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Abstract 

 
Animal-based research transcends species boundaries. Animal studies are 

continuously being undertaken, both as a means to gather information to better understand 

human pathophysiology and in the field of Animal Care, where research is performed with 

the end goal of studying the animals themselves. As more and more animal data is being 

generated, it becomes imperative to find ways to effectively store and easily access and 

analyze this information. While a few human biochemical and imaging databases are 

available, no such framework exists for animal data. We present an integrated database, 

VetIDB, which gathers animal data collected during veterinary medicine appointments – 

namely, digital x-ray images and blood test results of canine and feline patients. This database 

makes the clinical history of the animal patients readily available through an online platform, 

to be accessed by both veterinary physicians as a tool for monitoring their patients’ evolution, 

and researchers as a catalogue to choose animal subjects from. By using VetIDB to locate 

animal-based data of interest, researchers can rapidly cross biochemical information and 

biomedical images, thus obtaining accurate and reproducible data for both Veterinary 

Research and animal studies in the field of Human Medicine. 

 
 

 

 

 

 

 

 

 

 

 

 

Keywords: clinical history, medical imaging, biochemical data, relational databases, 

veterinary research, PHP, data storage. 
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Resumo 

 
A investigação animal transcende barreiras entre espécies. Estudos envolvendo 

animais estão continuamente a ser realizados, tanto como um meio de recolha de informação 

de forma a atingir uma melhor compreensão da fisiopatologia humana, como no campo dos 

cuidados animais, onde a investigação é realizada com o objetivo do estudo do próprio 

animal. Ao ritmo a que dados de animais vão sendo gerados, torna-se necessário encontrar 

maneiras eficazes para armazenar estes dados, permitindo que estes sejam acedidos e 

analisados de forma simples. Enquanto que é possível encontrar alguns sistemas de bases de 

dados bioquímicos e imagiológicos humanos, o mesmo não se aplica ao caso de animais. 

Apresentamos então uma base de dados integrada, VetIDB, que tem como objetivo a recolha 

de dados de animais durante consultas de rotina nos centros veterinários – nomeadamente 

exames de raio-x digital e resultados de análises ao sangue e urina de pacientes caninos e 

felinos. Esta base de dados possibilita o acesso ao histórico clínico dos pacientes animais 

através de uma plataforma online, tanto a médicos veterinários, como forma de 

monitorização da evolução dos seus pacientes, como a investigadores, funcionando como 

banco de dados de onde é possível escolher participantes que se adequem às necessidades 

dos seus estudos. Ao utilizarem a VetIDB para a localização de dados de animais de interesse, 

os investigadores conseguem rapidamente cruzar informação imagiológica e bioquímica, 

obtendo assim dados fiáveis e reproduzíveis tanto para investigação veterinária como para 

estudos animais em campos da Medicina Humana. 

 
 
 
 
 
 
 
 
 
 
 
 

Palavras-Chave: Historial Clínico, Imagem Médica, Dados Bioquímicos, Bases de Dados 

Relacionais, Investigação Veterinária, PHP, Armazenamento de Dados. 
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Chapter 

1 |   Introduction 

 Motivation 

1.1.1 Pet Ownership Numbers 

 

We welcome pets into our homes for a variety of reasons, including companionship, 

recreation, and protection[1]. Most pet owners actually refer for their animal companions as 

being part of the family, being actively integrated with everyday living, participating in family 

activities and in hard times might even offer support coping, resilience and recovery.[2][3] 

According to the 2012 U.S Pet Ownership & Demographics Sourcebook, 36.5% of American 

households own at least one dog and 30.4% at least one cat, spending an average of 378$ 

and 191$ respectively in veterinary expenses per year.[4] 

The benefits of owning a pet are widely documented and acknowledged by many, 

including the US National Institutes of Health. As a practical example, it is known that one in 

every three Americans suffer from high blood pressure[5] and according to the American Heart 

Association, the presence of a pet has a significant and positive effect on their owner’s 

cardiovascular reactivity to stress.[6] It is also worth noting that dogs also appear to positively 

influence their owners by leading to higher engagement in physical activity and walking, being 

more likely to achieve the recommended level of physical activity than non-owners.[6] 

Similarly, there are also arguments in favor of the risks pets can present to their owners. Pets 

might infect people with disease, cause injuries and even challenge the financial resource 

prioritization within the owning family.[7]  

 

1.1.2 The One Health Approach 
 

We can consider Rudolf Virchow’s statement as wise today as it was over a century 

ago. The idea of absence of a dividing line between the Homo Sapiens and remaining species 
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is greatly beneficiary for the One Health Initiative defended my many. This initiative consists 

of a worldwide strategy for expanding interdisciplinary collaborations and communications in 

all aspects of health care for humans, animals and the environment. It is an effort to properly 

stimulate the acceleration of biomedical research discoveries and enhance public health 

efficiency by aiming to improve medical education and clinical care through the expeditious 

expansion of the scientific knowledge base.[8] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The commonalities between different species can and should be exploited since it is a 

known fact that few diseases affect exclusively one group of animals (wildlife, domestic 

animals or humans).[9]  Zoonotic infections (or Zoonoses) are any animal infectious diseases 

that can be naturally transmitted to humans. These can be caused by a variety of disease 

pathogens such as viruses, bacteria, parasites and fungi.[10] In fact, of 1415 species of 

infectious organisms known to be pathogenic to humans, 868 (an impressively high 61%) are 
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Figure 1 - One Health Initiative: Interconnections between different study areas affecting not only Human but also Animal 
health, making contributions to a better state of Public well-being. Adapted from [8] 
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zoonotic. Also zoonotic are 132 out of 175 (75%) pathogens associated with emerging 

diseases1.[11] Based on these premises, one could argue that veterinary medicine and research 

are fundamentally human health activities. 

