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Abstract 

 

This research article presents the design of electronic system to identify the 

dressings or surgical instruments in the body of a patient prior to suturing an 

incision. Taking into account that some health entities have been cases in which 

health professionals that perform a surgical intervention have left forgotten surgical 

instruments and/or dressing in the patient's body, the need arises to design a device 

to detect textile material and instrumental in these procedures. The methodology 

used in the project corresponds to an experimental investigation and is part of an 

empirical approach of descriptive and analytical transversal cut, developed in four 

stages: analysis, planning, implementation and evaluation. The result is the design 

of the electronic device for the detection of surgical material that will provide 

patient safety that there will be no foreign bodies in its interior after being subjected 

to a surgical operation, in addition will contribute to reduce economic losses to the 

hospital as it will decrease the risk of lawsuits, and guardianships by patients who 

could have such drawbacks, in addition will provide reliability to medical personnel 

and hospital entities that make use of this computer. 
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1 Introduction 
 

The increase in adverse events that affect patients after surgery by the oblivion of 

dressings or surgical instruments in their bodies during their surgical intervention, 

identified the need to design an electronic device through the use of sensors can 

determine if these elements are found in a patient's body after a surgical procedure 

before proceeding to the suture on the part of the health professional, which allow 

you to verify that the wound does not contain such elements. By asking for a period 

of 4 years in this field, were sixty-eight (68) cases of retained foreign bodies in the 

body of patients, which proceeded to verify the information finding only 34 

confirmed cases. The 59% of the foreign bodies that were found in the patients were 

expected findings do not using postoperative routine with x-rays, being the gauze 

pads, the foreign body retained more common found in the cases analyzed, and the 

most common location was in the abdominal area. The above brings as a 

consequence, diseases, and subsequent infections in patients and demands to 

hospitals and discredit physicians among other disadvantages (1)]. Electronics is 

the branch of physics and engineering specialization, which considers and uses 

systems whose operation is based on the driving and control of the microscopic 

flow of electrons or other electrically charged particles (2)]. Design is defined as 

the process of mental settings, "pre-figuration", in the search for a solution in any 

field [3]. 

 

To design is to plan which mainly requires final functional and aesthetic 

considerations, there is a need of numerous phases of research, analysis, modeling, 

adjustments and adaptations prior to the final production of the object. In addition, 

includes a multitude of disciplines and trades depending on the object design and 

participation in the process of one or several people [4]. The design of electronic 

circuits, contributes to the resolution of problems applicable in the fields of 

electronic engineering, mechatronics, electro-mechanical, industrial automation, 

biomedical, among others and in many cases involves the design of software to 

perform its configuration and control, which is applicable and complementary with 

the computer engineering or systems [5]. 

 

The main uses of electronic circuits are the control, processing, distribution of 

information, conversion and distribution of electrical energy. These two uses 

involve the creation or the detection of electromagnetic fields and electric currents 

[6]. An electronic system is a set of circuits that interact with each other to obtain a 

result. One way to understand the electronic systems consists of divided into the 

following parts: Inputs, signal processing circuits, outputs [7]. The inputs and 

outputs of all signals are used in electronic system. A signal is the representation of 

a physical phenomenon or material state through an established relationship; the 

inputs and outputs of an electronic system will be signs variables. The signals can 
be similar (take an infinite set of values between two limits, such as pressure, tempera- 
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ture and speed) or digital (take discrete values in binary states of one (1) - on or 

scratch-off) [8]. A system programed via a computer system stored in a memory 

performs the control and management of the system contained in an electronic 

circuit that contains a microprocessor or microcontroller and a series of electronic 

components devices such as transistors, resistors, and other valves integrated into 

an electronic card, can make complex functions using the electrical charges [9]. 

 

2 Materials and methods 
 

The materials used were: optical sensor, microcontroller PIC 16F877, CI max232, 

capacitors, resistors, LCD display, quartz crystal, potentiometer, led diodes, Swich, 

Diodes Zenner, horn, operational amplifier, coil, transistor PNP, PIC simulator 

Software, Mplab, Proteus VSM and Office. The type of investigation work is 

experimental and the methodology with analytical empirical approach (for this 

project was carried out four scenarios of analysis as alternative solutions by 

identifying the technical characteristics, advantages and disadvantages of each) 

descriptive in nature (Select a series of technical factors, technological and 

engineering that are applicable to the needs of the research question How do I detect 

textile material in the body of a patient during a surgical procedure?), in four stages: 

analysis, planning, implementation and evaluation. 

