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Summary 
Pressure injuries are a  serious medical problem that both negatively affects the patient's 
quality of life and results in significant healthcare costs. In cases where a  patient doesn’t 
receive appropriate treatment and care, death may result. Nurses play critical roles in the 
prevention, care, and treatment of pressure injuries as members of the healthcare team 
who closely monitor the health status of the patient. Today, the use of artificial intelligence 
is becoming more prevalent in healthcare, as in many other areas. Artificial intelligence 
is a  method that aims to solve complex problems by using computers to mathematically 
simulate the way the brain works. In this article, we compile and share information about 
a deep learning model developed for the detection and classification of pressure injuries. Deep 
learning can operate on many types of data. Convolutional Neural Networks (CNN) prefer 
images because they can handle 2D arrays. In this case, the images, annotated according to 
the National Pressure Injury Advisory Panel pressure injury classification system, have been 
fed into a deep learning model using CNN. The developed CNN model has a 97% success in 
detecting and classifying pressure injuries, and as more images are collected and fed into the 
CNN, the prediction accuracy will increase. This deep learning model allows for the automatic 
detection and classification of pressure injuries, an indicator of health outcomes, at an early 
stage and for quick and accurate intervention. In this context, it is expected that the quality of 
nursing care will increase, the prevalence of pressure injury will decrease, and the economic 
burden of this health problem will decrease.
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Streszczenie
Odleżyny są problemem zdrowotnym, który negatywnie wpływa na jakość życia pacjenta 
i  powoduje poważne koszty opieki. W  przypadku braku odpowiedniego leczenia i  opieki 
może to doprowadzić do śmierci pacjenta. Pielęgniarki odgrywają kluczową rolę w zapobie-
ganiu, opiece i  leczeniu odleżyn jako członkowie zespołu opieki zdrowotnej, którzy ściśle 
i  stale monitorują stan zdrowia danej osoby. Obecnie w  dziedzinie zdrowia, podobnie jak 
w wielu innych dziedzinach, coraz częściej wykorzystuje się sztuczną inteligencję. Sztucz-
na inteligencja jest metodą, która ma na celu rozwiązywanie złożonych problemów poprzez 
matematyczne symulowanie sposobu działania mózgu z wykorzystaniem komputerów. Ni-
niejszy artykuł jest przeglądem zaprojektowanym w  celu podzielenia się informacjami na 
temat modelu deep learning opracowanego do wykrywania i klasyfikacji odleżyn. Deep lear-
ning może działać na wielu typach danych. Konwolucyjne sieci neuronowe (ang. convolutional 
neural networks, CNN) preferują obrazy, ponieważ mogą obsługiwać macierze 2D. Obrazy, 
uporządkowane zgodnie z systemem klasyfikacji odleżyn według National Pressure Injury 
Advisory Panel (NPIAP), zostały przekształcone w  "Deep Learning Model" z  wykorzysta-
niem CNN. Opracowywany model CNN ma 97% skuteczności w wykrywaniu i klasyfikowa-
niu odleżyn, a im więcej obrazów zostanie zebranych i wykorzystanych w CNN, tym większe 
będzie prawdopodobieństwo trafnej prognozy. Ten model deep learning daje możliwość au-
tomatycznego wykrywania i klasyfikacji odleżyn, które są wskaźnikiem jakości zdrowia, na 
wczesnym etapie oraz dokładnej i  szybkiej interwencji. W tym kontekście oczekuje się, że 
jakość opieki pielęgniarskiej wzrośnie, zmniejszy się częstość występowania odleżyn oraz 
obciążenie ekonomiczne związane z tym problemem zdrowotnym. 
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Introduction

Pressure injuries, which are indicators of the quality of a health care system, are a serious patient safety 
problem, and the severity of these injuries affects the length of a patient’s hospital stay and the cost of care [1-3]. 
Pressure injuries are defined as localized injuries caused either by the force of tearing and pressure combined 
or by pressure that can build up on bony prominences. These types of injuries can lead to a decrease in quality 
of life for the patient and their family and can also cause social isolation, the need for long-term nursing care, 
mortality, morbidity, and nosocomial infections when appropriate treatment and care is not provided [4-7]. 
According to 2016 data from the National Pressure Ulcer Advisory Panel (NPUAP), the prevalence of pressure 
injury in the United States varies between 1.3-3 million, while the annual cost to the country is 2.2-3.6 billion 
dollars [4]. In Turkey, on the other hand, pressure injury incidence is 5.5%-17.5% [5,7-9], and pressure injury 
prevalence overall (between Stage 1 and Stage 4) is 12.7%. Except for Stage 1, the prevalence is 6.7%, and 48.5% 
of all pressure injuries are Stage 1 [3,10]. 

