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Abstract: Flexion-extension x-rays are almost exclusively employed to analyze cervical spine kinematics. Yet, 2D 
radiographic measures of key vertebral metrics used to evaluate cervical stability are limited by x-ray source beam 
divergence, magnification errors and off-axis image acquisition. Three-dimensional CT images can be used to accurately 
measure these parameters, however flexion-extension CT scans are rarely acquired and do not provide information on the 
kinematics of the loaded cervical spine. This study evaluates the ability of an open source 2D-3D intensity-based image 
registration algorithm (xSePT) to create accurate flexion-extension 3D CT quality data from 2D flexion-extension 
radiographs and a single neutral 3D CT scan. Off axis 2D digitally rendered radiographs (DRRs) were generated from a 
set of ‘gold standard’ flexion-extension CT images of a single patient. The xSePT algorithm used the DRRs and a neutral 
CT to generate 3D flexion-extension CT images. Cervical vertebral metrics of subluxation, intervertebral disc height and 
interspinous process gap distance were compared between the ‘gold standard’ flexion-extension CT images, the 2D 
flexion-extension DRRs and the 3D output of the xSePT algorithm. The xSePT 2D-3D registration tool successfully 
aligned to the original flexion-extension CT data within 1° rotation and 0.5mm translation. The algorithm rapidly 
calculated values for the vertebral metrics equivalent to those based on the original flexion-extension CT data. Future 
evaluation of cervical pathology and kinematics under load may be possible through the application of this algorithm to 
generate 3D loaded flexion-extension data based on 2D standing flexion-extension x-rays and a single neutral unloaded 
CT scan. 
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INTRODUCTION  

 In assessing the stability of the cervical spine, radio-
graphy is the predominant tool owing to its simplicity, acce-
ssibility and speed. In particular, for segmental motion 
analysis of the cervical spine, functional flexion-extension x-
rays are employed. The flexion-extension x-rays are taken 
laterally in order to assess abnormal motion caused by injury 
to the ligamentous structures of the spine when vertebral 
fractures do not present in neutral radiographs or computed 
tomography but pain is still reported by the patient. These 
functional radiographs can also be used to check the effect of 
surgical fusions at the desired level and at levels adjacent to 
the fusion site. 
 In order to evaluate cervical stability using flexion-exten-
sion radiographs many metrics including disc height, inter-
spinous process distance, subluxation and adjacent vertebral 
level rotation are quantified [1-3]. These measurements 
require accurate landmarking of several key features such as  
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the four corners of each vertebral body visible in the radio-
graph. The most common problem in assessing radiographs 
is the quality of the x-ray film obtained. Distortional effects 
caused by the divergence of the x-ray source beam lead to 
poor resolution radiographs on which it is difficult to accu-
rately landmark key structures. In larger patients 50% or 
more of the cervical spine can be hidden on lateral x-rays by 
the patient’s shoulders. Moreover, even if a high quality 
radiograph with well defined structures is obtained, mea-
sured values of translational and rotational metrics can be 
limited [4,5]. The apparent translation in the sagittal plane 
may be affected by the amount of rotation of the vertebrae in 
the sagittal plane or the amount of rotation about the vertical 
axis of the spine (presents when radiographs are not taken in 
a true lateral position). True distance measurements of 
subluxation are difficult to ascertain when the magnification 
of the x-ray image is unknown. These common radiographic 
problems complicate the assessment of cervical spine 
stability on flexion-extension x-rays and in some cases can 
lead to misdiagnosis. 
 Many of the issues associated with evaluating flexion-
extension x-rays would be avoided if the movements of the 
cervical spine could be visualized in 3D. However, flexion-
extension computed tomography (CT) images are rarely 
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taken (due to cost, limited resources and higher radiation 
dose) and when they are done it is with the patient in the 
supine position rendering an unloaded assessment of the 
cervical spine [6]. This unloaded motion often may not 
properly recreate the potential kinematic problems of the 
cervical spine. It is thus our objective in this study to develop 
a method for reconstructing 3D flexion-extension images 
based on a single neutral CT scan and flexion-extension 
radiographs. This 2D-3D registration technique will be 
evaluated in its ability to measure key metrics of cervical 
spine kinematics.  

