THERMOGRAPHY IN NERVE ROOT DISEASES
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A new generation of infrared cameras bring new possibilitiesin medicineand also in
neurology and neurosurgery. We have observed that spinal cord problemwith leg pain can be
seen on a thermographic image as a colder area. This article presents results of our initial
study made in cooperation with the Department of Neurosurgery, S.Ann’s Faculty Hospital,
Brno.

1 Introduction

A new technology of infrared detectors was released for civil use after the Gulf War.
New infrared cameras are therefore more accurate while easily portable without the need for
cryogenic cooling. It is possible to manufacture a matrix detector and this eliminates the need
for a scanning system, which in turn increases the reliability and the image frequency.

We decided to check the possibility of using thermography in disk ruptures and related
nerve root problems. We wanted to answer following questions:

1. Arenerveroots problems caused by disk ruptures thermographically evident?

2. Isthe colder areatopologically correlated with nerve root dermatomes?

3. Isthetemperature difference proportiona to the seriousness of illness or pain?

4. Can thermography be used to follow up the treatment?

We believe that a nerve root disease, such as disk rupture, inflammation, etc. can be seen
as a colder area in the corresponding dermatome. Measurements made confirm this
suggestion, but there are a'so some contraindications. For example varices cause a distinct
vascular pattern, which is thermographically evident as warm “lines’ or areas and such
patterns mask much more subtle changes caused by the nerve root disease. It is important to
note that the underlying cause remains unknown—one possible explanation is that a changein
innervation causes vasoconstriction, which reduces blood flow and therefore also the
temperature, but thisis not proven (metabolic changes may cause this effect as well).

We measured a group of fourteen patients who underwent a surgical operation. They
were al measured before operation and one week and six weeks afterwards. The patients had
disk rupture at the level L1/L2 or lower; corresponding dermatomes are therefore on the legs.

Each study consisted of three measurements (preoperative, postoperative (one week after
operation) and control (six weeks)) and each measurement contained el ght images—a frontal,
both laterals and a dorsal view of the upper and the lower part of the legs. Figure 1 shows an
example.

These measurements were made prior the operation. You can see that left calf of this
58-year old male patient is much colder than the opposite one. The difference of average
temperature of the calvesis 2.79°C! The change of thermal pattern can be seen on figure 2.
All images have the same temperature range, so we can compare them. It's clear that the
temperature difference is much smaller after the operation.

This example shows an extreme case. This patient has long-term backbone-related
problems—the results are not always so evident.

Note: The room temperature was higher in the last case, so the surroundings are aso
visible in theimage. This was caused by a malfunctioning air-conditioning system.



Note the coldest area on the left calf.

Figure 1: An example of complete study

Figure 2: Preoperative, postoperative, control and CT images of the patient above
(herniated disk L5/S1 sin.)

2 Methodsof analysis

Asis clear from the example above, each study contains many images and it is necessary
to analyse them to obtain just afew numerical parameters.

An attempt was made to process al patients exactly the same way independent of
location of ruptured disk (our study was not blind). From each measurement we evaluated
average temperatures in nine areas. front, outer, back and inner areas of thigh, the same ones
on the calf, and an instep area. This was made on both legs and temperature differences were
computed. Such results are insufficient for diagnosis—a lot of important data were lost and
much unimportant data remained. We had to choose another way.

It's usually not difficult to see in an image that some particular area is colder than the
opposite one. It is possible to compute average temperatures of both areas and compute the
temperature difference. Such difference is useless alone; the location of both areas must be
given, so the best way of processing is to provide an image with areas marked out,
corresponding temperatures and their differences. The result of statistical analysis by this
method is shown in table 1.

Our study shows that the location of a colder area may change after the operation and

Table 1: Satistical analysisresults

Average Median M aximum No. of patients
Pre-operation 1.08 0.86 3.37 22
Post-operation 0.65 0.62 1.16 19
Six weeks after 0.93 0.62 3.28 14
Control group 0.35 0.30 0.77 17




Figure 3: Area selection in long-time study
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Figure 4: Analysis of long-time study from smaller areas

even between postoperative and control measurements but it usually remains in the area of
corresponding dermatome or the nearest ones. Whether these changes of location are
clinically important remains unknown.

3 Along-term study

Fortunately we have aready had a chance to make one long-term study, which could help
us to answer the last two questions. This 59-year-old man had unknown spinal cord disease
last spring and was treated conventionally. He had negative CT and MRI examinations. We
monitored this patient from 31% May until now (11 months) and evaluated the average
temperatures at the areas ARO1 to AR10 shown in figure 3.

Figure 4 shows the differences from smaller aress. It's clear that the location of maximal
temperature difference is changing, but all curves are similar. This suggests that if the colder
area is large, the location of ROI is not so important and we should choose as large area as
possible to suppress the influence of noise.
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Figure 5: Analysis of long-time study from large areas

4 Conclusions

4.1 Arenerverootsproblemscaused by disk rupturesthermographically evident?

All measurements made show that nerve root problems can be detected thermo-
graphically, although some vascular diseases can mask it.

4.2 |Isthecolder areatopologically correlated with nerveroot dermatomes?

The colder area is situated in a given dermatome. However, it is necessary to note that
dermatomes are not the same for al people, so precise location of the disorder couldn't be
made from thermograms, but it could help mainly when CT and MRI find no abnormalities.

4.3 Isthetemperaturedifferenceproportional to the seriousnessof illnessor pain?

The feeling of pain is highly individual; therefore making interpersonal evauation is
impossible. But our long-term study shows that the overall changes are in correlation with the
oversensitivity and pain, but subtle subjective changes are not.

4.4 Can thermography be used to monitor the follow up treatment?

There are no objective criteria available to evaluate how successful the treatment is. The
most important is always the patient’s feeling and pain. This can’'t be measured objectively,
but we believe that big temperature differences at any time correlate with the feeling of pain
and the biggest differences are in patients with loss of sensitivity.

Acknowledgement
Thiswork is partly supported by the grant project GA R no. GA 102/00/1494.



