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ABSTRACT: When a person suffers from an injury, there are specific methods of 

treatment which are recommended according to the type of injury. One of these methods 

involves Cryotherapy, in which the part of the affected body is exposed to cooling for 

decreasing the temperature. The aim of this therapeutic method is to decrease cellular 

metabolism, increase cellular survival, decrease inflammation and reduce pain and 

spasm.  The system designed in the present study involves the possibility of “smart” 

treatment using portable thermoelectric cooling devices based on electronic hardware, 

software and digital control techniques. In the proposed system, all stages of treatment 

have been performed automatically by using Arduino as the microcontroller to 

controlling temperature in cryotherapy methods. This research focus on usage of 

thermoelectric effect with Peltier module for smart electronic cooling and does not 

involve the usage of chemicals or cooling materials e.g. ice. Smart cooling methods have 

significant advantages that they are highly accurate and allow precise timing of the 

treatment especially for the athletes, and for whom the recovery time from injuries is 

critical. This approach can be fundamentally important for practical investigations 

relating to the timing of cryotherapy for any type of users.  

ABSTRAK: Apabila seseorang mengalami kecederaan, terdapat kaedah rawatan khas 

yang disyorkan berdasarkan jenis kecederaan. Salah satu kaedah ini melibatkan 

Krioterapi, di mana sebahagian kawasan badan yang terlibat didedahkan kepada 

kesejukan untuk megurangkan suhu badan. Tujuan kaedah terapeutik ini adalah bagi 

mengurangkan metabolisme sel, menambah sel selamat, mengurangkan radang dan 

mengurangkan sakit dan sentakan. Sistem yang direka dalam kajian ini berkemungkinan 

melibatkan rawatan bijak yang menggunakan alat penyejuk termoelektrik mudah alih 

melibatkan peranti elektronik, perisian dan teknik kawalan digital. Dalam sistem 

cadangan ini, kesemua peringkat rawatan telah dilaksanakan secara automatik 

menggunakan Arduino sebagai alat mikro-kawalan bagi mengawal suhu dalam kaedah 

Krioterapi. Fokus kajian ini adalah dengan menggunakan kesan termo-elektrik dengan 

modul Peltier untuk penyejuk elektronik bijak dan tidak melibatkan penggunaan bahan 

kimia dan bahan penyejuk seperti ais. Kaedah penyejuk bijak ini mempunyai faedah 

ketara seperti sangat tepat dan memberi masa rawatan yang jitu terutama untuk atlet, dan 
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kepada sesiapa yang tempoh masa pemulihan kecederaan amat penting untuknya. 

Pendekatan ini boleh menjadi asas penting bagi penyelidikan praktikal berkaitan masa 

krioterapi untuk pelbagai jenis pengguna. 

KEYWORDS: cryotherapy; thermoelectric effect; medical devices; microprocessor controls  

1. INTRODUCTION  

Given the type of damage that occurs in tissues, e.g. in a sprain, strain or muscle-pull 

or tear, suitable primary measures have been suggested for treatment through the PRICE 

approach which is an acronym for Protection, Rest, Ice, Compression and Elevation. This 

method begins with the protection of the affected members against further damage and 

harmful movements and actions. This involves, for example, the use of bandages, splints 

and immobilisation by means of special coatings which can protect the injured member 

against damage or deterioration. Resting is the next step and, at this time, the affected 

member must be prevented from moving and this stage is important to prevent increasing 

the level of inflammation. In the next part of the therapy, the member must be cooled, 

since cooling the damaged member reduces inflammation. Cooling should, ideally, be 

started from the first minute of injury and, depending on the extent and severity of injury, 

the cooling period should last between 48 and 72 hours [1]. This usually involves putting 

an ice pack on the affected area. The next step is to apply pressure to the injury which 

prevents further inflammation in the damaged tissue. This lowers the level of 

inflammation of the member and is effective in producing a more rapid improvement.  

Pressure on the vulnerable area by means of a bandage or the use of elastic bands may also 

be helpful. In the final treatment, the damaged member is supported to reduce the pressure 

on it [2, 3]. In this paper, novel structures and algorithms have been proposed for 

developing optimal Cryotherapy effective time for different users based on the most well-

known therapeutic methods. We suggest the use of a “smart” Cryotherapy device to 

replace the use of ice within the PRICE system. This involves placing an electronic device 

on the ordinary ice packs. With cooling liquid within it, the system is based on new 

programmable cryotherapy methods which are suitable for all kinds of users (human & 

animal). 