 

Phases of the development cycle of the electronic system were. Product Concept: 

Corresponds to the definition of electronic product that you want to develop. In this 

first stage begins with the generation of ideas, which can be generated from the 

market or from the technology. The identification of the needs of the market leads 

to the development of new technologies and products to meet these needs [10]. This 

identification can be made through strategic monitoring, that is the system by which 

the company has appropriate information, at the appropriate time, to take the 

appropriate decision. It requires a process in which does the following: collection 

of information that the company needs, transformation to knowledge, valuation and 

distribution of information all this with the objective of monitoring the environment 

and exploit information [11]. In addition, analyzes the technical-economic 

feasibility of the product. Through the evaluation of the technical principles of the 

system and at the same time collects additional information on performance, 

reliability, maintenance characteristics and productivity; in addition the economic 

investment compared to the benefits that may be obtained from the marketing and 

product or system utility [12]. 

 

Conceptual design: Describes the technical specifications of the product such as 

standards, requirements and procedures to be employed and applied in all the work 

of construction or development of new products [13]. Functional design: In this 

phase is carried out the design of the hardware or physical part and the software or 

soft portion of the product to develop [14]. Virtual Prototyping: Corresponds to 

the design and generation of a product with enough features keys that allow its  
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assessment against the requirements. This means that the virtual product designed 

is not yet created physically however generates its visual representation for 

observation, analysis (technical and functional) minimizing economic costs and 

deadlines for development; the object has approximately the same behavior as the 

physical model except that this is available in a virtual environment generated on a 

computer [15]. 

 

Functional Prototype: Is the physical prototype of the product, in which tests and 

trials to verify compliance with the specifications; its purpose is to obtain a sample 

for the client, you must perform tests to the prototype to fit the initial requirements 

and obtain values required to perform a nearest approximation of the final product 

[16]. Preseries: In this phase is done the counseling and testing of the product, 

electrical safety tests, testing of climatic conditions and their validation in the 

productive process [17]. Integration of solidworks and labview for the development 

of a prototype of a virtual parallel manipulator type delta of three degrees of 

freedom. 

 

3. Results and discussion 
 

The prototype was an electronic circuit inductive sensor, the high coercivity 

magnetic be added to the gauze to be detected by an inductive sensor. The pros are: 

the magnetic stripe resists the 134°C of the sterilization process of the gauze. It is 

made with high coercivity material so it is easy detection by an inductive sensor. 

Its aspects against are: The magnetic stripe affects the asepsis of the gauze. The 

process of magnetization is costly and wasteful. 

 

Several alternatives were analyzed electronic product design below are the results 

of each alternative analyzed. It incorporates a barcode on the gauze to the detector 

using an optical device, can read the encoding of this and so locate the textile 

material. The prototype was an electronic circuit with bar code reader, its 

advantages are: The bar code is printed at low costs, the barcode allows to quickly 

capture the data, has very low margins of error. Its disadvantages are noticeably 

affects the asepsis of the gauze pads. The presence of blood and of different organs 

of the human body can block the passage of the light beam and therefore the 

detector does not read the bar code. 

 

The existence of a reference coil and a search that are used as oscillators to the same 

frequency. When the coil of search is about a driver generates currents that produce 

a magnetic field which varies the auto inductor of the coil of search. This variation 

leads to a difference in the frequencies of the oscillators that beat and are amplified 

by producing an audible sound. The prototype was an electronic circuit frequency 

oscillator, its advantages are: The frequency oscillator detects metallic and non-

metallic objects, as well as fluids, solids and textile material. The oscillator has the 

ability to detect materials without physical contact. The oscillator of frequency is 

low cost. Its disadvantages are: Has a sensing distance of very short (60mm). They  
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are very sensitive to environmental factors: the humidity can affect the outcome of 

the detection. 