MATERIALS AND METHODS  

Imaging 

 Neutral (C2-C7), flexion (C2-C7) and extension (C2-C5) 
cervical spine CT scans were retrospectively acquired from a 
single patient at a resolution of 0.3125 x 0.3125 x 0.625 mm3 
using a helical CT scanning protocol (140 KVP/597 mA, GE 
Medical Systems LightSpeed VCT). Digitally rendered 
radiographs (DRRs) were created from the flexion and 
extension CT scans using a ray casting method. All image 
analysis was completed using Amira Dev 5.1 (Visage 
Imaging GmbH, Germany). Off angle radiographs were 
created at a 7 degree rotation about the vertical axis of the 
spine. This orientation represents flexion and extension 
radiographs that are deviated from true lateral, a common 
occurrence in clinical radiographic imaging (Fig. 1). These 
generated DRRs provide the 2D inputs for the 2D-3D 
registration. The corresponding neutral cervical spine CT 
was manually segmented for each individual cervical 
vertebra from C2 to C7 in order to provide the 3D image 
inputs for the 2D-3D registration. 

 
Fig. (1). Original generating CT input and digitally rendered 
radiograph (generated with a source to image distance of 1791 mm 
and a source to detector distance of 1840). 

2D-3D Registration (Fig. 2) 

 The registration was performed using open source soft-
ware xSePT developed by Steininger and Neuner [7]. This 
robust tool is a simple intensity based 2D-3D registration of 
a 3D volume (CT image) with a single 2D image (radio-
graph). The software treats the provided 2D x-ray as a fixed 
image. The 3D volume is rigidly transformed with 6 degrees 
of freedom about a user defined center of rotation. The 
registration is an iterative process with the each iteration 
creating a 2D projection (DRR) based on the moving 3D 

image. The generated projection is then matched to the fixed 
2D input radiograph using histogram profile matching and 
the obtained transform is then applied to the input 3D image 
to drive the next iteration. The process is repeated for up to 
1000 iterations or until convergence of the rigid transform is 
reached. In order to increase the precision of the algorithm 
the iterative process is performed on two levels with the first 
level using half the original xy resolution (referred to as in 
plane resolution for the radiograph) for both the 2D and 3D 
images; the second level is then carried out at the original 
input resolution for both images. For each of the two levels 
the user must also define the minimum and maximum 
intensity (measured in Houndsfeld units; HUs) of interest for 
both the fixed (radiograph) and moving (CT) histograms. 
This feature is essential to the 2D-3D registration process as 
typical 3D-3D registration is performed using volumes and 
not 2D projections. For this study, each isolated neutral 
vertebra was registered with both the flexion and extension 
DRRs. Refer to Appendix Table A1 for detailed parameters 
used to initialize the xSePT tool in this study. 
 The input alignment for each isolated vertebra was initia-
ted with the assumption that the fixed image was a true late-
ral radiograph. This yielded an initial 3D image placement 
that was 7 degrees rotated about the anatomical vertical/x 
axis. An artificial translation of 3.5 mm was also applied to 
each 3D vertebra in the coronal plane.  

Validation  

 The quality of the 2D-3D registration was evaluated by 
comparing the 3D position of each vertebra prior to and 
following the xSePT tool to the original CT data in both 
flexion and extension.  