1.1  Cryotherapy  

There are various common methods for cooling injured members within the PRICE 

system in connection with rehabilitation therapy to reduce inflammation and pain relief. 

Cooling has been accepted as a treatment of choice for acute soft tissue injury [4, 5]. In 

this case, part of the patient's body or his/her whole body is exposed to reduce 

temperatures and therefore the cooling effects reduces the physiological changes that lead 

to negative effects in both muscle and other tissues [6-11]. This kind of Cryotherapy can 

be performed using a number of different methods, namely, immersion in cold water, ice 

massage and use of a gel ice pack, an instant ice pack and a spray or a cooling device [12-

16]. In the proposed approach mentioned in this paper a smart treatment based on 

thermoelectric cooling (TEC) device has been used for ice pack temperature adjustment. 

In this system, the temperature of TEC device being controlled by means of a processor 

and a temperature sensor which is connected to a microcontroller. 

1.2  Thermoelectric Cooling (TEC) Device  

In a TEC system, the electronic element is located so that the parts that must be 

cooled are positioned up against   the cold side, with a heat sink positioned appropriately 



IIUM Engineering Journal, Vol. 19, No. 1, 2018 Rahmani et al. 

 119 

as shown in Fig. 1 [17, 18]. When a DC voltage is applied to a thermoelectric system of 

the type shown in Fig. 1, thermal energy is transferred from the one layer (the cold end) 

and this is released at the other side (the hot end). Thus the cold part of the electronic 

element becomes colder and heat naturally flows from the system. The hot side and cold 

side temperature formulae for the thermoelectric device are:  

Th = Tamb + O .Qh                 (1) 

Qh = QC + Pin                       (2) 

 

Fig. 1: Schematic of thermoelectric cooler. 

In these equations Th is the temperature of the hot side and Tamb is the second 

temperature level, the parameter O is the system thermal resistance (° C / watt). The 

quantity Qh is the heat released (watts) and QC is the heat that is absorbed (watts). The 

quantity Pin is the thermoelectric power input (watts). The parameters σp, σn, λp, and λn 

represent the electrical and thermal conductivities of the p and n legs and involve a block 

of length L. The index i refers to either p or n, the thermal conductance K is given by [19]:  

Ki = λi. Ai/Li                   (3) 

The total thermal conductance K for N elements is given by [19]:  

K=Kp.Kn=N[λp Ap/Lp+ λn.An/Ln]   (4) 

The quantities Kp and Kn are the thermal conductance of the two side of the TEC. We need 

also to determine the electrical resistance as calculated by [20]:  

R=RP+Rn=N((σp.Ap/Lp)
-1+(σn.An/Ln)    (5) 

Here RP and RN   are the electrical resistances of the two side of the TEC. For calculating 

Qh   and QC, we need to know the coefficient for the two junctions calculated from: 

a ̅=(
1

TC−TH
) ∫ (αP − αN)

TH

TC
dt           (6) 

The quantity a ̅is the coefficient for the two junctions. Then the magnitudes of the heat 

input and output are [21]: 
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QH=H.a ̅.TH.I+K.∆T-1/2.I2R          (7) 

QC=H.a ̅.TC.I+K.∆T-1/2.I2R          (8) 

Hence we can now see a direct relationship between K and the temperature 

coefficient (a ̅) and resistance (R) and the current flow. To reduce the temperature, it is 

necessary to reduce the temperature by an amount (ΔT) at the hot side of the 

thermoelectric module and we can use the heat sink and fan for this purpose. To enhance 

the process of reducing the temperature of the ice packs and also accelerate the decreasing 

of temperature without increasing the power consumption, we used a larger heat sink than 

the system required but it should be noted that in this treatment method the required 

temperature is 5 °C. We do not need to make use of the full capabilities of the 

thermoelectric module. The use of feedback control of the temperature of inside of the ice 

pack ensures that the desired temperature can be maintained throughout the treatment 

period. Compared with other technologies thermoelectric cooling has a number of 

advantages. For example, the cooling equipment involves no moving parts and so requires 

less care and maintenance and has an extended lifetime which may be as much as one 

hundred thousand hours of stable working. 

