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Abstract. Spinal cord injury is one of the most painful wounds in human bo-
dies, and also is a problem difficult to solve in the medical science field. Elec-
trical nerve stimulation bridging is a hot research topic for limb function recon-
struction after spinal cord injury, most important of which is to determine the
location of the “Pier”. In other words, how to find the accurate position of the
stimulation is the key factor of the nerve bridging. This study proposes a novel
method based on infrared spectrum detection technology, by measuring the
spectrum absorption of 6 kinds of neurotransmitters in the injured area, to de-
termine the activity of neurons in spinal cord injured areas quickly and accu-
rately, thus to determine the exact position of the nerve stimulation. Animal ex-
periment results show that our method has the advantages of accurate, reliable,
efficient, with a detection rate of 96.67%. It provides the basis of positioning
for electrical nerve stimulation bridging after spinal cord injury to reconstruct
the limb function of the patients.

Keywords: spinal cord injury; infrared spectrum detection; activity of neurons;
electrical nerve stimulation; positioning for nerve bridging

1 Introduction

Sports hurts, mechanical hits, falling down from high places or other reasons,
could result in human spinal cord injury !"* (SCI). In recent years, with the rapid
growth of the number of the vehicles, traffic accidents occur frequently, which cause
a significant increase in the number of the patients who suffered spinal cord injuries.
SCI interrupts the transmission channel of human neural signals 7). Most patients
become paraplegic, and lose their limb feeling and the ability to care for themselves.
These may finally cause a lifelong physically disabilities. As one of the most serious
wounds in human body, SCI brings great mental anguish and economic burden not
only to the patient himself, but also to the family and the society.

Nerve regeneration and neural stem cell transplantation are the frontier research in
the field of SCI ®*'?!. Currently in the medical field, it is mainly through drug therapy,
surgery and nerve graft to solve the problem of nerve regeneration '*~'°. However,
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due to the complexity of the structure and conduction of nerve, these studies have not
yet achieved a breakthrough. Recovery of limb functions in patients with SCI is still a
difficult problem in the world. Recently, electrical nerve stimulation bridging be-
comes a hot topic to help the reconstruction of limb functions after SCI. Related study
has achieved encouraging results ['’*". Through electrical stimulation, drug treatment
and rehabilitation exercise, some patients have recovered the pain feeling and part of
the physical function gradually >,

In electrical nerve stimulation bridging, how to determine the position of electrical
stimulation accurately is the key issue. However, research on this issue has not been
carried out *** Since it is bridging, we must first determine the exact position of the
“pier”. In other words, how to find the exact position of electrical stimulation of the
nerves is the key to success. For this purpose, we adopt infrared spectrum detection
technology, by measuring the spectrum absorption of 6 kinds of neurotransmitters in
the injured area, to determine the activity of neurons in spinal cord injured area quick-
ly and accurately, thus to determine the exact position of the nerve stimulation. The
results of animal experiments show a detection rate of 96.67%. This method is proved
to be accurate, reliable, efficient and effective.

The rest of this paper is organized as follows. In section 2, we summarize the con-
ventional routine examination methods for SCI. In section 3, we analyze the advan-
tages and disadvantages of the conventional examinations and diagnosis. In section 4,
we provide the method and system implementation for testing the activity of neurons
in SCI areas based on infrared spectrum detection of neurotransmitters. In section 5,
we give the neuronal activity detection principle based on Infrared spectrum analysis.
In section 6, we give the procedure of our infrared spectrum detection method. In
section 7, we describe the animal experiments using our method and the results of the
experiments. In section 8, we give a brief discussion of our method and other method
in principle. In section 9, we give the conclusion of this paper.

2 Conventional routine examination methods for SCI

Conventional routine clinical examinations ¥ to diagnose SCI usually use the
following methods and equipment:

(1) X-ray examination. Regularly it needs to make the lateral view of the spine, and
the oblique view when necessary. When inspecting the photo, measure the height of
the front of the vertebra and the back of the vertebra, then compare the results with
adjacent vertebra; measure the distance between the pedicles and measure the width
of the vertebra; measure the spinous pitch and the width of the intervertebral disc gap,
and compare the results with adjacent vertebra; measure the height of lateral pedicle.
Through the X-ray examination, the location and type of spinal fracture can be deter-
mined roughly.

(2) CT (computer tomography) examination. It is helpful to determine the degree
that the displaced fracture fragments invades the spinal canal, and to find the changes
of the bone blocks or the intervertebral discs that have entered into the spinal canal.
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(3) MRI (Magnetic resonance imaging) examination. It is of great value to deter-
mine the degree of the SCI. MRI can display early spinal cord injury edema, hemorr-
hage, and also can display spinal cord compression, spinal cord transaction, spinal
cord atrophy and cystic lesions after SCI.