Pressure injuries occur in more than 1.5 million patients treated in healthcare facilities in the United States 
each year, which increases healthcare spending by $15,229 per patient and lengthens patients’ stay in healthcare 
institutions by approximately 8.2 days [1,2,7,8]. Worldwide, the daily health expenditure for pressure injuries 
is 2.34-77.36 € per patient, and the average cost to prevent pressure sores in a patient known to be at risk is  
7.88 € [8,11].

While care in the nursing process is exhibited in an analytical and systematic structure rather than intuitively 
[12,13], this structure is formed by nurses following innovations in care and benefiting from technology in care. 
Now we are living in the technology age, and the use of information technologies and artificial intelligence has 
become inevitable in nursing, as in many areas. John McCarthy was the first scientist to define the term artificial 
intelligence: “the science and engineering of making intelligent machines, especially intelligent computer 
programs” [14,15]. Artificial intelligence is a branch of science that aims to design machines that can learn from 
past experiences and have the ability to perform analytical feats similar to how humans think and reason [14-
16]. In today’s technology-driven world, artificial intelligence plays an important role in creating devices that 
can think, reason, and make decisions like humans. Therefore, the proposal to model the human brain has been 
put forward. Artificial intelligence has enabled the human brain, its way of thinking, and its decision-making 
power and learning capabilities to be imitated by machines [16].

Aim of the work

With artificial intelligence, it is possible to design systems that mimic certain human behaviors and simulate 
the thinking process for tasks that require specific expertise [1,5,6,17-19]. Medical expert systems – using 
artificial intelligence as the expert – are the most frequent application in artificial intelligence and have been 
developed to find solutions to common problems in the healthcare [17-25]. The purpose of medical expert 
systems is to provide advice and recommendations to the physician based on patient data rather than replacing 
the physician [12,24]. 

Based on this information and using the deep learning model we are developing, it will be possible to 
accomplish four tasks: 1) to perform the recommended risk assessment for the prevention of pressure injury, 
2) to plan preventive care by determining the individuals at risk, 3) to correctly and systematically identify the 
stage of the wound when pressure injury develops, and 4) to determine the necessary care required based on 
wound stage. With this deep learning model, it is expected that the quality of nursing care for the prevention and 
treatment of pressure injury will increase and that the prevalence of pressure injury will decrease. 

This article is a review designed study to share information about the deep learning model developed for the 
detection and classification of pressure injuries.

The innovative approaches used in the detection and classification of pressure injuries in the world and 
Turkey

Today, computer and information technologies are widely used in the healthcare fields as in almost every 
field. Innovative products and services enable early diagnosis and treatment of diseases and reduce health 
expenditures, and these products have emerged with the spread of innovation, which is a product of technology 
advances [14,26-31]. Studies have shown that transferring nurses’ innovative thinking and developing abilities 
to clinical areas provides several benefits, including allowing for increased quality of care, earlier diagnosis of 
risky conditions and diseases, and additional measures to eliminate risk factors [13]. Examples of innovations 
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used in nursing practices related to patient safety are prevention of falls, home care, medication administration, 
infection control, and pressure injury and wound care [11,14,32].

Pressure injuries are an internationally defined preventable problem. However, pressure injuries can occur 
widely in clinics despite all possible interventions [24-27,33]. Studies have shown that the prevalence of pressure 
injuries is 7.8% -13.5% in general, 3-18.5% in acute care wards, and 14% -33.7% in intensive care wards [3,10,28]. 
Pressure injuries have a substantial impact on the affected patient, and they can be painful, become severely 
infected, or have a foul odor. After adjusting for age, sex, and comorbidities, it has been shown that people with 
pressure injuries have a lower health-related quality of life than those without pressure injuries [1,4-6,17,18,29-
31,34,35]. It is important to perform the risk analysis of such a common and serious health problem, which can 
bring morbidity and mortality, and to correctly determine the staging and appropriate nursing interventions 
when it occurs. Nurses are the entities responsible for determining the stage of the injury and for providing 
appropriate care for the stage [8,9,12,36,37]. Studies focusing on the prevention, detection, and treatment of 
pressure injuries have shown that innovative approaches such as mobile applications, biosensors, augmented 
reality, and artificial intelligence are currently being applied [35,36,38-42].

A literature review was performed for published works on pressure injury. Using Google Academy, Thesis 
Center, PUBMED, and CINAHL databases to find studies conducted after 2015, we searched for combinations of 
“pressure injury” and “artificial intelligence”, “biosensor”, “augmented reality”, “virtual reality”, “serious game”, 
and “mobile application”. In this context, 3052 articles were found, and 45 articles met the criteria detailed 
above. The study acceptance criteria are the following: 2015 and later, full text available in English.