Unlike cooling systems containing chlorofluorocarbon materials that need to be 

constantly filled up, thermoelectric systems require relatively little routine attention.   

Temperature control of the component parts of a system of this kind is recognized as being 

generally good and an approach of this kind can provides a cooling environment which is 

of the right size and sensitivity for medical applications [22]. Based on the problems 

mentioned above, in this paper, the aim is to provide smart and programmable methods of 

water-cooling   based on the use of a thermoelectric system that is suitable for a wide 

range of medical applications. 

2.   MATERIALS AND METHODS  

2.1  Hardware Design and Manufacture of the System 

According to Fig. 2 the hardware components for installation on the ice pack include 

a TEC with four centimeters width and four centimeters length, 12 volt effective voltage, 

15.2 volt maximum permissible voltage, 6 amperage maximum consumption current and 

70 centigrade of maximum temperature difference of both sides that involving a cold 

plate, a heat exchanger, a fan for the cooling part of system and an electronic board. The 

electronic sub-system consists of an internal part and an external part. The internal part 

receives feedback from temperature sensors inside the ice pack and transmits the ice pack 

temperature to an Atmega32 processor for controlling the cryotherapy mechanism. The 

external part of the electronic board involves a microprocessor sub-system that controls 

the process of cryotherapy and also sends data through the COM port for “smart” process 

control operations.  Parts of the system in direct contact with the ice pack and must be 

completely waterproof. We used plastic meld for this part which allowed easy insertion of 

the main components of the cold side of the system, such as Peltier device, the fan and the 

LM35 temperature sensor [23]. The heat sink and fan within the heating side of the system 

are located on the exterior of the device whereas. The LM35 temperature sensors are 

located on the inside of the device and are isolated from the water using varnish. 

According to Fig. 2 the hardware components for installation on the ice pack include a 

TEC with four centimeters width and four centimeters length, 12 volt effective voltage, 

15.2 volt maximum permissible voltage, 6 amperage maximum consumption current and 
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70 oC of maximum temperature difference of both sides that involving a cold plate, a heat 

exchanger, a fan for the cooling part of system and an electronic board. The electronic 

sub-system consists of an internal part and an external part. The internal part receives 

feedback from temperature sensors inside the ice pack and transmits the ice pack 

temperature to an Atmega32 processor for controlling the cryotherapy mechanism. The 

external part of the electronic board involves a microprocessor sub-system that controls 

the process of cryotherapy and also sends data through the COM port for “smart” process 

control operations.  Parts of the system in direct contact with the ice pack and must be 

completely waterproof. We used plastic meld for this part which allowed easy insertion of 

the main components of the cold side of the system, such as Peltier device, the fan and the 

LM35 temperature sensor [23]. The heat sink and fan within the heating side of the system 

are located on the exterior of the device whereas. The LM35 temperature sensors are 

located on the inside of the device and are isolated from the water using varnish. 

 

Fig. 2: Computer-based 3-D visualization of the component parts of the system [20]. 

One of the biggest advantages of this approach to design and manufacture is that the 

system can be coupled, with no change in its structure, to a conventional ice pack. 

Different parts of the circuit diagram are shown in Fig. 3 and each section of this is 

discussed separately.  

 

Fig. 3: Schematic diagram of the electronic board. 
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The temperature sensor (LM35), analog to digital converter and inverter provide 

analog temperature information for feedback of temperature in the ice pack to the 

controller. The MAX232, COM PORT and USB PORT (ft232) send all data to an external 

PC or some other external programmed system for any special application. The drive 

circuit provides the required electrical supplies for the Peltier device and all fans within 

the system. LCD and LED displays are used to provide system status information to the 

user. Figure 4 shows the complete assembled system. 

 

Fig. 4:  Assembled systems for use in cryotherapy applications. 

