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WE suggest a novel design of an apparatus which is conducive to rehabilitation of cervical spine disorder such as
intervertebral disc herniation. Many researchers reported that McKenzie extension has a positive effect on
rehabilitation of cervical disc herniation through clinical trials [1-3]. To enlarge this healing effect, an apparatus that helps
patients doing McKenzie extension is needed. In this paper, we present a variable geometry pillow which enables a patient to
do the cervical extension in supine position by periodically adjusting the height of the pillow. In order to minimize the noise
and vibration during the operation, shape memory alloy (SMA) wire is used as an electrically driven actuator instead of the
traditional ones such as an electric motor and a hydraulic pump. A coil spring is used to support the patient’s head in neutral
position before operation. When the SMA wire is heated by electric current, it starts to contract and makes the coil spring
compressed. This procedure makes the head lowered by 50mm in 10 seconds, which means the patient’s neck is extended.
After the extension, the SMA wire is released by cooling as the current is switched off. Finally, the restoring force of the coil
spring returns the patient’s head to the original position. The variable geometry pillow can provide patients with customized
physical treatments by controlling the operational characteristics such as cyclic period, stroke, and speed. To evaluate our
device, we compared the magnetic resonance imaging (MRI) data set of a patient in two different postures; when his head is
at the neutral position and the lowest position, respectively. In this experiment, we observed slight suction of the nucleus
pulposus toward front side of the body at the lowest position, which means an anterior cervical decompression. Since this
decompression is conducive to the restoration of the herniated disc, it is expected that this device would be applied to the
physiotherapy for the patients after a well-organized clinical trial.

Figure 1. A schematic view of the CAD model of Figure 2. Performance evaluation using MRI Figure 3. Rclation§hip 'between input
variable geometry pillow and the real prototype scanning and comparison between the images of current an.d contraction time and the
manufactured based o CAD design. neutral and extended cervical spine. specification of the device.
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Dimension TROX IS 230 mmm

Contraction time 10 sec

Input current 15A

Resistance 487 Cpfstrand

Length of SMA wire 111m

Number of strands 4EA
Electrical power 43 B6W
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INTRODUCTION AND OBIJECTIVES
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Rehabilitation of Herniated Disc Shape Memory Alloy
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SMA wire shrinks approximately 4% of its original length.
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Development of a new apparatus actuated by SMA wire which assists neck
extension movement as a physical treatment device for cervical disc herniation.

Causes for Cervical Disc Herniation

As the body ages, natural biochemical changes cause discs to gradually dry out affecting 1 Mec"an'cal Des'E" and ManUfaCtu"ng °f A Prou)type'

disc strength and resiliency. And poor posture combined with the habitual use of 2. Biomechanical Analysis and Evaluation of Clinical Effect of The Device.
incorrect body mechanics can place additional stress on the cervical spine.

PROTOTYPE DESIGN AND MANUFACTURING

Conceptual Design

. Enables a patient to do the cervical extension in supine
. ition by periodically adjusting the height of the pillow. - . SMA wire is heated by electric current and starts to contract.
B . SMA wire pulls the horizontal rack gear and that makes coil

Variable Geometry Pillow

Head supporting part moves down allowing the patient’s neck to

| be extended.
: = > — . As the SMA wire is released and cooled down, the restoring

force of the compressed spring lifts the head up.

% N 7 N k) spring compressed.
- | 1 LSO . The displacement of rack gear is magnified through the
+ 7 M 3 compound gear and then transferred to the vertical rack gear.

Pillow Cervical Extension Variable Geometry

First Prototype

System Level Design View in Detail Specifications

Tnput current (A)

Quantity
System Level Design Functional Part
Comraccantime 10
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Leagthors\Awe 111w
Nemberorstrists  4FA
Hlectrcalpower 4386 W

Stroke : 50 mm

Contraction time
10 sec

Not actuated SMA Wire Actuated Functional Part in Detail Manufacturing of 2 Prototype

RESULTS, DISCUSSION AND CONCLUSION

Biomechanical Analysis - Method

| MRI Images of Neutral/Extended C-spine | 1. €5-C6 Disc Thickness . 2. €5-C6 NP Thickness
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The thickness of intervertebral disc was equal or i by 0.5mm in i to the
neutral posture.
o . The thickness of nucleus pulposus(NP) in 2/4 position increased by 1mm, while in other positions
> 1\ Kol Extaneion remained same. The maximum thickness of nucleus pulposus increased in extension and the
location of the thickest part has changed.
Neutral Extension . The annulus fibrosus(AF) has moved toward the posterior region and the nucleus pulposus(NP) has
I T moved toward the anterior part of the body. The distance between AF and NP in anterior
Objectlves Shape Change of NP region(AAF2ANP) has decreased while that of posterior region(PAF2PNP) has increased. However,
1) Deformation of intervertebral disc the summation of those two distance showed no remarkable change. This means that overall length
2) Relative displacement of nucleus pulposus in annulus fibrosus in cervical extension of NP on sagittal plane was constant and only the relative position between AF and NP has changed.

Conclusions

Variable Geometry Pillow as A New Apparatus The nucleus pulposus in intervertebral disc moves toward anterior side of the body in cervical extension, which means
for Physical Therapy and Rehabilitation of that the cervical extension is conducive to rehabilitation of herniated disc.
Cervical Disc Herniation . The Variable Geometry Pillow using SMA wire can allow the patients with herniated disc to do the neck
» Energy & Cost Efficient » No Shock / Vibration extension exercise without any noise.
» Noise-Freely Actuated » Clinical Effect . The Variable Geometry Pillow is expected to have an clinical effect of restoring the herniated nucleus pulposus.
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Demonstration of 1* Prototype
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