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Abstract: The energy metabolism of fracture healing compared with the level in normal tissues, showed a high rate of energy metabolism in the early phase of fracture healing, which persisted until the callus was corticalised and remodelling had started. The neovascularisation during uncomplicated fracture healing of long bones is proved by present of positive Doppler signals in and close to the callus in experiments on animal. In our experimental study we want to investigate the skin temperature modify at the fracture site and  correlate with the stage of fracture healing.

We developed a system formed by a number of miniaturised thermo-resistors of type PT-100 fixed on a flexible support, disposed in a matrix with convenient shape and dimensions, adequate for the investigated case. The value of the temperature is given by the value of the electric resistance of the sensors. This resistance is deduced by measuring the intensity of the common current and of the voltage between the joints of each sensor. The body temperature practically can be measured in some well-delimited points. The evaluation of type of thermo-reactivity in patients with fractures permits prognosticating the course of the bone fracture healing process. The symptom of distal hyperthermia/hypothermia is unspecific but is regarded as a supplementary index of the type of thermo-reactivity and character of the course of the fracture healing process. 

The aims of this prospective study were to test the feasibility to study the repartition of the skin temperature at the fracture site, and to investigate its usefulness to follow fracture healing of long bones.
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1. INTRODUCTION  

The energy metabolism of natural fracture healing process compared with the level in normal tissues, showed a high rate of energy metabolism in the early phase of fracture healing, which persisted until the callus was corticalised and remodelling had started [1,2]. 
We propose a  system to measure and to compare the temperature in some points of a limited area on the human skin. The aim of these measurements is the study of the repartition of the skin temperature during fracture healing process in rigid versus elastic stabilisation. 

2. MEDICAL CONSIDERATION

After a fracture, the soft tissue envelope, including the periosteum and surrounding muscles, is torn, and numerous blood vessels crossing the fracture line are ruptured. As effect of this vascular damage  the osteocytes are deprived of their nutrition and die as far back as the junction of collateral channels. The immediate ends of a fracture and severely damaged periosteum and marrow as well as other surrounding soft tissues are dead. The presence of so much necrotic material determinate an immediate and intense acute inflammatory response. There is widespread vaso-dilation and secondary plasma exudation. The first step the natural healing process consist in the reparative phase. This phase is linked with the increases of capillary buds.  The periosteal vessels contribute the majority of capillary buds early in normal bone healing, with the nutrient medullary artery becoming more important later in the process. The mechanisms that control the behaviour of each individual cell at this stage of the repair process probably derive from the microenvironment in which the cell finds itself. Compression or the absence of tension discourages the formation of fibrous tissue. Variations in oxygen tension undoubtedly lead to the formation of either bone or cartilage, with cartilage being formed in areas in which oxygen tensions are relatively low, presumably as a result of the distance of the cell from its blood supply [3]. Cartilage, thus formed, is eventually resorbed by a process indistinguishable from endochondral bone formation, except for its lack of organisation. Bone will be formed (per primam intentionem) by those cells that receive enough oxygen and are subjected to the proper mechanical stimuli. 

The amount of inter-cortical uniting callus is of course dependent on the accuracy of reduction of the bone fragments. 

When stabilisation is rigid, and the fracture is reduced perfect, this osseous union can occur directly, without an intermediate stage of fibro-cartilage (as demonstrated after compression-plate fixation). Inter-cortical uniting callus occupies the space between the opposed ends of cortex at the fracture or osteotomy site. When the space is small, its blood supply comes entirely from the medulla and anastomoses with the extra-osseous blood supply at the periosteal surface. When stabilisation is flexible, the natural process of fracture healing appear, with early periosteal bridging callus. Periosteal bridging callus (also termed external callus) initially is vascularized entirely by the extra-osseous blood supply, the arterioles of which approach the external cortical surface. Since the medullary arterial supply cannot extend beyond the contours of the bone itself, a large inter-cortical space contains chiefly callus of the periosteal type. The amount of periosteal callus reflects strictly the need for ancillary stabilisation of the fracture fragments as healing progresses. A large amount of external callus indicates the need for additional support beyond the normal contours of the bone. The neovascularisation during uncomplicated fracture healing of long bones is proved by present of positive Doppler signals in and close to the callus in experiments on animal [4]. In our experimental study we want to investigate the skin temperature modify at the fracture site and  correlate with the pattern of fracture healing; the thermo-reactivity in patients with fractures permits prognosticating the course of the bone fracture healing process [5].
3. MATERIAL AND METHOD

The system is formed by a number of miniaturised temperature sensors fixed on a flexible support, disposed in a matrix with convenient shape and dimensions, adequate for the investigated case [6].

The sensors are thermo-resistors of type PT-100. This kind of temperature sensor is a very thin platinum coating on a thin ceramic support [7].

The flexible carrying layer on which they are mounted is a light textile material. This sub-system (the sensors mounted on the textile support) is an independent unit that is connected to the electronic circuits of the data acquisition and data processing circuits and devices through some flexible shielded wires. The sensors are in serial circuit. Using this solution the intensity of the electric current is the same for all sensors. The thermo-resistors are supplied by an constant current stabiliser circuit. The value of the temperature is given by the value of the electric resistance of the sensors. This resistance is deduced by measuring the intensity of the common current and of the voltage between the joints of each sensor [8].

By adjusting the intensity of the common electric current are followed the optimal circumstances for calibrating the system: a too large value of the current leads to some increased values of the temperature (because of the Joule heat dissipated by the thermo-resistances), a too small value leads to inaccuracies in measuring voltages.

