full flexion/extension.

• Radiographs of the arthrodesis patients were recorded before and 1 year after ACDF.

Data Processing

• Computed Tomography (CT) scans were used to create subject-specific 3D models of 

each cervical vertebra.

• A validated volumetric model-based tracking technique5 was used to match the subject-

specific bone models to the biplane radiographs (Figure 2).

Figure 2: Biplane radiography data collection and processing5. (A) Participants performed full ROM flexion/extension 

to the beat of a metronome while (B) synchronized biplane radiographs were collected at 30 images per second for 3 

seconds (70kV, 125mA, 2.5ms pulse width). (C) C1 to C7 CT scans were collected and (D) used to create 3D bone models. 

(E) 3D vertebral kinematics were determined using a validated CT model-based tracking process. (F) 6 degrees of freedom 

kinematics were calculated throughout the full ROM.

• ICR was calculated using the finite helical axis method6,7, at every 2° increment of 

flexion/extension from -6° (extension) to +6° (flexion) of each subaxial motion segment.

• Changes in ICR location from before to after surgery were analyzed in the arthrodesis 

patients at the motion segments superior and inferior to the fusion. 

Data Analysis

• Student’s t-test was used to identify differences between groups at corresponding 

motion segments and within the arthrodesis group from PRE to POST with a Bonferroni 

correction applied to account for multiple comparisons.
• Significance was set at p < 0.05 for all tests.

• There were no differences found in the AP or 

SI location of the ICR between the controls 

and PRE arthrodesis patients at the C2/C3 or 

C3/C4 motion segments (Figure 3).

• There were no differences found in the 

symptomatic C4/C5 or C6/C7 motion 

segments (Figure 3).

• The ICR at the symptomatic C5/C6 was more 

anterior in the arthrodesis group than the 

controls at 6° of flexion (Figure 3, purple 

circle vs. triangle, p = 0.038).

• Average differences in the ICR location from 

PRE to POST at the adjacent levels ranged 

from 0.7% in the SI direction at C6/C7 to 

7.3% in the SI direction at C6/C7 (Table 2).

• Symptomatic pathology was not associated with changes in the ICR, suggesting pain 

does not alter the way in which motion occurs at the cervical spine.

• We were unable to detect changes in the ICR at the adjacent levels after ACDF, 

suggesting that ACDF does not alter adjacent segment kinematics.

• It is plausible that the ICR is not sensitive enough to pick up small changes that may have 

occurred either due to ACDF surgery or to pathology.

• Limitations include the small sample size and the short term follow up after surgery.

• Strengths include level-dependent comparisons, and the use of multiple trials to 

calculate and ICR.

Clinical Significance

• Neither pathology nor ACDF surgery appeared to alter how motion occurs at the 

symptomatic or adjacent segments during cervical spine flexion/extension.

• These findings support the belief that ACDF surgery does not alter adjacent segment 

kinematics.
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Figure 3. ICR locations from 6°of intervertebral 

extension (dark red) to 6° of intervertebral flexion 

(purple) in the arthrodesis (triangles) and controls 

(circles) at each intervertebral level.

Table 1. Participant demographics.

Controls
Arthrodesis Participants

C4/C5/C6 C5/C6/C7 C5/C6 C6/C7 C4/C5

N 29 7 18 12 7 1

Age 46.3±6.7 52.9±3.7 48.7±8.2 47.5±5.9 44.4±8.3 45

Sex 10M : 19F 6M : 1F 10M : 8F 4M : 8F 2M : 5F 1F

Table 2. Average PRE to POST difference in ICR.

Level SI (% Height) AP (% Width)

C3/C4 5.4±15.3 3.3±17.8

C4/C5 0.7±10.1 -1.2±9.3

C5/C6 0.9±4.5 2.6±5.6

C6/C7 -0.7±1.9 7.3±6.2

-6° 6°0°

Arthrodesis Control

Figure 1. Static (A) flexion, and (B)

extension radiographs, typically 

used to evaluate motion after ACDF.

A B

• The instant center of rotation (ICR) which incorporated the combined translation and 

rotation that occurs during the movement has been proposed to evaluate motion quality.

Aims

• Evaluate the effect of pathology on the ICR as well as the effect of ACDF of ICR.

Hypothesis

• Pathology and fusion will affect the ICR. 
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