Vertebral Metrics 

 All CTs and radiographs were landmarked at the 4 
corners of the vertebral bodies when viewed in the sagittal 
plane and at the anterior most point of the spinous process 
(where it forms part of the spinal canal margin) (Fig. 3). 
Vertebral subluxation, vertebral rotation and intervertebral 
disc height were measured for each spinal motion segment 
based on the work of Frobin et al., [1,8] (Abobe Illustrator 
CS3; San Jose, CA). 
 Posterior vertebral subluxation was measured as the 
transverse distance between the inferior posterior corner of 
the cranial vertebra (point 3) and superior posterior corner of 
the caudal vertebra (point 1). Similarly, anterior subluxation 
was measured using the corresponding anterior corners 
(point 4 of cranial vertebral body and point 2 of the caudal 
vertebral body). 
 Vertebral rotation was measured as the angle formed 
between the determined vertebral midplanes of adjacent 
vertebrae. The angle is positive if the formed wedge opens 
anteriorly. Upon calculating the angle of vertebral rotation 
between adjacent vertebrae the bisectrix can be determined 
and placed in the disc space between the adjacent vertebrae.  
 The intervertebral disc height can be quantified by 
drawing a perpendicular line from the geometric centre of 
each adjacent vertebra to the bisectrix. The intervertebral 
disc height is the sum of the axial distances from the 
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bisectrix to the cortical bone margin of both the cranial and 
caudal vertebral body along the determined perpendicular 
lines.  
 The interspinous process distance was adapted from the 
work of Sobotke et al., [9]. Using the more posterior of the 
two spinous process landmarks, the interspinous process 
distance is measured as the axial distance from the inferior 
cortical shell margin of the superior spinous process to the 
superior cortical shell margin of inferior spinous process. 

Statistical Analysis 

 Pairwise t-tests were performed to make comparisons 
between the initial and final alignments as well as to evaluate 

the differences between vertebral metrics. Correlations (R2) 
and mean differences between groups are reported for all 
tests performed on vertebral metrics with a probability level 
of p<0.05 taken as statistically significant. All statistical 
analysis was performed using SPSS statistical software 
(SPSS Inc., Chicago, IL). 

RESULTS  

2D-3D Registration (Tables A2 and A3) 

 The 2D-3D registration tool xSePT was evaluated for 6 
vertebrae (C2-C7, Table A2) in flexion and 4 vertebrae in 
extension (C2-C5, Table A3). In flexion, the average devia-

 
Fig. (2). Steps taken to validate xSePT 2D-3D intensity-based image registration tool using digitally rendered radiographs as the 2D input 
and isolated 3D vertebrae from a neutral CT. Vertebral metrics were measured in order to compare the results of the 2D-3D registration with 
radiographs. 
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tion with initial manual alignment was 7.01° in axial rotation 
and 0.5mm,  0.62mm  and  3.53mm  in x, y and z translation, 
respectively. Following the xSePT 2D-3D registration the 
average deviation of the final alignment was 0.43° in axial 
rotation and 0.37mm, 0.35mm and 0.52mm in x, y and z 
translation, respectively. Significant reductions in malalign-
ment were achieved in axial rotation and z translation 
(p<0.05), corresponding to the malalignment of the 
generated DRRs. In extension, the average initial deviation 

was 6.99° in axial rotation and 0.54mm, 0.64mm and 
3.59mm in x, y and z translation, respectively. Following the 
xSePT 2D-3D registration the average deviation of the final 
alignment was 0.84° in axial rotation and 0.49mm, 0.42mm 
and 0.48mm in translation. Similar to the flexion case, 
significant reductions in malalignment were achieved in 
axial rotation and z translation (p<0.05), corresponding to 
the malalignment of the generated DRRs (Fig. 4). 

 
Fig. (3). Vertebral metrics as adapted from Frobin et al. and Sobottke et al. The midpoint of the two anterior vertebral corners (points 2 and 
4) was used to define the midpoint of the anterior surface of the vertebral body. Likewise the two posterior corners (points 1 and 3) were 
used to define the midpoint of the posterior surface of the vertebral body. The line connecting the anterior and posterior midpoints defines the 
midplane of a given vertebra. Using all 4 corners of the vertebral body the geometric centre can also be defined. 

 
Fig. (4). A) Initial registration of cervical vertebrae assuming a true lateral radiograph (Black represents original generating CT; green 
represents the initial alignment). B) Final registration of cervical vertebrae following xSePT 2D-3D registration (Black represents original 
generating CT; blue represents final xSePT output.) 