 

1.1.3 Contributions of Veterinary Research 

 

The historical contributions of veterinary research to advancements in medicine are 

rich and widely documented. From the early days of medicine where comparative anatomical 

and physiological studies were conducted in order to provide a basis for our understanding 

of embryonic development, human blood circulation and lymphatics, organ structure and 

function to Pasteur’s experiments on rabies and anthrax vaccination in sheep or Koch’s 

studies of tuberculosis (all of which depended either on the knowledge of comparative or 

veterinary research).[9] However, it has been in the last two decades that the vital role of 

veterinary research has been brought into stark reality. Concerns driven by the recognition 

that many emerging infectious diseases of humans are zoonotic (such as Escherichia coli 

infection, bovine spongiform encephalopathy, avian influenza, Ebola virus disease, 

salmonellosis and influenza[11]) highlight the importance of research in order to improve 

veterinary public health and food safety. 

 

1.1.4 Data Storage Needs 

 

Several gigabytes of medical information are generated on a daily basis. A substantial 

part of this information corresponds to imaging data:  the Geneve University Hospital alone 

reported the production of 12000 medical images per day [12] and, in 2006, around 377 million 

Radiology examinations and 18 million Nuclear Medicine procedures were performed solely 

in the United States. [13] As increasingly larger amounts of medical images (as well as other 

                                                      
1 Diseases or pathogens are considered as emerging when they appear in a human population for the first time, 

or have occurred previously but are increasing in incidence or expanding into areas where they had not 
previously been reported.[11] 
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patient data) are being produced, having an efficient and economic data storage system is 

crucial. 

 While some efforts to increase the efficiency of human clinical data storage systems 

are being made, the same – surprisingly – isn’t true for animal data. Animal studies are 

continuously being undertaken, not only in Veterinary Medicine, but also as an important pre-

clinical step in human pathophysiology research. 

In Veterinary practice (at least, where Portuguese veterinary centers are concerned), 

it is common to have separate storage solutions for each individual type of patient 

information. For instance, a veterinary clinic’s x-ray imaging records can be stored in a specific 

digital archive, while the patient’s clinical history is kept in a different (and incompatible) 

computerized archive system and their blood test results are filed away on yet another 

format. As a consequence, valuable animal patient data – suitable for studies in both 

Veterinary Medicine and Human Health Research – are not being properly stored, integrated 

and systematized and are incredibly vulnerable to system failure and data loss. 

 

 Objectives 

 

With this project we are aiming to create an Integrated (relational) database that acts 

as a cloud-based archive for animal imaging and biochemical information in order to address 

the needs of a proper storage solution in veterinary medicine. 

This database aims not only to offer an all-purpose archive and organization tool for 

the different types of data generated during the Veterinary practice, but also to provide a 

complete online platform for Veterinary research. By combining the animals’ clinical history 

and patient demographics with their imaging and biochemical data, VetIDB constitutes a 

unified and complete database for researchers to select their data from. In addition, it will 

facilitate data sharing amongst different Veterinary centers and practitioners, thus 

contributing to a better cooperation between different Veterinary teams, so that an improved 

and personalized patient care can be offered to animals and pet owners. 

In order to meet the expectations of veterinary practitioners, a partnership was 

established with CVO in order to assess information collected in regular consults and the 
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standard veterinary practices. Data from the clinic’s patients that had both imaging and 

biochemical data was also collected in order to populate and test VetIDB. 

 

 Structure of this work 

This work is comprised of 7 chapters and is organized as follows. 

 

Chapter Brief Description 

1 | Introduction Through this first chapter, a brief 

introduction stating the motivation as well 

as main objectives of the work conducted 

throughout the year are presented. A short 

summary of the contents of this work is also 

made. 

2 | Theoretical Background This chapter focuses on the theoretical 

background of the work conducted through 

the last year, presenting a brief introduction 

to medical imaging, databases and DBMS 

and also databases in the medical practice. 

The fundamentals about Relational 

Databases  and it’s conception are also 

discussed. 

3 | Equipment Used and Data Collected Chapter 3 focuses on the data collection 

process at the veterinary clinic that hosted 

this project. Some of the equipment and 

limitations of the technologies used at the 

facilities are explored. 

4 | Database Design & Implementation The fundamentals and process of 

conception and implementation of a 

relational database are explored as well as 

the steps that go from the design of the 
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Conceptual Model to the actual final 

database. 

5 | Choice of Technologies The process and justification of the software 

choices made during the development of 

this work are explored in this chapter. Both 

for the RDBMS and the development 

framework for the application. 

6 | The Platform In this chapter, a presentation and 

functionality description of the final work 

developed throughout the year is made. 

Topics such as user authentication, layout 

presentation and functionality as well as the  

process of adding and accessing data are 

explored in this chapter. 

7 | Conclusions/Future Work This chapter marks the end of the work. A 

brief conclusion about the work conducted 

throughout the year as well as a small 

discussion of the weaknesses and future 

potential of the platform are also explored. 