(4) SEP (Somatosensory Evoked Potential) and MEP (Motor Evoked Potential) ex-
amination. This is a test method to examine the conduction function of the sensory
system of the body, and is help to determine the degree of SCI.

(5) Jugular venous pressure experiments and myelography. Jugular venous pressure
experiment is of certain value to judge the degree of spinal cord injury and compres-
sion. Myelography is meaningful to diagnose the old traumatic spinal stenosis.

3 Advantages and disadvantages of the conventional
examinations and diagnosis

Limited by the current conditions, only five kinds of routine examinations above
can be carried out in hospitals.

The advantages are as follows.

(1) These methods are applicable to the condition that the patients with SCI go to
hospital in time. They provide first-hand information for clinical diagnosis and treat-
ment.

(2) They can be used to determine the degree of acute SCI immediately and accu-
rately, thus to draw up the emergency treatment plan.

The disadvantages are as follows.

(1) These methods are not applicable to patients who have been spinal cord injured
for many years, and it is difficult to accurately observe the injured spinal cord cavity
and crusting.

(2) They can not provide comparable image data for the recovery of the patients.

(3)They can neither reflect the activity of the neurons in spinal cord injured areas,
nor the types of the neurotransmitter in the injured areas. For these reasons, it is diffi-
cult to give a targeted treatment plan.

(4) 1t is hard to determine the position where the neurons live or apoptose accurate-

ly.

4 Method and system implementation for testing the activity of
neurons in spinal cord injured areas based on infrared
spectrum detection of neurotransmitters

In order to detect the activity of neurons in spinal cord injured area of patients who
experienced long-term paraplegia, through which to determine the position of elec-
trical nerve stimulation, we use infrared spectrum analysis techniques. We detect the
infrared absorption spectrum of 6 kinds of neurotransmitters in SCI area, then we
analyze the distribution of wavelengths of infrared light absorption of neurotransmit-
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ters including GABA (gamma-aminobutyric acid), Glu (Glutamate acid), 5-HT (5
hydroxytryptamine), Ach (acetylcholine), NE (norepinephrine) and DA (dopamine).
According to the results, it is possible to accurately determine the neuronal activity in
injured areas of patients. This method has high detection accuracy, detection time is
short, analysis is quick, and there is no new trauma. It provides important basis to
analyze the conditions of SCI and to take targeted recovery treatments for patients.

Fig.1 is the structure of the system used to implement the detection of the neurons’
activity in SCI area based on infrared spectrum analysis.

In Fig.1, A means the infrared spectrum database, B means the computer, C means
the monitor, D means the infrared spectrometer, F means the patient with SCI.

A D

Infrared probe

Fig. 1. Structure of the system used to detect the neurons’ activity in SCI area. A means the
infrared spectrum database, B means the computer, C means the monitor, D means the infrared
spectrometer, F means the patient with SCI.

The function of A is to store detailed infrared absorption spectrum data of 6 kinds
of neurotransmitters in normal bodies. These neurotransmitters are: GABA, Glu,5-
HT, Ach, NE, and DA. Each kind of neurotransmitter has a unique infrared absorption
spectrum. These important data are stored in database, ready to be read and written by
the computer in any time.

Computer B has the responsibility to calculate and analyze the infrared spectrum
data. It gets data from A, then analyzes and compares the data.

The Monitor C displays the infrared waveforms and the calculation results.

The infrared spectrometer D detects the infrared signals of the SCI area of the pa-
tients.

5 Neuronal activity detection principle based on Infrared
spectrum analysis

The 6 kinds of neurotransmitters GABA, Glu,5-HT, Ach, NE, and DA in normal
human body are the indispensable substances to maintain a normal neural activity.
Each kind of neurotransmitter is produced by neurons. If all kinds of the neurotrans-
mitters exist, then the neurons act normally. If some of the neurotransmitters do not
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exist, then the neurons apoptose. So, we can determine the activity of neurons by
detecting the existence of the neurotransmitters %!,

When an infrared beam with a continuous wavelength goes through neurotransmit-
ters, molecules of different neurotransmitters will resonate with the infrared signal if
they have the same vibration frequency. This will result in energy absorption . After
the molecules of neurotransmitters have absorbed infrared energy, they produce mo-
lecular vibrations and energy transitions. Infrared spectrum of the corresponding wa-
velength will be absorbed by the molecules of the neurotransmitters '’ Each kind of
neurotransmitter has a unique molecule structure, so the distribution of infrared ab-
sorption spectrum is unique. Thus, infrared absorption wavelength distributions of six
kinds of neurotransmitters have six different infrared absorption spectrums in normal
bodies. Therefore, by detecting the infrared absorption spectrum of neurotransmitters,
we can accurately determine the activity of neurons!''™"?,

6 Detection procedure

First step, wipe the spinal cord injured area of the patient with alcohol swab to
make it disinfected; second step, place the infrared probe in SCI area, record the infra-
red waveform data in different test points with the infrared spectrometer, then record
the position of the test points; third step, use the computer to get the infrared absorp-
tion spectrum data of all kinds of neurotransmitters previously stored in the database
A, compare the infrared data obtained from test with the data stored in database A;
fourth step, display results of the analysis and the test, print the results when neces-
sary; fifth step, record the correlations between the result of each detection and the
position of each test point; sixth step, extract the accurate information of the neuronal
activity in different SCI areas according to above procedures, thus to provide accurate
positioning information for electrical nerve stimulation bridging.