 



Flexion-Extension Positioning in the Cervical Spine The Open Spine Journal, 2011, Volume 3     5 

Vertebral Metrics (Tables A4 and A5) 

 Overall, the mean values for interspinous process dis-
tance, intervertebral disc height, and vertebral rotation fol-
lowing the xSePT 2D- 3D registration were not significantly 
different than the determined from the original CT. In con-
trast, the flexion results from the 2D DRRs were signi-
ficantly different (p<0.05) from the original CT measure-
ments. In extension, the difference between the 2D DRRs 
were significantly different from the original CT measure-
ments only with respect to the interspinous process distance 
(p<0.05).  
 Specifically, in both flexion and extension, the posterior 
subluxation measured was found to have a higher correlation 
between the CT and xSePT output (flexion R2=0.65; exten-
sion R2=0.69) as compared to the correlation between the CT 
and generated DRR (flexion R2=0.56; extension R2=0.28). 
As well, the CT-xSePT mean differences were 70% lower in 
flexion and 47% lower in extension than the corresponding 
mean difference of the CT-DRR measurements. In exten-
sion, anterior vertebral subluxation yields similar results to 
posterior vertebral subluxation (R2=0.90, 95% reduction in 
mean difference). In flexion, anterior vertebral subluxation 
also demonstrated an improvement in the correlation follow-
ing xSePT (R2=0.88). While the mean difference of the CT-
DRR measurements in this case was less than that of the CT-
xSePT measurements, the standard deviation of the CT-DRR 
measurements was much greater (1.1mm vs. 0.31mm) 
indicating less precision. 
 Intervertebral disc height in both flexion and extension 
demonstrated improved correlation between the CT-xSePT 
measurement (flexion R2=0.41; extension R2=0.99) when 
compared with the CT-DRR measurements (flexion R2= 
0.021; extension R2=0.72). Furthermore, the mean difference 
between the CT-xSePT measurements was reduced when 
compared with the CT-DRR measurements for both flexion 
and extension (69%, 55%, respectively). 
 In extension, vertebral rotation demonstrated an imp-
roved correlation between the CT-xSePT measurements 
(R2=0.96) when compared to the CT-DRR measurements 
(R2=0.023). In flexion, the correlation between CT-DRR 
measurements (R2=0.83) is misleading as it represents a 
negative relationship between the outcome parameters. A 
moderate positive correlation was found for the CT-xSePT 
measurements (R2=0.52). In both flexion and extension, the 
mean differences in the CT-xSePT measurements were 
reduced compared to the CT-DRR measurements (95% and 
92% reductions respectively). 
 The interspinous process distance correlations between 
both the CT-DRR (flexion R2=0.83; extension R2=0.96) and 
the CT-xSePT (flexion R2=0.89; extension R2=0.96) were 
strong. However, in flexion, the mean difference between the 
CT-DRR measurements and the CT-xSePT measurements 
was reduced from -2.19mm to 0.71mm and in extension the 
corresponding mean differences were reduced from -1.16mm 
to -0.074mm.  
 Detailed quantification of the registration results and 
vertebral metric measurements for both flexion and 
extension cases can be found in Tables A2-A5 of the 
appendix. 