Table 1 - Summary of contents explored throught this work. 
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Chapter  

2 |   Theoretical Background 

 

 Medical Imaging 

 

The definition of Medical Imaging is generally accepted as the techniques and 

processes that allow the creation of visual representations of the interior of a body for clinical 

analysis and medical intervention. It seeks to establish a database of what is considered to be 

normal anatomy and physiology with the aim of allowing the identification of possible 

deviations or abnormalities. Depending on the context it can be considered as a sub-discipline 

of biomedical engineering, medical physics or medicine. The use of diagnostic imaging has 

increased significantly over the last two decades. The upsurge of new and improved 

technologies and techniques of medical imaging can be credited as a main reason to the 

earlier and more accurate diagnoses of disease via non-invasive methods. Payments to 

physicians for diagnostic imaging exams in the US have the highest rate of growth amongst 

all of the physician provided services. However, CT and nuclear medicine examinations use a 

higher dose of ionizing radiation than conventional radiographs and the rapid growth of the 

use of some of these imaging techniques has led to an estimation (supported by extensive 

epidemiological evidence) that 2% of future cancers will result from current imaging use, if 

imaging continues at current rates.[14][15]  

Although a lot can be said about medical imaging and its contributions to diagnosis 

and research, considering the scope of this project, we will be focusing mainly on Computed 

Radiography. 

 

2.1.1 Computed Radiography 

 
The history of X-rays dates back to 1895. Wilhelm Conrad Röntgen, a Professor at the 

Wuerzburg University in Germany, discovered the X-ray and noticed that, while able to pass 
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through human tissue, it was unable to pass through bone or metal. 

The name “X” was actually given in order to identify it as an unknown 

type of radiation[14]. This discovery would grant him the very first 

Nobel Prize in Physics[17]. Radiography is, therefore, an imaging 

technique wherein electromagnetic radiation other than visible light 

(especially X-rays) are used in order to observe the internal structure 

of non-transparent objects of varying density and composition. A 

good example of this is the human body. In the simplest of terms, an 

image is obtained when an heterogeneous beam of X-rays produced 

by a generator is projected towards the object which ends up 

absorbing a part of it. The remaining X-rays that are able to make it 

through are captured behind the object using a detector (usually 

either photographic film or a digital detector). This originates an 

image that is a superimposed 2D representation of the object’s internal structures. 

CR is a type of X-Ray imaging. However, instead of using traditional photographic film, 

it uses an imaging plate (IP) made of photostimulable phosphor housed in a special cassette 

and placed under the body part to be examined. Then, by using a special laser scanner (CR 

reader), the image is read and digitized. This is the imaging technique most used at CVO for 

diagnostic purposes as it allows for an almost instantaneous development of images on a 

digital display allowing for the digital transfer and enhancement of images (applying filters, 

zoom, adjusting contrast, brightness). 

CR also usually requires up to 30% less dose than film. This can be explained by the 

fact that CR usually requires fewer retakes due to under or over exposure, resulting in a lower 

overall dose to the patient.[18] It also allows for image previews to be generated in less than 

10 seconds. The adjustment of image brightness and/or contrast allows for a wider range of 

thicknesses to be examined with a single exposure. The same cannot be said about 

conventional film based radiography, where a different exposure or multiple film speeds in 

one exposure are required in order to cover wide thickness range in a component. 

 

 

 

 

Figure 2 - First radiograph 
taken. In it, we can see the 
hand of Roentgen's wife. As 
he discovered, the unknown 

radiation at the time was 
able to pass through human 

tissue but unable to go 
through his wife's bone 

structure or metal wedding 
ring.[16] 
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 Databases 
 

The current definition found in the Merriam-Webster Dictionary tells us that a 

database is “a usually large collection of data organized especially for rapid search and 

retrieval (as by a computer)”[20].  Formally, a database consists not only on a collection of 

related data but also to the way it is organized. For any major business, data is an asset and 

the efficiency in how we input, retrieve and use such data directly affects our ability to faster 

achieve either success or failure. A proper database in fact alleviates the ancient need for a 

human to search through millions of filing cabinets for a single record. They have become the 

standardized and performance friendly way to store, retrieve and analyze data. Commodities 

we have taken for granted such as the Internet, GPS, Electronic Banking and much more, 

simply wouldn’t be possible without the existence of databases. 

The evolution of technology and tremendous advancements in the areas of computer 

processors, memory, storage and networks have led to improvements of massive magnitude 

Figure 4 - Feline Lateral Thorax view taken using CR at CVO 

Figure 3 - Canine Ventrodorsal (VD) or Dorsoventral 
(DV) view taken at CVO using CR (in small dog and cat 
thoracic radiographies the differences beween DV and 

VD are not well visualized[19] 
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in the capabilities, sizes and performance of databases and their respective database 

management systems (or DBMS for short). 

 

 DBMS 

 

A DBMS is a software package that allows the creation, definition and manipulation of 

databases, while also providing tools to perform any kind of operation on the data on them. 