The use of mobile health applications, defined as responding to healthcare services with mobile devices, 
is rapidly increasing. Mobile applications are also used for a  wide range of detection and classification of 
pressure injuries [19,32-34]. Shepherd et al. [35] stated that the detection, staging, and treatment of pressure 
injuries using information technology would be more effective. Garcia-Zapirain et al. [34] developed a mobile 
application for the non-contact assessment of pressure injuries and found that this application allows for 
staging of injuries, obtaining relevant information for diagnosis, and monitoring the progress of injuries. 
Fraiwan et al. [32] developed a mobile application that detects body temperature and analyzes the risk of 
pressure injury. Tibes et al. [36] stated that the error rate in staging and risk calculation of the Braden scale 
decreased with the use of mobile application developed for the prevention and classification of pressure 
injury. Poon et al. [37] developed a mobile application that allows for the color and size of the pressure injury 
to be accurately determined. Kim et al. [38] made it easier to identify risky individuals by analyzing the risk of 
pressure injury with the mobile application called SAPPIRE. Barreno et al. [29] developed a mobile application 
that provides information about pressure injury classification, evaluation, treatment, and the care products 
to be used, thereby increasing patient knowledge.

Biosensors are sensor systems consisting of biological sensors and physicochemical transducers combined 
with biological systems. Compared to traditional methods, biosensors have many innovative features, such 
as being fast, low-cost, portable, simple-to-use, and facilitating sample preparation [42-51]. Biosensors have 
been used in healthcare fields for many years, and they provide opportunities to improve healthcare services 
and increase patient quality of life [39]. Studies have shown that biosensors are effective in detecting pressure 
injury [40,41]. Lee et al. [40] have achieved great success in early detection of pressure injuries with the position 
and pressure zones they predefined for biosensors and pressure sensors. In another study, Tavares et al. [41] 
demonstrated successful early detection of pressure injuries by placing biosensors in wheelchairs. 

Augmented reality is a system created by the integration of the virtual environment with the real environment. 
Augmented reality systems store information about the real world using perceptual data gathered by computers, 
thus enabling the augmentation of reality for the user [42]. Mamone et al. [31] reported that augmented reality 
technology is an objective and operator-independent tool for evaluating morphological images of pressure 
injuries. Deprez et al. [42] stated that ultrasound technology converted to simulation is useful in the early 
detection of pressure injury.

Deep learning is an artificial intelligence method that uses multi-layered artificial neural networks for 
applications such as object recognition, speech recognition, and natural language processing, and it is one 
of the types of machine learning. Deep learning is able to automatically learn from the symbols belonging 
to pictures, videos, sounds, and text instead of learning with coded rules like traditional machine learning 
methods [20,23]. Therefore, we propose that deep learning can help with detection and classification of 
pressure injuries. Studies have shown, for example, that deep learning and artificial intelligence models can 
estimate pressure injury risk [11,13,43]. However, there are currently no studies focusing on the classification 
of pressure injury. Raju et al. [13] used data from a  four-year follow-up in a  military hospital to provide 
a more accurate and faster prediction of Braden risk scale scores with a deep learning model they developed. 
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Alderden et al. [11] developed a deep learning model that demonstrates the risk analysis of pressure injury 
in intensive care patients, and they used more accurate measurements and a  more meaningful pressure 
injury risk analysis for these intensive care patients, who are considered to be high risk. Demircan et al. [43] 
developed a mathematical model that analyzes the risk factors for the formation process of pressure injury, 
and their model enabled early detection of pressure injuries. The use of these innovative applications, which 
are being employed around the world, is limited in our country. In an environment where technology develops 
rapidly and is consumed equally rapidly, training innovative nurses by integrating technology into nursing 
practices will increase the visibility of our profession.

Deep learning model in detection and classification of pressure injuries 

Nowadays, with the increasing use of technology, it is clear that more data is needed to solve complex 
problems. In order to respond to this need, Convolutional Neural Networks (CNN) have emerged as a type of 
artificial neural network that can learn from the symbols of images, video, sound, and text, instead of learning 
with coded rules as in machine learning, and they are used for many applications, such as object recognition, 
speech recognition, and natural language processing [16]. CNN are one of the deep learning methods, which is 
a sub-branch of machine learning and has the ability to learn through examples. CNN can learn from raw image 
or text data and can increase prediction accuracy according to the size of the data [6,35,37,44,45,52-55]. In this 
work, detection and classification of pressure injuries will be accomplished with a deep learning model. Our 
study is the only study that has used machine learning to predict the stage of pressure sores. It is thought that 
the proposed method will contribute to the detection and treatment of pressure injury in healthcare.