7 Animal experiments

7.1  The formation of the reference samples in the database

The reference samples stored in the database are the infrared absorption spectrums
of 6 kinds of neurotransmitters and the combined spectrums of some of the neuro-
transmitters of healthy SD rats.

Fig.2 to Fig.7 are the infrared absorption spectrums of six kinds of neurotransmit-
ters GABA, Glu, 5-HT, Ach, NE, and DA. The X-axis of Fig.2 to Fig.7 is the infrared
power spectrum of the neurotransmitter, and the unit is dbm. The Y-axis of Fig.2 to
Fig.7 is wavelength, and the unit is nm.

To get the infrared absorption spectrums of the six kinds of neurotransmitters, we
first extract the mixed neurotransmitters from the spinal cords of healthy SD rats.
Then, we separate each neurotransmitter from the mixture through medical method.
After these procedures, we use the infrared spectrometer to measure the infrared ab-
sorption spectrum of each neurotransmitter. To eliminate the interference of noise, we
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use some data processing method such as wavelet method. At last, we get Fig.2 to
Fig.7.

Because of the different structures of different molecules, each kind of neurotrans-
mitter has a unique infrared absorption spectrum. Since the neurotransmitters are
produced by the neurons, then through the infrared spectrum analysis technology, we
can get the survival information of the neurons in SCI areas, thus to provide accurate
positioning information for electrical nerve stimulation.

Using the same method, we also get the combined spectrums of some of the neuro-
transmitters, for example, the combined spectrum of GABA and Glu, or the combined
spectrum of GABA, 5-HT and Ach. These combined spectrums are also stored in the
database as reference samples. Fig.8 is the combined infrared absorption spectrum of
6 kinds of neurotransmitters of SD rats.

By comparing the infrared absorption spectrums of the spinal cord injured animals
with the reference samples, we can determine the activity of the SCI areas.
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7.2 The results of the animal experiments

The animal experiments use 60 adult SD rats provided by School of Medicine of
Xi'an Jiaotong University. The weights of them are 280 to 300 grams. The rats are
divided into two groups, the experimental group (group A) and the control group
(group B), each group has 30 rats. All of the 60 rats were transected at the T10 to T11
vertebras, so as to make a spinal cord injury model. Two weeks later, the electrical
stimulation bridging was performed in both groups. For group A, we use the infrared
absorption spectrum test method to detect the activity of the neurotransmitters in SCI
areas, through which to determine the accurate position of the electrical stimulation.
For group B, we only perform the electrical stimulation in the area near to the T10 to
T11 vertebras, and no positioning is used.

Six weeks later, there are 29 rats in group A who have rapid escape behavior on
acupuncture, 1 rat does not have any response behavior. In group B, there are 11 rats
who have rapid escape behavior on acupuncture, 19 rats do not have any response
behavior. Fig.9 is the recovery results of group A and group B.

This experiments show that, the electrical nerve stimulation bridging has obvious
effect on the limb recovery after SCI. Use the infrared spectrum analysis to determine
the activity of the neurons in SCI area, so as to provide the accurate positioning in-
formation for electrical stimulation, is a key technology for the limb function recov-
ery.
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Fig.9. Recovery results of group A and group B in the animal experiments.
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8 Discussion

Due to the limitation of experiment conditions, we have not done the experiments
using the conventional positioning methods mentioned in section 2. We can only give
an analysis in principle. The conventional examination methods for SCI such as X-ray
examination and MRI can only tell the physical morphology of the SCI area. They
can not tell the activity of the neurons in spinal cord injured area. It is blind to some
extent to only use the physical morphology as the basis for the positioning of electric-
al stimulation in nerve bridging. For example, even the physical morphology of the
vertebra is normal, while the activity of the neurons in it may be lost. So the effects of
these methods in electrical stimulation nerve bridging are similar to the method used
in the animal experiments of group B.

9 Conclusion

Electrical nerve stimulation bridging brings hope to the recovery of limb functions
after spinal cord injury for patients. How to determine the position of the stimulation
is the key factor of nerve bridging. For this purpose, we proposed a method based on
infrared absorption spectrums detection of neurotransmitters to determine the accurate
position of the electrical stimulation. Animal experiments show this method is accu-
rate, reliable and obvious.
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