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Cervical traction therapy has been widely employéd in clinical situations and
rehabilitation as a non-surgical treatment for the cervical spine. However, due to the
complex structure of the cervical spine and the traction parameters, such as traction
force, angle and position, involved in the treatment, the mech;cmism of cervical traction
therapy has not been fully understood. The motivation of this research is to better
understand the mechanism of the inclined and sitting positions, and to study their
relationships with the traction force, angle and the resulting intervertebral separations.
We developed a multi-body simulation model that includes the cervical spine and two
cervical traction devices which represent the inclined and sitting positions. By using the
model, the objective of this research is to compare the intervertebral separations
achieved by the two positions when different amount of traction force and traction angle

are used. In order to achieve this objective, we performed the following three studies.

Firstly, a multi-body simulation model, namely Model 1, which includes the cervical
spine and two traction devices was developed using a physics engine. In the cervical
spine part of the model, each intervertebral vertebra was modeled as a rigid body. The
intervertebral disc between two adjacent intervertebral vertebrae was modeled by a pair
of translational and rotational joints using springs and dampers. The mechg.lﬁcal
parameters, such as the range of motion, stiffness and damping coefficients, used to
simulate the behavior of the cervical spine were referenced from published literatures
(Jager 1996, Horst 2002, Lopik 2007). Model 1 was used to evaluate the inclined
position and sitting position on how they affect the intervertebral separations during
cervical traction therapy. Traction forces ranged from 60N to 200N and traction angles

at 10/20/30/40° were tested. The result showed that the inclined position created greater
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intervertebral separations than the sitting position in all four traction angles under the

same amount of traction force.

Secondly, in order to validate the behaviour of Model 1, laboratory experiment was
conducted to acquire radiographic images of the cervical spine from subjects receiving
cervical traction in the inclined and sitting positions. Six male subjects were recruited
for the experiment. Traction forces from 100N to 160N and traction angles at
10/20/30/40° were used. The experiment results showed that for the three subjects who
received cervical traction in both positions, the inclined position was able to achieve
greater separations than the sitting position, which agreed with the simulation result of
Model 1. The individual responses in the inclined position showed that the amount of
posterior separations increases proportionally as traction angle increases, but such
behavior was less consistent in the sitting position. The result suggested that cervical
traction in the sitting position cannot reliably control the amount of separations using
traction angles. Next, simulation result of Model 1 was generated based on the
experiment setup and was compared to the experiment result. The behavior of the model
was found to be différent from the experiment. While the posterior separations in the
experiment increased with traction angles in both positions, posterior separations in
Model 1 decreased with traction angles. In an attempt to calibrate the model to match
with the experiment data, biomechanical parameters including the r;inge of motion,
stiffness and damping coefficients in the simulation model were modified. Although the

model was able to match the behavior of the experiment result with the modified

parameters, their values did not match with the ones reported by the reference literatures.

As a result, it indicated that Model 1 was insufficient to accurately simulate the

behavior of the cervical spine during cervical traction therapy.
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Finally, due to the difference between the behavior of Model FI and the experiment
result, Model 2 was developed. Anterior and posterior horizontal shear movement of the
intervertebral discs were added to the model. Instead of using a single translational joint
to represent the vertical movement of the discs, two translational joints were used to
represent the anterior and posterior vertical movement separately, with the posterior
vertical movement répresenting the resistance force of the posterior ligaments. The
simulation result of Model 2 was compared to the experiment data. The inclined and
sitting positions was shown to match the overall behavior of the experiment result. Then,
the experiment data was further examined. In particular, the posterior separations in the
upper and lower spine were compared between the two positions. In the inclined
position, an increase in the traction angle increases the posterior separation in lower
spine but causes little changes. in the upper spine, while similar behavior was not
observed in the sitting position. The finding regarding the upper and lower spine from
the experiment data was then used to compare the behaviours of Model 1 and Model 2.
While Model 1, even with the modified parameters, failed to match the finding, Model 2

was shown to match the behaviour of the upper and lower spine in the experiment data.

Using Model 2, the behavior of cervical spine in relation to body parameter such as
hip joint stiffness and the stiffness level at each cervical segment was investigated. By
varying the stiffness parameters in the anterior/posterior shear, flexion/extension, and
tension/compression, we found that the tension/compression stiffness parameter affects
the resuiting separations the most. The result also showed that the resulting separation
of sitting position was more sensitive to vériation in hip joint stiffness than the one of
inclined position. The sitting position tends to cause the subject to lose balance during

traction, thus leading to undesired changes at large traction angles. In contrast, for
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inclined position, the resulting separation was less sensitive to variations in hip joint’

stiffness and the stiffness level at each cervical segment. This finding may help to
explain the consistent results among subjects who used inclined traction in the

experiment.

In summary, the study compared the inclined and sitting positions using two
multi-body simulation models and data from a radiographic experiment. The inclined
position was found to be able to achieve greater separations than sitting position. The
result also suggested that traction angle could be used to influence the amount of
intervertebral separations and such behavior was more consistent in the inclined
position. In particular, with the inclined position, traction angle could be used to
influence the amount of posterior separations in the lower spine, while keeping the
separations constant in the upper spine. The study also investigated the inconsistent
nature of the sitting position. Using the simulation model, the sitting position was

shown to be more susceptible to variations in the subject’s hip joint stiffness.

Future work of this study should focus on gathering more clinical data in the inclined
and sittihg positions. It would be’ important to capture radiographic videos of the
cervical spine during traction to measure the transformation of each intervertebral discs,
since such data will be necessary to validate the timing responses of our simulation
model. The effects of body parameters, gender and age of cervical traction patients
should be further ihvestigated. By collecting more clinical data regarding the patients,
the simulation model can be improved to estimate the intervertebral separations based
on patient-specific data. It will help to identify the necessary traction parameters to

achieve customized traction. We believe the present model can help clarify the
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mechanism of inclined and sitting traction positions, and to promote further research in

studying the cervical traction technique.
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