2.2  Performance of the system 

The biggest advantage of the system is its programmable capability for a variety of 

different applications. The system operation, according to the microprocessor flowchart in 

Fig.  6 are as follows:  

1. System On or Reset; 

2. Sensing of the ice pack temperature; 

3. System control for the cryotherapy; 

4. Feedback of the system temperature for comparison with the desired equilibrium 

temperature ; 

5. Controlled cryotherapy by means of the microprocessor program to perform the 

required operation for a specific period and then stop after that specified period 

(e.g. in 48 hours); 

6. System Off. 

The procedures for the cryotherapy operation outlined above are not the only aspects 

of system performance that may have to be specified. However the approach based on 

microprocessor control allows flexibility and permits the designer to incorporate a 

programmable system which can be tailored according to user’s requirements. Appropriate 

algorithms can be selected by the user. This allows specialist applications such as those for 

rehabilitation following sports injuries or applications involving animals, such as horses, 

to be undertaken using the same hardware. In terms of its basic operations, the Atmega32a 

[24] processor receives feedback from the temperature sensors (LM35) inside the 

cryotherapy system and compares it with the desired temperature for the cryotherapy 

process. But it must be notified that practical algorithm structures are different from the 

investigative ones and there is no need to measure the body temperature from the skin, but 

in investigative sample it can be done by two sensors.  This system is not limited to one 

particular algorithm and is based on the microprocessor and allows the user to select 

suitable algorithms for each application and also allows use of the output of the serial port 
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to receive and process data from sensors. It should be noted that the hardware system, 

firstly, should have a very small size and, secondly, it must be understood that it does not 

fundamentally change the system based on ice packs. The temperature sensor and the 

vibrator are introduced into the bag structure to move the water and get feedback of 

temperature values for use in the temperature control algorithm. In Fig. 4, the final 

assembled structure is shown, including the ice packs, the DC electrical power supply, 

control system, temperature sensors and Peltier module also are parts of this final 

assembly. The system provides direct connection to a personal computer via a serial port 

which allows data to be saved which relates to the performance of the system. This is of 

potential value for research purposes. In terms of the duration of the therapy, the standard 

used in previous research involving ice was 15 to 20 minutes of ice every two hours for 

continuous treatment [25].  

Previous studies [26, 27] have suggested that the state and duration of cryotherapy 

should involve an intermittent protocol that reduces skin temperature to 5 °C immediately 

after treatment. The process should also involve rest and compression, which reduces 

swelling and reduces the potential risk of injury [28]. For certain skin conditions and to 

prevent skin damage, a special program is required for each patient and may involve an 

algorithm intended for operation over a 48-hour time period. In general terms, it should be 

noted that the thermal feedback system stabilizes and the system is turned on at 5 °C to 

prevent damage and goes off after 48 hours. This program, as shown in the flowchart of 

Fig. 6 is a comprehensive program but because it is also a programmable system it allows 

more accurate planning for any type of patient, avoiding possible harm to humans or 

animals.  

 

 Fig. 5: Ice packs cooling performance charts Smart Cryotherapy System. 

Figure 5 shows results comparing the performance of the smart Cryotherapy approach 

with those obtained using a standard ice pack with 1024 gram weight and in 20 centigrade 

for the sample with ice and water over a period of 200 minutes. It is evident from these 

results that it takes some time for the TEC system to reach the desired temperature but 

then the system continues to operate without any difficulty and the desired temperature is 

maintained. On the other hand, the temperature of the system involving only the ice pack 

tends to rise significantly towards the end of the 200 minutes period. It should be noted 

that the thermoelectric cooling treatment involves a portable piece of hardware that does 

not require any large structural change in the icepack. The system sends data to a 

computer for processing.  The electronic system involves microprocessor-control and is 
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based upon use of the Atmega32a [24] processor to control the system and also provides 

additional the programming possibilities. The treatment process can be performed 

automatically using cooling and the system performance can also be observed and 

evaluated during treatment.  With the use of the electronic cooling method instead of a 

simple physical cooling system using ice packs, it is easier to treat elderly patients, 

children and animals because the system responds to disturbances and maintains the 

required temperature automatically with reduced sensitivity to uncertainties and patient-to-

patient variations. It takes some time for the TEC system to reach the desired temperature 

but then the system continues to operate without any difficulty and the desired temperature 

is maintained. On the other hand, the temperature with the ice pack tends to rise 

significantly towards the end of the 200 minutes period. 

 

Fig. 6: Flow chart showing microprocessor algorithms during cryotherapy. 

Figure 6 shows the flow chart for the microprocessor-based control and indicates how 

requirements can be changed according to the type of user. For example in the specific 

flowchart shown in Fig. 6, the system was controlled so that it worked in an on-off mode 

and with a period of 15 minutes. 