Some of the basic functions that DBMSs offer their users include[21][22]:  

 

1. Persistent storage of large sets of data; 

2. Creation and schema definition of new databases (logical data structure); 

3. A command-line or graphical user interface that allows the user to access 

and/or modify the data. This can be achieved either with tools of the user 

interface or SQL language. SQL (Structured Query Language) is a special-

purpose programming language designed specifically for the management of 

data held in relational DBMSs It can also be used for database schema creation 

and modification;[23][24] 

4. A management system for transactions, responsible for multiple simultaneous 

access by several different processes. In database context a single logical 

operation on the data is called a transaction. However, a transaction might 

bundle several different operations. A good example of this is a transfer 

between two bank accounts. The whole action is considered a single 

transaction, however, several operations/steps occur (including debiting one 

account and crediting the other). A true transaction must adhere to the ACID 

properties in order to offer guarantees that avoid the end user of much of the 

headache of concurrent access to mutable database state.[25][26] ACID is an 

acronym that stands for: 

 

a. Atomicity – The concept that each transaction must be “all or nothing”: 

if any of the singular parts of a transaction fail, then the entire 

transaction fails. The database state remains the same. In order to be 
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considered an atomic system, atomicity needs to be guaranteed 

regardless of the situation, including power failures, crashes and errors. 

b. Consistency – Ensures that all transactions will lead the database from 

a valid state to another. It validates any data written to the database 

according to defined rules (constraints, data types, cascades, etc). 

c. Isolation – Property that guarantees that the concurrent execution of 

transactions results in a system state that would be exactly the same if 

the transactions were to be executed serially. With isolation, an 

incomplete transaction cannot affect another incomplete transaction.  

d. Durability – Once committed, a transaction will persist and will not be 

undone to accommodate conflicts with other operations. In relational 

databases, for example, when a group of SQL statements execute, the 

results have to be stored permanently even in the case of an immediate 

crash. To avert against unpredictable situations (such as a power loss) 

the transactions and their effects need to be recorded into a non-

volatile memory2 

 

 With technology evolving at such a rapid pace, 

obviously better and more complete DBMSs have come a 

long way since entering the market in the late 60’s. Many 

more functionalities have become a staple of modern 

DBMSs, including redundancy control, profile and data 

restriction functionalities (allowing for the definition of 

different roles/users, that are able to access part of the 

information stored) and allowing simple backup and restore 

solutions in case of hardware of software failures. Some 

examples of popular DBMSs are MySQL, PostgreSQL, 

Microsoft Access and Oracle DB. 

                                                      
2 Non-volatile memory is the name given to all computer memory that can store information 
after being power cycled (turned off and back on). Examples of this include magnetic hard-
drives, floppy and optical discs. An example of volatile memory is RAM (Random Access 
Memory) which loses all of its contents once the computer is shut down. 

Figure 5 - Access to data contained in a 
Database can be done directly using a 

DBMS or rather through a more 
personalised Database Application 
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 Databases in the Medical Practice 

 

Every year, over 98,000 Americans die due to medication errors alone. In order to 

address this, and many other issues, the healthcare industry is quickly adopting the use of 

databases to track everything from the prescription of medicine and laboratory results to 

patient outcomes.[27] However, medical practice involves innumerous healthcare 

professionals, patients, protocols and procedures, exams and treatments and each of them 

has to be registered, described and either has or generates its own information. As stated 

before, several gigabytes can be generated on a daily basis at a small imaging center alone. 

Picture Archiving and Communication Systems (PACS) are the preferred storage 

method for imaging data in the clinical practice.[28] PACS-like systems allow for the 

incorporation of both images from different medical imaging modalities and non-image data, 

such as the patients’ clinical information. Whenever a patient undergoes a medical imaging 

examination – say, an x-ray or a Computed Tomography (CT) scan – their newly generated 

imaging data can quickly be filed away in the PACS archive of the medical institution.  

In the past few decades, the advancements in the field of Bioinformatics have 

generated new approaches and tools for data storage and organization: remote database 

services for the storage of human biochemical data[29] and medical images[30] are now 

available. Although such online archives are particularly useful when dealing with large 

datasets – as is the case with medical images, which enclose massive amounts of information, 

encoded by and expressed as numerical values – they are mostly used for research purposes, 

and never as the default data archiving system in the clinical practice.  

Fortunately, Health Care professionals are now becoming more receptive to remote 

image storage methods,[31]  mainly because cloud-based archives stand as an economically 

feasible solution for the ever-expanding footprint of medical imaging data, as the number and 

information-density of these images keeps growing over time. Depending on the local server’s 

size and capacity, PACS-like systems entail installation, configuration, maintenance and 

technical support expenses, not to mention hardware updates every five years (as most local 

servers start to lose the ability to adapt to increasing workloads after approximately four 

years) and an average salary of $60,000 for a system administrator. An equivalent cloud 

storage solution would result in an average monthly saving of 79%.[32] 
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 As an example of this move to cloud based solutions we can talk about CUF. CUF is a 

vast and growing Portuguese network of private hospitals and clinical practices. It is very 

common to be exposed to publicity to their hospitals either with television or radio 

commercials and street or magazine advertisements. These add campaigns actually highlight 

the company’s data archives. All of the patient’s consults, exams and clinical history is stored 

and shared between all of their facilities. This obviously is a tremendous advantage in case a 

patient needs to be examined by a different doctor or a different facility. A mobile application 

is also made available to costumers where appointments can be made and exam results and 

other clinical information can be downloaded which can tremendously improve patient care 

and treatment, even if the patient seeks treatment somewhere else. 

 

 Relational Databases 

 

Relational databases are digital databases organized according to the relational model 

of data, proposed by E. F. Codd in 1970. They are maintained by special versions of DBMSs 

called relational DBMSs. Virtually all relational databases use SQL as the language for query 

building and database maintenance. The idea underneath relational databases is that each 

table is a set of sets (or rows). Within a single table all of these sets must have the same data 

structure, containing a list of named fields (or attributes) and their respective values. 

