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Introduction 
▪ Quantitative fluoroscopy (QF) makes possible the        
measurement of continuous inter-vertebral motion from 
digital fluoroscopic sequences.  
 
 
 
 
 
 

Further Information 
For examples of acquisition 
videos, imaging sequences and 
motion graphs, please  scan 
the QR code or visit:  
http://bit.ly/WONLCI  
 

Results 
Accuracy: QF was accurate to 0.5° for inter-vertebral sagittal plane 
rotation (IV-ROM) and to 1.16mm for instantaneous axis of rotation 
(IAR) location. 

RMS, root-mean-square; X,Y, co-ordinates of IAR; IAR, instantaneous axis 
of rotation; mm, equivalent millimetres from posterior-inferior corner of 
inferior vertebra 

RMS Error 
Flexion Extension 

 
IV-ROM (°) 

 
 IAR (mm) 

In plane Out of plane In plane Out of plane 
0.21 0.50 0.34 0.40 

X Y X Y X Y X Y 
1.06 0.79 1.16 0.63 0.73 0.98 0.48 0.55 

Intra-observer 
reproducibility 

Inter-observer 
reproducibility 

Maximum SEM Lowest ICC 
(95% CI) 

Maximum 
SEM 

Lowest ICC 
(95% CI) 

IV-ROM 1.14° 0.895 
(0.635 to 

0.973) 

0.80° 0.921 
(0.711 to 

0.981) 
IAR 3.56mm 0.040  

(-0.726 to 
0.937) 

7.66mm -0.080  
(-0.866 to 

0.937) 

Reproducibility: QF was reproducible for IV-ROM. While agreement 
for IAR location was generally good, reliability was poor.  

SEM, standard error of measurement; ICC, intra-class correlation 
coefficient (3,1) - two-way single measure mixed effects model 
(absolute agreement); 95% CI, 95% confidence interval 

Conclusion 
 
 
 
 
 
• Further work is needed to establish the intra-subject reproducibility 
of this technique to ascertain its ability to detect changes in patients 
before and after an intervention.    
   

Methods 
▪ Sequential images were captured with a Siemens Arcadis 
Avantic C-arm fluoroscope. Vertebral images from C1-6 were 
tracked throughout the motion using bespoke frame to 
frame registration codes written in Matlab (Mathworks, 
R2007b). 
 
Accuracy:  
▪ A model was constructed from two dry human cervical 
vertebrae (C4-5) with a digital inclinometer (Penny & Giles 
STT 280; resolution ± 0.07°) fixed to the superior segment.  
▪ The model was rotated through 20° flexion then 20° 
extension while simultaneously being imaged.  
▪ The imaging was repeated with the model rotated axially 
10° out-of-plane to the x-ray beam. 

 
Reproducibility (agreement and reliability):  
▪ 10 (5 female) participants aged 23 – 50 years were imaged 
during flexion and extension using a standardised acquisition 
protocol that provided stabilisation while they followed a 
motorised motion frame over a known rate and range (Fig 1).  
▪ The flexion and extension fluoroscopic sequences were 
analysed twice six weeks apart by one observer and once by 
a second observer.   
 

Figure 1: Quantitative fluoroscopy set-up for cervical spine 

▪ This study aimed to determine the accuracy and 
reproducibility of QF in the measurement of inter-
vertebral range-of-motion (IV-ROM) and in locating the 
instantaneous axes of rotation (IAR) in the cervical spine 
in the sagittal plane. 

• QF was able to accurately and reliably determine IV-ROM and 
IAR locations in the cervical spine of living subjects. However, IAR 
differences between individuals cannot yet be confidently 
identified due to poor reliability. 
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