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Abstract
Strict adherence to defined standard procedures for medical thermography is necessary to achieve reliable results in rheumatology and neuromuscular disorders. This paper describes some environmental influences on infrared temperature measurements such as the dependence of skin temperature on the temperature of the examination room, the patient preparation and the influence of various physical agents on the skin temperature. Studies with respect to the positioning of the patient, a standardized protocol for the use of the camera and measurement procedures are discussed. 

1. Introduction

The reliability of temperature readings from thermal images is necessary for thermography to be accepted as a technique, which assists diagnosis in rheumatic and neuromuscular disorders. Both, the physics of optics and heat transfer, and the physiology of temperature regulation of the body have defined the framework, which has lead to the European Standards of Thermology [1]. Because some of the essential early work is hard to trace, some questions have been reappraised and their tasks extended. 

2. Dependence of temperature readings on the environment

Inflammatory rheumatic disorders affect the joints, especially of the hand, symmetrically and detection of a disturbed thermal symmetry is often of little diagnostic help. Therefore the determination of normal values , either in the form of mean values + 2 standard deviations or as aThermal Index [2] will allow the comparison of actual temperature readings with normal 
Normal temperature values over joints of the upper extremity were defined at a room temperature of 24°C [3,4,5]. Normal values for the temperature of the elbow, wrist and metacarpophalangeal joints and also normal patterns of heat distribution over elbows and hands have been described at a room temperature of 18° C [6]. Determination of normal values for small finger joints is difficult because cold fingers are not necessarily a pathological finding. Figure 1 shows the distribution of temperatures of non-tender metacarpophalangeal joints and figure 2 presents the temperature readings of subjects with non-tender cold fingers caused by an earlier not recognized Raynaud´s phenomenon or carpal tunnel syndrome. Definition of normal values of the thermal relaxation time of small finger joints is under the way. This will allow us, to differentiate easily inflamed joints from non inflamed joints using a mild cold challenge, and to describe the different recovery times in terms of numbers. 

The dependence of temperature readings from the distance between thermal scanner and measured object was investigated in an other study [7]. The results confirmed the need of a fixed positioning and distance for the comparison of thermal images over the time. 

An other study compared the temperature readings by an infrared radiometer without sufficient adaptation to the room temperature with the temperature values of an infrared scanner after correct adaptation to the room temperature [8]. As expected, different values were obtained with both techniques and higher values were measured by the radiometer. 

The relative change of the skin emissivity was estimated after immersion in a bath for 20 minutes in thermal indifferent water [9]. Small changes of emissivity of the skin were calculated caused by the bath. The influence of various physical treatment modalities i.e. ice [10], cold packs [11], various heat treatments [12,13], electrotherapy [14] and exercise [15] on the skin temperature of the back [11,12,13], the forearms [10], hands [13] or the lower leg [15] have been documented. The change of skin temperature on the finger tips after acupuncture treatment, electro-acupuncture, moxibustion and touching the skin on defined acupuncture meridians was investigated [16]. Figure 3 shows the transient changes of the skin temperature on the finger tip of the index during needling of the acupunture point large intestine 4. Electrical stimulation of the acupuncture point or light touching of the skin along the large intestine meridian is followed by similar temperature changes. Antirheumatic ointments affect the skin temperature in different ways dependent on the topically applied drug [17]. Figure 4 shows the temperature changes of different commercial preparations of All these therapeutic procedures have to be avoided prior to a diagnostic thermal image. 

3.Reliability of positioning regions of interest

The intra- and interindividual reliability of positioning regions of interest in thermal images of patients suffering from thoracic outlet syndrome was extremely high [18]. The mean intraindividual temperature differences showed a range between 0.008 ± 0.06 and 0.088 ± 0.12 ° K. The mean value of the interindividual temperature was maximal at 0.22 ±0.29 and minimal at 0.01 ± 0.28° K.

The temperature values of the sensory distribution area of the median or the ulnar nerve were compared with the temperature readings of the index finger or the little finger respectively [19]. Prior to a mild cold challenge the mean temperature of the index was 0,0320°K below the value of the area innervated by the median nerve. The mean temperature of the little finger was 0,106° K higher as the the temperature of the area innervated by the ulnar nerve. These nearly identic values lead to a correlation coefficient of 0,94 for median the nerve and the index, and of 0,93 for the ulnar nerve and the little finger respectively.

If the European Standards of Thermology are strictly applied, quantitative thermal images are highly reliable for temperature measurements. The interpretation of thermograms has to take into account that different physiologic processes may lead to similar changes of temperature distribution. 
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Fig. 1 Temperature readings of non tender metacarpophalangeal (MCP) joints
 in 40 subjects 




Fig. 2 Distribution of temperatures of non tender MCP-joints in 20 subjects, of which 16 presented with electrophysiological changes of a severe carpal tunnel syndrome and 4 with Raynaud´s phenomenon on single fingers
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Fig.3. Changes of the finger tip temperature during needling or electric stimulation of the acupucture point Large Intestine (LI) 4 
and during light touching of the meridian Large Intestine
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Fig.4 Change of skin temperature after application of two different commercial preparations of diclofenac on the forearm 
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