 

id Given_name Family_name Date_of_birth Grade 

1 John Ives 02/12/1989 3.96 

2 Steve Jones 10/11/1988 2.76 

… … … … … 

 

Table 2 - An example of the classic row-column approach to tables 

One might claim that a spreadsheet would achieve the same effect. However, the 

resemblance is only superficial. Database tables offer much less flexibility than spreadsheets 

since they require that all the rows within a table have to possess the same structure for their 

data and calculations generally take place outside of the tables, not within them. From this 

healthy obsession with neatly organized data comes the power of Databases. Even though 
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some applications can offer a view much like a spreadsheet grid of their tables allowing for a 

simpler way to edit their contents, in reality, data is being moved in and out of a table using 

SQL code, always respecting the rules defined in the table structure or schema like the one in 

Table 2. 

 

Field name Data type 

id integer 

Given_name string 

Family_name string 

Date_of_birth date 

Grade float 

 
Table 3 – A Schema specifying data types for each field in Table 1 

 
 Depending on the database further details to the schema can be specified such as size 

limits, minimum and maximum values and even whether the field can or not be left without 

a value. Even though some web applications might only require a single table, for more 

complex solutions, working within a single table is just too constraining. 

 If we look closely at the data in Table 1, there is a field called id that is unique to each 

row. This is called a primary key. A primary key is a field in a table that uniquely identifies each 

row in a database table. The primary key has to be unique to each field and therefore can be 

either sequentially generated or, in the example given, could be a unique identification card 

or social security number since we know that there is no possibility of having two records with 

the same identifier. By having unique identifiers within a table, we can establish connections 

between tables in a simple way: by simply referring to the other table row by including its 

primary key.  A field that identifies a row in another table is called a Foreign Key. An example 

is shown below. 
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Figure 6 - An example of how tables might be connected/related in a database. The Student_id and the Award_id fields are 
used to identify a row in another table, therefore we call these fields Foreign Keys. 

 
 This way of connecting tables avoids the insertion and storage of redundant data in 

the database. If we wanted, for example, to store all of the awards and students information 

in a single table, each student’s information would have to be inserted as many times as the 

awards he wins. These links also allow us to make simple questions such as: “Which 

Presenters gave awards to John Ives in 2014?” and obtain the answer “John Cusack”. A 

program is easily able to follow the Id’s and links between them to come up with answers to 

this type of questions. 

This example represents a very simple way of connecting tables within a database. 

More complex types of links can be established and sometimes even extra tables need to be 

created in order to represent links between two different tables, by storing the primary keys 

of each table in a new table as foreign keys. 

 

2.5.1 Development of a Relational Database 

 

The development of a Relational Database involves design, implementation and 

testing stages. It is a very complex and time consuming task that usually follows the process 

detailed (very briefly) below. 
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As with every software application, the first step is the requirements elicitation. These 

requirements should be as detailed and thorough as possible in order to assess the needs of 

the architecture of the database. This is followed by the creation of a conceptual data model 

reflecting the structure of the information to be held. This should be a concise description of 

the data requisites that the end users have made and include the type of entities, 

relationships and restrictions. This can be achieved by developing an entity-relationship 

model, often with the help of drawing tools/software (one example of this is the 

PowerDesigner Software suite). It is in this step that all errors and conflicts should be ironed 

out in order to guarantee the integrity of the relational diagram. Deep questions about the 

things of interest should be asked in this state, for example: “can a client have more than one 

animal?”, or “can a veterinary practitioner also be a client/animal owner?”. The answers to 

these questions will define the entities/tables, their attributes and the relationships between 

them. 

After choosing an appropriate DBMS, the conceptual model is transformed into a 

logical model or schema. The logical data model, unlike the conceptual data model is 

dependent on the DBMS chosen. During this stage, a methodical approach called 

normalization should be applied. It’s goal it to ensure that no information is recorded in more 

than one place, in order to maintain consistency after any insertions, updates or deletions. 

At the end, decisions affecting performance, scalability, recovery and such should be 

made. This is often referred to as physical database design. Physical data modeling is highly 

depended on the current state of technology and is most likely going to be quite outdated in 

few years’ time. By distinguishing between the conceptual and physical models, we can 

separate the more stable from the unstable parts of a design.[21][22][33] 

 

 

 

Requirements Elicitation
Entity-Relationship 

Model
Relational Schema Relational DBMS

Figure 7 - The Process of Conception of a DB. Adapted from [22] 
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Chapter 

3 |  Equipment Used and Data Collected 

 

 Data Selected to Populate Database 

 

By partnering with CVO, it was possible to better understand the Veterinary Medicine 

practices and usual consult routine. Since the aim was to create a database able to store both 

imaging and biochemical data, data was collected from dogs and cats that had been 

submitted to both computed radiographies and blood sample analyses. A brief description of 

the equipment used to acquire both types of exams can be found in the next section. 

 

3.1.1 Imaging Data 

 

The Computed Radiography equipment used at the clinic is the FCR Capsula X made 

by Fujifilm. As described in the theoretical background section, images are acquired using 

imaging plates (called FCR cassettes) that are then digitized used the FCR Capsula X and are 

able to be viewed and digitally enhanced by using the bundled software in the workstation 

(FCRView).  