 

The ultrasonic sensors have as their main function the detection of objects through 

the emission and reflection of sound waves. They work by emitting a ultrasonic 

pulse against the object to identify, and by detecting the reflected pulse, for a timer 

that home your counting when you issue the pulse. This time is referred to distance 

and in accordance with the parameters chosen in response with it send an electrical 

signal digital or analog. It is a sensor that produces high frequency sound waves to 

produce images inside the body. Allow us to observe the presence of gauze or 

bandages on the inside of the abdominal cavity. The prototype was an electronic 

circuit capacitive sensor, its strengths are: The asepsis would not be affected in any 

way. The images obtained are very good. Detects textile material and instrumental 

simultaneously. Its weaknesses are: is a costly alternative in comparison with the 

previous alternatives. The interface from the sensor to a screen is very complex. In 

assessing the alternative 4 was considered more feasible the number 3 (Detection 

of textile material and instrumental with a frequency oscillator see image 1 that 

contains the block diagram) due to the fact that the frequency oscillator allows to 

detect textile material and instrumental easily due to its coils of reference and 

search, as well as cost is low and its operation is effective (Figure 1). 

 

 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Block Diagram on the design by selecting for the alternative solution 3. 

 

In the face of this problem, have attempted to give several solutions some 

rudimentary to count the gauze and all instruments before, during, and after a 

surgical procedure; other more developed employ advanced technology as it is a 

microchip that is implanted in the gauze, which produces a sound when you pass a 
reviewer apparatus above; or leading the patient to a fourth postoperative inspection, 
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where through a team of high-resolution x-rays under review before passing it to a 

recovery room. However, in most cases the objects are detected by x-rays after the 

patient has left the operating room. 

 

At Stanford University in California studies were undertaken to that surgeons don't 

forget objects within the patients, the system alerted with precision to the surgeons 

when deliberately left a gauze, equipped with a tape of detection, within a site 

temporarily closed. However, experts noted that the size of the chips employees of 

20 mm is too large and should be reduced to be employed in gauze and surgical 

instruments. In the United States, uses a method called secure gauze (the Safety-

Sponge System TM) of Surgicount Medical, which consists of each gauze, 

compress and/or dressing this premarcada, with a unique and specific bars. This 

system consists of a scanner for the count which is used to read and record the 

barcode of the material to be used in surgery. 

 

There are other systems such as the so-called clear account (Clear-Count 

ClearCount SmartSponge systemtm and's) that automates the procedure of the 

count and avoids the use of x-rays, designed also for the resolution of the 

complication, since in more than 10 million surgeries every year in the United 

States, the nursing staff uses 15-30 minutes in the manual counting of the surgical 

material before, during, and after the surgical procedure, in order to avoid a 

complication. However there is a need for a system, as proposed, that is truly secure, 

where you decrease the probability that the patient leaves the room of surgical 

procedures, with a foreign object in your body. 

 

4. Conclusions 
 

The realization of the project was based on several stages, a reference oscillator 

which provides us with certain frequencies in order to take them as the basis for 

implementing the other oscillator; a coil explorer, printed on a printed circuit board 

which composes the search oscillator; mixer based on a common emitter 

degenerated with filters to collect the signals of the oscillators and then move on to 

the next stage; and phase of signal amplification which takes the output of the 

detector and the wide so that it can be applied in a speaker. A frequency converter 

integrated circuit to voltage for the visual indicators and to have a stable circuit. 

 

During the execution of the project had multiple problems because the coils did not 

provide certain frequencies and the circuit based on capacitors did not ensure good 

stability, however during the first test in breadboard the circuit responded 

satisfactorily, although occasionally frequency measurements were inaccurate. 

Similarly a missing component too relevant to the effective development of the 

circuit (frequency converter to voltage).During the development of the printed 

circuit board had problems because the roads were very thin and had not good 

contact between them, it was decided to increase its size. After printed, and be in 

the printed circuit board the new circuit, checked to see if there was good contact  
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between each component. Measurements were made of the respective frequencies 

and voltages giving unsatisfactory results due to that what is gained is not within 

specifications. The design of the oscillators was affected and the frequencies have 

not yielded the expected values, the integrated frequency converter to voltage 

distorted the impedances of the signals of the oscillators before moving on to the 

stage of the mixer and the circuit did not respond as expected. 
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