DISCUSSION  

 Vertebral metrics generated from 2D cervical spine x-
rays are used to evaluate spinal stability. However, limita-
tions in radiographic technology in terms of off axis image 
acquisition and magnification errors reduce the surgeons 
confidence in rendering clinical judgment based on the these 
values. 3D CT based measures can provide a robust evalua-
tion of cervical spine kinematics; however flexion-extension 
CT scans are rarely acquired and are not in an upright loaded 
position. The open source xSePT 2D-3D registration tool 
successfully achieved an alignment to the original CT data 
within 1° with respect to all rotational degrees of freedom 
and within 0.5 mm with respect to all translational degrees of 
freedom in both flexion and extension. The algorithm imp-
roved the measurements of the vertebral metrics, yielding 
similar values to those based on the original CT data. 
Additionally, the tool is easy to use and analysis requires less 
than 1 min of processing time per vertebral level. 
 The inability to accurately take key measurements based 
on the 2D radiographs may be due to the divergence of the x-
ray source beam that leads to blurring of the images, 
particularly at the cortical shell margins of the bone. These 
blurred margins affect the ability to precisely identify the 
edges of the bone, which may result in higher standard 
deviations as seen in the DRR measurements as well as 
variable degrees of magnification. In addition, off angle x-
ray image acquisition (as simulated in this study by axial 
rotation) will affect 2D measurements. The ability of the 
xSePT method to accurately register the 2D data to high 
resolution 3D CT data minimizes the impact of both blurring 
and off angle x-ray imaging. 
 Currently, 3D reconstructions with biplanar radiographs 
(frontal and lateral) are used for the visualization of scoliotic 
spines, a technique known as stereoradiographic 3D recons-
tructions. These reconstruction techniques are divided into 2 
main classes [6]. The first type requires corresponding struc-
tural landmarks visible on both radiographs with a direct 
linear transformation (DLT) algorithm employed to recons-
truct a point in 3D using its projections on the two x-ray 
films [10]. While the DLT algorithm is adequate for the non-
pathological vertebral bodies, the lack of stereo-correspond-
ing points in certain vertebral regions such as the posterior 
arch limits the robustness of this technique [10,11]. The 
second, more recent technique allows for 3D reconstruction 
by incorporating both stereo-corresponding points (visible on 
both radiographs) and non stereo-corresponding points 
(visible in only one radiograph). This more robust technique 
utilizes both the DLT algorithm as well as the non stereo 
corresponding points (NCSP) technique to optimize the 3D 
reconstruction [12]. The DLT algorithm is first applied to the 
stereo-corresponding points and the NCSP optimizes the 
initial rendering based on the assumptions that: 1) the 
anatomical landmark to be reconstructed is situated on the 
line defined by the source point and the projection of the 
anatomical landmark on the radiograph and 2) the chosen 
anatomical landmark is also located on the surface of the 
vertebra to be reconstructed. While these techniques have 
reported strong results for both 3D shape reconstruction of 
the vertebra as well as 3D orientation one must remain aware 
that they are only reconstructions of a vertebra not a rigid  
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transformation of a pre-existing isolated 3D vertebra from 
CT [13]. Furthermore, it is evident that these methods are 
computationally intensive as well as manually laborious 
owing to the number of landmarks the operator needs to 
select. These landmark placements will also suffer from 
general radiographic shortcomings related to image blurring. 
In contrast the xSePT tool is able to register 2D to 3D data 
using a single planar radiographic image in conjunction with 
3D histogram intensity data from an original CT image. The 
final 3D output is not a reconstruction but instead a rigid 
transformation of an original CT image yielding vertebral 
orientations that will not lose morphological information. 
 Clinically, 3D flexion and extension CT images are not 
frequently acquired in the cervical spine. As such our study 
was limited to a single data set with 6 vertebral levels visible 
in the flexion CT and 4 in the extension CT. The lower num-
ber of vertebrae available for analysis in extension may have 
limited our ability to demonstrate statistically significant 
differences in the extension vertebral outcome metrics. 
 The use of DRRs to simulate the flexion and extension 
radiographs was necessary to allow for validation of the 
registration algorithm. In the ray casting method, a simulated 
beam is sent from the source to the detector through each 
pixel on the DRR plane and the sum of all intensities 
encountered on this path is given as the final intensity of the 
DRR at that location. For this reason we were able to 
effectively choose threshold values for the xSePT tool 
registration based on each individual vertebra’s CT histo-
gram. However, the ray casting method does not effectively 
simulate true clinical radiographic images, as it does not 
account for x-ray beam divergence which skews the actual 
intensity values on the x-ray film. The xSePT tool is, how-
ever, equipped to handle clinical radiographs by incor-
porating an option to specify an intensity transfer function. 
The intensity transfer function allows the user to choose key 
structures present in both the 2D and 3D images and derive a 
stepwise linear relationship between the intensities of the CT 
and radiographic images to account for the x-ray beam 
divergence [14].  