 

 

 

 

 

 

 

 

 

 

Figure 8 - CR Cassette being introduced into the FCR Scanner in order to be 
digitized to the Workstation. 
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Even though the function was present in the software, DICOM files were unable to be 

extracted from the workstation. The only possibility to extract and store the imaging files was 

in jpeg file format. Attempts were made in order to contact the Fujifilm support staff but no 

answer was obtained regarding this situation. However, VetIDB was designed with the DICOM 

standard in mind and DICOM files can be uploaded and stored in the database and a DICOM 

viewer is included in the online platform and will be further discussed in the next chapter.  

 

3.1.2 Biochemical Data 

 

The Mindray BC-2800Vet is a compact and fully automated hematology analyzer 

used at CVO. The results of the blood sample analysis are printed for each patient through 

the use of a small integrated thermal printer. All of the results are then filed away in a folder 

and kept at the veterinary clinic. All of the data from the patient’s that had also performed 

imaging exams was organized, typed into digital format and then used to populate the 

database. Some of the parameters obtained included GLU-PS, TP-PS, ALB-BPS, GPT-PS, GOT-

PS, AMCYL-PS, BUN-PS, CRE-PS, Lymph#, Mon#, Gran#, Lymph%, Mon%, Gran% and Eos%.  

 

3.1.3 Additional Patient Information 

 

Patient information is stored using a software suite called QVET. QVET is an integral 

management software system for veterinary clinics[34]. It manages not only patient’s medical 

records but also the veterinary practice’s stocks, products and services. It is a very capable, 

functional and complete solution for veterinary practices. However, what we noticed during 

our time at the clinical practice is that information is not always completely registered at the 

animals’ clinical history. Since the imaging and biochemical data each have their own storage 

and organization methods, information is dispersed and isn’t always easy to relate and find. 

During the data collection process, several identification numbers didn’t match between 

QVET, the FCR workstation and with the hematology reports. Some imaging and biochemical 

data couldn’t even be associated to a patient in QVET (and therefore pertinent information 

such as the patient’s age, weight and diagnosis couldn’t be obtained). Some records had to 
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be manually completed by matching the dates between imaging exams and consults. Due to 

a hard drive failure, some patient’s records were also missing, which turned the data 

collection into an inefficient and time consuming matchmaking task. 
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Chapter 

4 |  Database Design & Implementation 

 Schema Creation and Methodology 

 

In order to define and implement VetIDB, several steps were followed, each of which 

will be detailed in a section of this chapter: 

1. Requirement Elicitation, aiming to define the functionalities and needs the 

platform should give a solution to. 

2. Definition of the Database Structure using a Conceptual Data Model consisting 

of an ER model. During the duration of the project, this diagram suffered 

several alterations, aiming to better reflect and answer the needs of the 

solution, always taking into account the logical associations between all the 

data handled. 

3. The choice of a RDBMS was made taking into account the type of data to be 

stored and the limitations of each type of DBMS. Several options were 

considered and the winning choice will be detailed and justified through the 

course of this chapter. 

4. A Physical Data Model was generated and used to create the Database 

Schema. 

It is important to know that VetIDB didn’t always set out to be the consult report tool 

that it ended up becoming. The first idea for VetIDB was simply an offline database to store 

and easily access both imaging and biochemical data of animals in order to facilitate the 

discovery of new biomarkers. After observing the consult routine, the amount of dispersed 

information and different storage systems at the clinic, we realized that time is a precious 

resource at a veterinary practice. In order to give veterinary practitioners the proper 

motivation to introduce an extra step in their current routine we had to give them something 

back. Hence the idea of turning VetIDB into an online consult report tool. Veterinary 

practitioners can use the platform as a constantly updatable and up-tp-date clinical history of 
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their patients with all of their information stored in a unified and single solution and, at the 

same time, researchers would have access to imaging and biochemical data and chose 

subjects that best fit into their research projects. 

 

 Requirement Elicitation 

 

Aiming to give a proper answer to the objectives stated at the beginning of the project, 

the Database should comply with the following elicitations: 

1. The data organization must be able to effortlessly link several different types 

and number of exams to a single patient and ensure that every exam belongs 

to one, and only one patient.  

2. Adding new fields to the main entities of the database should be possible and 

a relatively simple process. Medical information is mutable. Relevant data can 

be found everywhere and the database needs to be able to adapt and evolve 

to mirror this concept. 

3. Different types of users should have different types of access to the 

information. This serves not only to protect patient information but also to 

avoid the removal or editing of information by someone that does not have 

the privilege to do so 

4. Although adding information will be the main used function, editing and 

removal of information contained in the database must also be possible. 

5. Searches allowing users of the database to easily find patients or exams by age, 

sex, breed, diagnostic or report commentary must be possible. 

  

 Use Cases 

 

In this section, the use cases diagram for our platform following the UML (Unified 

Modeling Language) standard will be presented. These restrictions are implemented in the 

online platform that is used to access the database. 
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As can be seen in the Figure 9, 5 different actors (or roles) were defined. The roles of 

administrator, Veterinary Clinic Administrator, Veterinary Practitioner, Client/Owner and 

Researcher. All of them can create and update their personal profile while other 

functionalities are highly dependent on the role they are assigned. For example, a Researcher 

will be able to view anonymized data from patients included in the database, while the client 

will be able to fully view all information pertaining the animals associated to him. None of 

these two roles are authorized to make any alterations to the information regarding the 

animal’s information.   