2.4  Software Design for Controlling the Process 
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The main aim of system is about vigilant the Cryotherapy process and make the 

system adjustable to use for finding the effective time of protocol for different medical 

applications. According to the adjustable structure of macro controller, using a suitable 

program will fulfill all targets. Paper sampling of ice bag temperature and controlling the 

cooling process are the important parts of providing design's target. This part is provided 

by microcontroller analog part that it's server's code in 2.4.2 and the other part is about a 

comparison of time  schedule which is provided by a micro counter timer, is mentioned in 

2.4.2 effective voltage of the whole controllable system which is contain of micro 

controller and some 5 voltage sensors and the sample frequency are provided by the 32.67 

k external crystal, that change the system to a clock so it can control the cooling process 

all the time and does a current comparison among differences of temperature and time of 

cooling process. For controlling the microcontroller, we use code vision Avr software for 

programming the processor and controlling the cryotherapy process. The software consists 

of several parts: 

2.4.1 Code for Measuring the Value of the Temperature from Inside the Ice Pack 

ADMUX=adc_input | (ADC_VREF_TYPE & 0xff); 

delay us(10); ADCSRA|=0x40; while ((ADCSRA & 0x10)==0); 

ADCSRA|=0x10; t=((ADCW*2.56)/1023)*100; while (1){t0=read_adc(0)}; 

2.4.2 Code for Introducing the Time for the Course of Treatment 

Interrupt [TIM2_OVF] void timer2_ovf_isr (void) 

{if(second==59) 

{second=0; 

if(minute==59) {minute=0; 

if(hour==24) hour=0; else 

hour++;}else 

minute++;}else  

second++;} 

2.4.3 Start of Cryotherapy Involving Algorithm in While Loop  

Control of the Cryotherapy process is in accordance with the following: 

if (5<=T) 

{PORTD.7=1; PORTD.5=1; PORTD.6=0;} 

if (T<5) 

{PORTD.7=0; PORTD.6=1; PORTD.5=0;}   

Even though all controlled items, for the best temperature transferring in the ice bag a 

vibrator is used to help the pack to achieve the exact temperature sooner. Besides two 

sensors are used in the systems, so in investigator samples one of them is used for skin 

feedback temperature and the other one is used inside the ice bag. In reality the average of 

sensors temperature can be used for controlling the process in micro. This is sample 

program for a normal working system. This allows the users to make different patterns for 

different subjects. This is one of the biggest advantages that can reduce the duration of 

treatment for special categories of subjects such as professional athletes and the elderly or 

for animals such as race horses. 

2.4.4 Displaying Information about the Treatment and Time of Cryotherapy 
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sprintf(lcd_buff,"Time=%d:%d:%d\nT:%i'c",hour, minute, second,T); 

lcd_clear(); 

lcd_puts(lcd_buff); 

delay_ms(100); 

This code just shows all result of timing in display. On/off control is just for controlling 

cooling system. 

2.4.5 End of Treatment and Shut-down of System 

In this section cryotherapy is ended and the device is switched off. The program 

shown above is a sample program for operation of the cryotherapy system and provides an 

illustration of how   the time of cryotherapy could be established for any other type of 

subject. As shown in Fig. 7 the smart cryotherapy system is suitable for use as part of an 

emergency first aid kit. The system is portable and can be powered from the electrical 

systems in a car or from a mains electrical supply. 

 

Fig. 7: Smart cryotherapy system in physiotherapy centers and  

emergency ambulance service. 

3. CONCLUSIONS  

This paper outlines the design of a “smart” system for cryotherapy as Fig. 7 instead of 

using the systems based on simple ice packs or chemicals that are currently available. It 

also provides a platform for investigating new procedures for cryotherapy.  

The designed prototype has smaller size and lighter weight compared to existing 

products and traditional designs. The system gets feedback of the temperature of the 

icepack water and the environment and this allows it to reach the required temperature of 5 

° C through the use of suitable and flexible algorithms. The objective of the system 

outlined in this paper is to make it possible to perform Cryotherapy treatment using a 

portable charging the system by battery or charging it with automobile charger and 

programmable system which can be used for a wide range of human patients and for 

animals. Results presented in the paper show that this has been achieved. This paper has 

been suggested new device that can find new temperature and time for different type of 

users and also work fundamentally.  
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