 The xSePT open source tool has demonstrated itself to 
yield robust 2D to 3D registration using 3D CT data and 2D 
plain radiographs. While the specific 3D imaging modality 
(CT) required as the input for the tool provides spinal 
kinematic information related to the motion of the bony 
structures of the vertebral column, it does not visualize the 
behavior of the associated soft tissues. One of key motivators 
for acquiring loaded flexion-extension information of the 
cervical spine, however, is to assess the effects of motion on 
the soft tissue structures, particularly the spinal cord. To 
achieve this requires the integration of 3D soft tissue 
imaging data into the registration procedure. Much work has 
been done regarding methods for merging CT with magnetic 
resonance image (MRI) to yield registrations that contain 
both bony structure and soft tissue information [15-18]. If 
MRI data could be incorporated into the xSePT tool it would 
be a first step in obtaining a 2D-3D registration that could 
provide a comprehensive view of motion in the spinal 
column. The interpolation of soft tissue behavior requires an 
in depth understanding of the underlying material properties 
that may motivate the use of computational modeling tools, 
such as finite element analysis. Recent advances in MRI may 
obviate the need for CT imaging and allow the acquisition 
and integration of a single imaging modality to obtain both 
bone and soft tissue information [19-22]. Such 3D MRI data 
combined with 2D radiographs could be used as the input to 
the xSePT tool to yield 3D kinematic information of the 
bony vertebral structures as well as details of the soft tissue 
responses to such motion.  
 Overall, this study demonstrates the ability of 2D-3D 
registration to yield improved accuracy of important verte-
bral metrics utilized for clinical assessment of cervical spine 
stability. This method utilizes flexion extension radiographs 
and CT data in a neutral position which are acquired as a 
current standard of care in orthopaedic and neurosurgical 
clinical practice. Acquisition of controlled flexion-extension 
loaded radiographs may allow future evaluation of the 
xSePT registration algorithm as a tool for generating loaded 
3D flexion-extension images from 2D x-ray data and a single 
neutral CT to facilitate the evaluation of cervical pathology 
and kinematics not evident in unloaded imaging.  

 
 

Appendix 
Table A1.  Input Parameters for 2D-3D Registration Using Open Source xSePT Registration Tool. All Input Images (CT and 

Radiographs) were Scaled to have Intensity Values Ranging from 0 to 255 HUs 
 

Threshold Value (HUs) 
Algorithm Level Input 

Minimum Maximum 

Fixed (radiograph) 176 255 
Level 1 

Moving (CT data) (Median histogram intensity) - 5 255 

Fixed (radiograph) 176 255 
Level 2 

Moving (CT data) Median histogram intensity 255 
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Table A2.  Flexion 2D-3D Registration Before and after xSePT Tool (* Represents Statistically Significant Differences in the Mean 
Values of the Initial and Final Alignment, p<0.05) 

 

  x Rotation 
(deg)* 

y Rotation 
(deg) 

z Rotation 
(deg) 

x Translation 
(mm) 

y Translation 
(mm) 

z Translation 
(mm)* 

Initial 7.04 0.04 0.18 0.56 0.59 3.49 
C2 

Final 0.035 0.055 1.02 0.20 0.22 1.01 

Initial 7.00 0.01 0.11 0.47 0.54 3.58 
C3 

Final 0.04 0.12 0.91 0.22 0.34 0.27 

Initial 7.03 0.06 0.05 0.49 0.51 3.54 
C4 

Final 0.92 1.16 0.14 0.43 0.53 0.42 

Initial 6.99 0.01 0 0.51 0.56 3.55 
C5 

Final 1.16 0.23 0.61 0.29 0.56 0.49 

Initial 6.99 0 0.08 0.48 0.55 3.46 
C6 

Final 0.39 0.51 0.78 0.67 0.26 0.01 

Initial 6.99 0 0 0.49 0.94 3.53 
C7 

Final 0.01 1.18 0.57 0.40 0.17 0.90 

Initial 7.01±0.03 0.02±0.02 0.07±0.07 0.54±0.05 0.64±0.23 3.59±0.04 
Average 

Final 0.43±0.50 0.54±0.51 0.67±0.31 0.49±0.06 0.42±0.11 0.48±0.28 

 
Table A3.  Extension 2D-3D Registration before and after xSePT Tool (* Represents Statistically Significant Differences in the Mean 