A veterinary practitioner, a veterinary clinic administrator and the system 

administrator will all be able to identify a profile as a client/owner and associate the animals 

that belong to him. The system administrator will be able to identify a profile as a clinic 

administrator for a veterinary practice and both of them will be able to set profiles as 

Administrator

Veterinary Practicioner

Client/Owner

Veterinary Clinic 
Administrator

Researcher

Add/Edit/Remove/
View Animals

Add/Edit/Remove/
View Consults

View Own Animal and
 Respective Consult 

Data

Create/Update 
Personal Profile

Identify Profile as Clinic Administrator

Identify Profile as 
Owner/Client

View anonymized information of animals/
consults

Identify Profile as Veterinary 
Practicioner

Figure 9 - Use Cases Diagram for the DB. (Diagram Designed using the Sybase PowerDesign 15) 
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veterinary practitioners. Veterinary practitioners, and both types of administrators will also 

be able to add/edit/remove animal/consult data. 

 

 Conceptual Model 

 

The development of a conceptual model was done through the use of the Sybase 

PowerDesigner software. An ER model was established but due to its size and complexity the 

figure corresponding to the database schema is only included in the Appendix section of this 

work. 

We have a total of 84 fields stored in 13 different entities and the design process 

behind the choices made regarding the data organization and links between tables will be 

explained throughout this section. 

Each user of the Database will have an entry in the profiles table where all of the 

personal data and information will be stored. This is also where login information (e-mail and 

password) will be saved. Being an online application, passwords shouldn’t be stored in the 

database in plain text. A process called hashing is done to the user’s password, which means 

that what is actually stored in the password field in the profiles table is the result of a one-

way function to encrypt the user’s password. There is no “reverse” function to reverse or 

undo a hash, so it isn’t possible to simply use the hashed password and try to obtain the 

unencrypted password. 

We then have the entities Clients, Administrators, Clinic Administrators and Vets. Each 

profile can be associated to one (or more) roles. This association is made by entering the 

profile id into the respective table(s). There’s a “one-to-one” type of connection between the 

table profiles and each of these different entities, meaning that each Vet/Client/Clinic 

Administrator/Administrator must have one and only one profile. The reverse isn’t exactly 

the same since a profile might belong to a vet but it might also represent a client. This is the 

case where the Vet at one Clinic might be the Client at another clinic (for example). 

There are other rules of association between the Administrators table and the Clinic 

Administrators and Clinics. For example, Several Clinics can be run by several clinic 

administrators. This will have repercussions when the physical data model is generated since 

a new table will be created due to the type of connection in order to store the clinic 
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administrators responsible for which clinics. Clinics also have a relationship with vets. They 

are employers of the clinics and will store the primary key of the practice they work in as a 

foreign key in the vets table. A practice can have one or more vets, but a vet must always be 

associated to one and only one clinic. 

Between the animals and clients table, there is a “many-to-many” relationship, 

meaning that an animal can belong to one or more clients and a client can have one or more 

animals. This will also lead to a new table being generated in order to store the “owning” 

information, associating animals to their owners. 

Animals might need consults, therefore a “one-to-many” relationship links these two 

tables. An animal might need one or more consults, but a consult can only be linked to a single 

animal. It is in the consults table that the information subject to change over time is store. 

The animal’s weight, for example is something that doesn’t make sense to store in the 

animal’s table since it is constantly changing thorough the course of the patient’s life.  

The same “one-to-many” relationship is done between consults and each of the 

different type of exam. A consult might require one or more radiography exams or 

hemograms. But each exam has to be associated to one and only one consult. 

A radiography exam also has a link to the incidences table. During the time spent at 

the clinic, we noticed that during a radiography session, more than one incidences were taken 

(for example, a canine lateral thorax and canine lateral abdomen incidences could be 

performed during the same radiography session). Therefore, Between the Radiographies and 

Incidences table there is a “One-to-many” relationship. Meaning, a radiography can generate 

one or more incidences, but an incidence must belong to one and only one radiography. 

It is also important to note that, in order to better optimize the storage of imaging 

files, these shouldn’t be stored directly in the database. Rather, the file’s path in the file 

system should be stored in the database, and it should be loaded when necessary. 

 

 Physical Data Model 

 

The physical data model corresponds to a logical model where restrictions in the 

naming conventions and implementation are already taken into account considering the 

choice of RDBMS. It is, however, a very similar scheme to the conceptual model. We can see 
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that a few extra tables needed to store the information concerning the relationships between 

certain tables are added (for example between the animals and clients tables).  

The physical data model was once again generated using Sybase PowerDesigner, it is 

done automatically but, in the process, looks for inconsistencies and errors in the conceptual 

model design. The Physical Data Model generated can be viewed, once again, in the 

appendixes section of this work. 

 

 From the Physical Data Model to the actual Database 

 

After successfully obtaining the physical data model it is time to transform it into SQL 

code that will create the tables in the RDBMS system and apply the restrictions that will 

guarantee data integrity for the platform. 

The Sybase PowerDesigner software will also be able to generate the appropriate SQL 

code to our choice for RDMBS. In the case of VetIDB, we chose to use PostgreSQL. It is a very 

powerful cross-platform, yet open-source RDBMS that perfectly suits our needs for the 

platform envisioned. 

