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Background  
•  Cervical radiculopathy arises from the foraminal encroachment of 

the spinal nerve due to a variety of factors, including spondylosis 
and disc herniation.1  

•  Non-surgical (conservative) interventions are often the initial 
approach in treating most patients, and 52% - 77% of patients 
improve after physical therapy at short-term follow-up.2 

•  An understanding of the in vivo mechanisms associated with pain 
relief following conservative treatment may help clinicians identify 
patients most likely to respond to conservative treatment. 

•  There is no data demonstrating the change in neural foramen 
during dynamic functional movements or common clinical tests. 

 

Aim 
•  To evaluate dynamic changes in the neural foramen size in 

cervical radiculopathy patients before and after conservative 
management and to compare those changes to healthy controls. 

Hypotheses 
•  Neural foramen size would be smaller in radiculopathy patients in 

comparison to controls. 
•  Neural foramen size would increase after successful conservative 

treatment for cervical radiculopathy.  
 
 
 
 
 

Subjects 
•  8 patients with cervical radiculopathy (age = 52.2 ± 9.4 years; 5 

females; 6 with C5/6 radiculopathy, 6 with C6/7 radiculopathy) and 
10 asymptomatic controls (age = 45.2 ± 5.9; 6 females). 

•  All patients underwent conservative treatment twice a week for 8 
weeks and repeated the movement trials in the biplane X-ray 
system following the intervention. 

Figure 2. Neural foramen color-
coded according to percent 
change in cross-sectional area 
during Spurling’s maneuver to 
the right.  

•  The reliability of our measurements between motion trials was 
0.997 and 0.994 for patients and controls, respectively. 

•  No significant difference was identified among neural foramen 
areas in the neutral position (Table 1). 

•  At maximum Spurling’s maneuver toward the affected side, C5/6 
and C6/7 neural foramen areas became smaller in controls than in 
radiculopathy patients at baseline (-7.5% ± 14.7% vs. -28.1% ± 
9.7%, p = 0.016 and -6.4% ± 9.6% vs. -24.2% ± 11.8%, p = 0.006, 
respectively). 

•  At maximum Spurling’s maneuver toward the affected side, C6/7 
neural foramen areas became smaller from baseline to post-
treatment in radiculopathy patients (-6.4% ± 9.6% vs. -13.8% ± 
8.7%, p = 0.031). 

Figure 3. Percent change in (A) C5/6 and (B) C6/7 neural foramen area at maximum 
extension and lateral rotation (Spurling’s maneuver) towards the affected side. 

•  This is the first study to demonstrate the effect of Spurling’s 
maneuver on neural foramen size in cervical radiculopathy 
patients and controls.  

•  During Spurling’s maneuver, the size of the C6/7 neural foramen 
in radiculopathy patients decreased after physical therapy, likely 
due to increased intervertebral ROM after treatment. 

•  Age-matched controls also had a greater decrease in neural 
foramen area than radiculopathy patients during Spurling’s 
maneuver. 

•  Clinical significance 
•  3D dynamic imaging can reliably measure cervical neural foramen 

during dynamic function and clinical tests. 
•  This technique may be useful in elucidating the mechanism by 

which conservative treatment relieves nerve root irritation in 
patients with cervical radiculopathy. 
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Data Collection 
•  A biplane x-ray system captured three separate movements for 

each subject at 30 frames/s: 
•  Neutral Position (Figure 1A). 
•  Flexion-Extension (3 trials) 
•  Extension-Lateral Rotation (Figure 1B, 4 trials) 

•  Cervical spine CT scans were obtained for each participant. 

Data Processing 
•  C2-C7 motion was determined using a 

previously validated volumetric model-
based tracking process that matched 
subject-specific CT-derived bone 
models to biplane radiographs3. 

Neural Foramen Area Calculation 
•  An automated computer algorithm 

determined neural foramen area for 
each frame of the motion trial (Figure 
2)4. 

Statistical Analysis 
•  t-tests were performed to identify 

differences in neural foramen areas. 
Significance was set to p < 0.05. 

Figure 1. Subject in (A) static neutral position and (B) performing extension-lateral 
rotation (Spurling’s maneuver) to the right. 

Methods 

Table 1. Neural Foramen Area in Neutral Position 
C5/6 (mm2) C6/7 (mm2) 

Baseline Ipsilateral 43.5 ± 19.7 48.6 ± 21.8 
2-Month Ipsilateral 43.7 ± 19.4 48.5 ± 19.1 
Baseline Contralateral 44.9 ± 25.9 42.2 ± 13.8 
2-Month Contralateral 47.0 ± 25.0 45.1 ± 12.8 
Control 44.8 ± 14.7 52.2 ± 13.2 
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