Data set

In this study, the images of 175 patients diagnosed with pressure injuries form a data set. Each image consists 
of 128x128x3 dimensional image data.

Ethics

The Ethics Committee of Istinye University (Turkey) issued approval (No. 21-04. of 27th Jan 2021) to conduct 
the research. The study was conducted according to the principles in the Declaration of Helsinki.

Data pre-processing methods

1.	The size of each image is changed to 200x200x3 for preprocessing.
2.	The number of image data has been multiplied for the preprocessing. To increase the size of the image 

data set, several image processing techniques are applied, including 0.02 zooming in, zooming out, 
rotating, and random shearing processes. 

3.	Prior to pre-processing of the image data, pixel normalization is performed on the images. Pixel values in 
the raw images between (0-255) are normalized and converted to values between 0-1.

4.	To preprocess the image data, color changes are applied to the images, and grayscale optimization is 
applied to these images [56]. 

5.	Images are labeled with a  classification corresponding to pressure injury severity, which is staged 
according to NPUAP pressure injury. 

Image data classification model

For the classification of image data, we used the Alex Net Convolutional Neural Network model, which won 
first place in the ImageNet large-scale visual recognition competition in 2012 [40,57]. We use this model for 
a new application to classify the available image data of pressure injuries. 

Structure and properties of the classification model 

The CNN model to be used in the classification of pressure injuries is called the BYT-CNN model. BYT refers 
to pressure injury detection (PID). Figure 1 shows the suggested BYT-CNN model. In this model, there are 5 
convolution layers, 5 average pooling layers, 3 release layers, 1 smoothing layer, and 3 density layers. 

Prediction and classification of pressure injuries... 
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Figure 1. BYT-CNN model

1.	  Input Layer: It is the input layer where the images are defined as 128x128x3. 
2.	  Convolution Layer: It is the layer where the convolution process is applied to images [24]. 16 3x3 

filters are applied to the images for convolution. For RGB images, filters are circulated 3 times. The dot 
multiplication operation between 3x3 matrices is accomplished by shifting 2 steps. An activation map is 
created using the activation function (ReLU), with the negative value remaining 0 and the positive value 
being derived from the matrix elements after the dot multiplication process. Padding has been applied 
to keep the size of the image unchanged. This is done by adding a zero to the empty edges in the matrix. 

3.	  Pooling Layer: It is the layer on which the pooling process is applied to images for feature extraction. 
The average pooling process is done by dividing the images into 2x2 dimensional matrices. The average 
pooling process is carried out by taking the arithmetic mean of four values in the matrix and transferring 
it to the newly created matrix. 

4.	  Drop Layer: It is the layer on which a random 2% drop operation is applied to the matrices that are 
created after the pooling process. This dropping process is applied to prevent memorization. It randomly 
sets the value of 2% of the pixels in each matrix to zero.

5.	  Smoothing Layer: It is the layer in which the matrix that is obtained after the drop layer is transformed 
into a column vector. 

6.	  Density Layer: It is the layer where the activation process is applied to the value obtained by multiplying 
each pixel of the column vector (created after the smoothing process) by the random weight values of 
the neurons and adding the bias value to the multiplication result. If the value obtained is higher than 
the thresholding value, the value is transferred from this neuron to the neurons in the other layer. If the 
value obtained is lower than the thresholding value, the value is not transferred to the neurons in the 
other layer.

7.	  Output Layer: This layer consists of four neurons, and each neuron represents one stage. The value 
obtained after the dropout layer is applied, and whichever neuron’s value is close to the index value 
is considered the output result. The neuron output result also shows the stage of pressure injury. The 
softmax function is used for the classification process and calculates the probability of the class obtained 
as a result of the drop operation. Back propagation is the process to minimize the error of the incorrectly 
calculated class, and it is performed by updating the weights in density layers and comparing the 
recalculated output with the final output to minimize the error [27]. 

Prediction and classification of pressure injuries... 
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Conclusions

Since deep learning models used in healthcare do not have human-induced observation errors by their 
nature, they give more accurate results than other methods. The BYT-CNN model we are developing has achieved 
a classification estimation success of approximately 97% by training with 175 sample patient images. Since CNN 
models in general offer better performance with more images, the BYT-CNN model will be used to both predict 
the presence of the disease and to solve the classification problem of disease stage using image data of 500 
patients. Early detection of pressure injury and early stage classification together will provide faster and more 
effective treatment to the patient. Moreover, deaths caused by this disease may be prevented, thereby increasing 
the quality of patient care.
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