The system contains multiple sensors. The simultaneous measuring of the voltages on all sensors needs a complicated and expensive electronic apparatus. Because the measured temperatures are static ones (their variation in time is very low) the measurements can be carried out in a sequential manner, measuring the value of the voltages separately for all thermo-resistances. An electronic switch circuit (commuter) based on the integrated CMOS multiplexer-demultiplexer circuit of type MMC4067, which has 16 channels, does the selection of the sensor to be measured. The internal resistance of this circuit is very high in its disconnected status and it is very low in its connected status, so the electronic switch won't modify in significant manner the measured voltages. These properties of the CMOS elements justify their frequent usage in such electronic measurements [6; 7; 8].

The address of the activated channel (of the measured thermo-resistance) is given by a counter circuit. The clock signal that modifies this address may be given by a low-frequency oscillator (this will resolve the automatic switching between the sensors) or may be given by a push-button (this will resolve the manual selection of a certain sensor). These two options of sequential automatic connecting or manual selection of the sensors are set by a two-position switch.

The voltage of the selected channel is connected to an instrumentation amplifier circuit build up using integrated operational amplifiers of type OP07A [6]. Its high impedance on input contributes to the accuracy of the measured voltage, and its stable and linear amplification factor assures low distortions of the amplified signal. This amplified signal is the voltage on the PT-100 sensor that is an analogous quantity that can be converted to digital signal using adequate analogue-digital converters.

The measured voltage is proportional with the temperature and it can be regarded as the sum of the voltage corresponding to the 0 0C reference temperature and of the variation of the voltage corresponding to the difference of the measured temperature and of the reference temperature, as 
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If we eliminate the voltage corresponding to the reference temperature 
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 then the obtained voltage will be proportional with the measured relative temperature
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To do this, the measuring system is equipped with a subtracting circuit that eliminates from the measured voltage the level corresponding to the reference value of 0 0C.

In this way the output signal is proportionally with the measured body temperature. Scaling this signal it can be converted to some easily evaluated values. In our case the value of the voltage of 4 V was taken as corresponding to the 40 0C body-temperature. Because the PT-100 sensor is linear in the 0...100 0C domain  - where t is given in 0C,  its resistance is a linear function of the temperature as
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the observed voltage is a linear function of the temperature. Based on the settings and on the observations of above, for example a value of the voltage of 3,726 V is can be considered 37, 26 0C body-temperature.

The numeric display of the measured temperature and its storing and its processing on PC can be done using a digital voltmeter. We used one of type UNI-T, the UT- 60A model [8]. This instrument has an optical isolated serial RS-232 port, using which it can be connected to a personal computer.
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Figure 1: The block diagram of the human body temperature measuring system

The evolutions of 21 fractures stabilised with internal fixation were followed for a period of 16 weeks. The results  were included in 2 series: „S1” with early periosteal callus formation, and „S2” with absence or late poor callus formation (figure 2), delimit a group with evolution suitable to flexible fixation, respective the other, to rigid fixation. The thermo-reactivity was correlate for each case with clinical and radiological evolution. The range of values in  S1 increase in the first week after fixation, with ΔTmax. 3.2°C (and average ΔT 2.8°C) and decrease in next 6-12 weeks to zero. In S2 the ΔTmax. was 2.2°C (and average ΔT 1.1°C) is measured in the second week, and decreased slowly in next 8-12 weeks (figure 3). In delay unions (one case) ΔT was 2.8-4.1°C at  16 weeks. The analysis emphasise the correspondence of elastic fixation in the group with early high termo-reactivity, since the rigid fixation correlate with  low (or practically absent) variation of thermo-reactivity. At the final point in both series the thermo-reactivity was similar (practically no difference were measured by comparison with the opposite leg). The results showed a high rate of energy metabolism in the early phase of fracture healing, which persisted until the callus was corticalised (and remodelling had started) in series 2 and a constant inferior metabolism for direct osteonal healing in series 1. In the one case with delay union the termo-reactivity was high for the entire period of measures.
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Figure 2: The vertical line correspond to Dtmax 2 degree separate the case

 with low or absent callus formation, from those with high periosteal callus formation 
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Figure 3: The high termo-reactivity over the horizontal line were found in elastic fixation, 

and below the line belong to fracture healing during rigid fixation 

3. CONCLUSION

3.1 The advantages of the system
Because of the very small size of the PT-100 sensors the body temperature practically can be measured in some well-delimited points;

The sensor has a low mass and thermal inertia and due to this fact the variation in time of the temperature can be properly followed; the sensor is linear and its sensitivity is stable;

The used materials, including those of the PT-100 sensor have no effect on humans;

The multiple sensor unit (the tissue with the PT-100 sensors) has a low volume and mass. It is a separated part of the system, connected using some shielded wires.

The power supply unit may be build up using low-voltage batteries to protect the patient against electric hazard;

The digital multi-meter is connected to the data acquisition and processing PC using opto-electronic devices, also contributing to the protection of he patient;

It does need not high qualified operating persons, the data acquisition and processing can be done with user-friendly software;

The system have low cost and it is accessible for all medical laboratories;

Collected data may be stored in some data-bases for further investigations and statistics;

3.2 Medical conclusion

The evaluation of type of thermo-reactivity in patients with fractures permits prognosticating the course of the bone fracture healing process. The symptom of distal hyperthermia/hypothermia is unspecific but is regarded as a supplementary index of the type of thermo-reactivity and character of the course of the fracture healing process. 

The aims of this prospective study were to test the feasibility to study the repartition of the skin temperature at the fracture site, and to investigate its usefulness to follow fracture healing of long bones.
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