Values of the Initial and Final Alignment, p<0.05) 
 

  x Rotation 
(deg)* 

y Rotation 
(deg) 

z Rotation 
(deg) 

x Translation 
(mm) 

y Translation 
(mm) 

z Translation 
(mm)* 

Initial 6.99 0 0.44 0.59 0.98 3.65 
C2 

Final 0.85 0.07 1.05 0.43 0.43 0.74 

Initial 6.99 0.06 0.25 0.57 0.54 3.6 
C3 

Final 1.25 0.32 0.05 0.57 0.29 0.44 

Initial 6.98 0.02 0.08 0.51 0.47 3.57 
C4 

Final 1.08 0.05 0.10 0.48 0.57 0.10 

Initial 7.00 0.02 0.11 0.49 0.57 3.55 
C5 

Final 0.16 0.36 0.34 0.49 0.41 0.65 

Initial 6.99±0.01 0.02±0.16 0.22±0.16 0.54±0.05 0.64±0.23 3.59±0.04 
Average 

Final 0.84±0.48 0.20±0.16 0.38±0.46 0.49±0.06 0.42±0.11 0.48±0.28 

 
Table A4.  Flexion Vertebral Metrics before and after xSePT Tool (* Represents Statistical Significant Differences in the Means of a 

Measured Metric or Statistically Significant Correlations at a Level of p <0.05. † Represents Negative Correlation) 
 

 CT (mm) 2D DRR 
(mm) 

xSePT 
(mm) 

CT – DRR Mean 
Difference (mm) 

CT - DRR 
correlation (R2) 

CT - xSePT Mean 
Difference (mm) 

CT - xSePT 
Correlation (R2) 

Posterior Subluxation 
(mm) 0.78±0.42 0.31±0.20 0.65±0.41 0.47±0.59 0.56 0.14±0.26 0.65 

Anterior Subluxation 
(mm) 1.18±0.55 1.20±1.14 1.35±0.75 -0.014±1.1 0.07 -0.17±0.31 0.88 * 

Interspinous Process 
Distance (mm) 4.61±1.53 6.80±2.00 3.90±1.10 -2.19±0.88 * 0.83* 0.71±0.61 0.89 * 

Intervertebral Disc Height 
(mm) 3.51±0.62 4.80±0.59 4.08±0.91 -1.29±0.92 * 0.021 -0.58±0.70 0.41 

Vertebral Rotation (mm) -4.1±1.63 1.56±1.20 -4.39±1.57 -5.66±2.77 * 0.83 (†) 0.29±1.99 0.52 
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Table A5.  Extension Vertebral Metrics before and after xSePT Tool (* Represents Statistical Significant Differences in the Means of 
a Measured Metric or Statistically Significant Correlations at a Level of p <0.05) 

 

 CT (mm) 2D DRR 
(mm) 

xSePT 
(mm) 

CT - DRR Mean 
Difference (mm) 

CT - DRR 
correlation (R2) 

CT - xSePT Mean 
Difference (mm) 

CT - xSePT 
Correlation (R2) 

Posterior Subluxation 
(mm) 1.01±0.52 0.24±0.10 0.60±0.17 0.77±0.48 0.28 0.41±0.23 0.69 

Anterior Subluxation 
(mm) 1.31±0.47 0.92±0.59 1.30±0.51 0.40±1.04 0.78 0.02±0.24 0.90 

Interspinous Process 
Distance (mm) 3.42±1.18 4.58±1.07 3.50±0.85 -1.16±0.25 * 0.96 -0.074±0.40 0.96 

Intervertebral Disc Height 
(mm) 3.34±0.85 2.45±0.22 2.94±0.48 0.89±0.62 0.72 0.40±0.51 0.99 

Vertebral Rotation (mm) 1.05±4.84 -1.37±2.64 1.24±5.36 2.42±5.15 0.023 -0.19±1.15 0.96 
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