After running the SQL code in PgAdmin III (PostgreSQL’s graphical user interface 

administration tool) we can perform all sorts of operations on the database (Figure 10). It is 

important to note, however, that all use cases and restrictions are yet to be applied since that 

will be managed by the online platform that we developed to access the database. 
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Figure 10 - Using PGAdmin III in order to access the Database. All of the tables are created and some data has been used in 
order to populate it. In this window we can view a small extract of the animal's table. 
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Chapter 

5 |  Choice of Technologies 

 

 PostgreSQL as our RDBMS 

 

PostgreSQL is a powerful, multi-platform and open source relational database system. 

It has been in active development for over 15 years and it has a proven architecture known 

for its reliability, data integrity and correctness.[35] Some of its appealing features include the 

unlimited database size and enormous size per table (32TB of data). In our application we will 

not be storing imaging data directly in the database, but as stated previously, a lot of data is 

generated due to medical practice. The fact that it is an open-source solution also helps to 

narrow licensing costs down and since it is multiplatform and can run virtually in any host, 

expenses with hosting can be quite lower (specifically when compared, for example, to 

Microsoft’s SQL server, that only runs on windows machines, which implies extra expenses 

on the server side). It is also ACID compliant in all of its transactions. The importance of this 

was explained in the Theoretical Background (Chapter 2). 

While there are other popular (and even open-source) options in the market such as 

MySQL, for example, it also comes down to a little bit of personal taste. Both have their own 

advantages and limitations. For example, MySQL won’t validate the size of a VARCHAR field 

and will often just truncate it (eliminate part of the data). PostgreSQL, on the other hand, will 

not allow data to be inserted if it is too long. MySQL used to be regarded as the fastest 

between the two and PostgreSQL as the richest in functionalities and reliability. However, 

recent comparisons have stated that both companies have made tremendous improvements 

and are, in fact, approaching each other both in features and in speed. 
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 CakePHP as a Development Framework 

 

CakePHP is an open-source web development framework that follows the MVC 

approach and is written in PHP. It follows well-known software engineering concepts and 

software design patterns such as convention over configuration and association data 

mapping.[35] 

MVC is a software architectural pattern 

originally used in the development of user 

interfaces on computers. Major programming 

languages have adapted the MVC as an 

architecture for Web Applications.  

As can be understood by its name, the MVC 

is build up by three main components: 

1. Model – The model is the part of the 

application responsible for 

managing the data of the 

application. It represents the 

business logic of the application and 

is responsible for retrieving and converting data. It is responsible for 

processing, validating, associating and other tasks related to the handling of 

data. 

2. View – Views render a presentation of the data in a particular format triggered 

by the controller’s decision to present the data, in our specific case, the View 

is an HTML page. 

3. Controller – Part of the application responsible for handling user 

input/requests and perform the interactions with the data model objects. It 

receives an input, validates it and then performs the operation that ends up 

modifying the state of the data model. 

CakePHP follows a very strict set of naming conventions (reflected in the database’s 

entities and field names) that make the beggining process of building a web application more 

of a preparation than coding job (hence the use of convention over configuration). By 

Figure 11 - Typical Collaboration of the MVC 
Components. Adapted from [36] 
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following the conventions set by CakePHP, we can use their scaffolding tools which will set 

up the very basic components needed to access and manipulate data from a given Database. 

The conventions set by CakePHP for database naming are the following[37]: 

1. Table class names are plural and CamelCased. Animals, ClinicalAdministrators, 

PathologicalAnatomies are all examples of conventional model names; 

2. English words are to be used in the naming of table and column names, this is 

used in order for CakePHP to process the right inflections (from singular to 

plural and vice-versa) CakePHP also supports the adition of other languages 

rules for some words by using a special utility case called Inflector, however 

that wasn’t exactly necessary for the purposes of our application since English 

works just fine; 

3. Field names with two or more words are underscored: first_name, last_name. 

4. Foreign keys in hasMAny, belongsTo or hasOne relationships between tables 

are recognized as the name of the related table, followed by id. So Animals 

hasMany Consults, the Consults table will refer to the Animals table via a 

Animals_id foreign key; 

5. Join tables, used in BelongsToMany relationships between models should be 

named after the model tables they will join (Animals_Clients); 

 

 CakePHP setup and Database Connection 

 

Setting up a new CakePHP project is a relatively simple task as long as all the 

requirements are met. These include a web server and a copy of CakePHP’s folder 

structure.[38] The simplest method of obtaining the latest version is through a tool for PHP 

dependency management called Composer.[39] This project will make use of several pre-

existing plugins to assist in functions such as searches and file upload/management. 

Composer makes integrating these libraries easier and assures that when it is time to deploy 

the project to a server, all dependencies are met. 

For development and testing purposes, an Apache Server with PHP v.5.6.23 was 

installed on a personal computer. Both the database and online platform are hosted in the 

same machine. This is by no means a limitation on the final version. CakePHP allows for a very 
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smooth and simple setup to remote database hosts and will not require much effort when it 

is time to deploy the application into a remote server location. 

CakePHP supports the following relational database servers: 

1. MySQL 5.1+ 

2. SQLite 3 

3. PostgreSQL 8+ 

4. SQLServer 2008+ 

5. Oracle (through a community plugin) 

As mentioned in the previous chapter, VetIDB was creating using PostgreSQL as its 

RDBMS. Connecting to the (in this case local) database is done by editing the values in the 

Datasources.default array in the config/app.php file with the ones that match our setup. 

These include the username and password to access the RDBMS, host, database name and 

the driver matching the RDBMS we’re using. 

By following the conventions set by CakePHP, we can have a (simplistic) version of the 

platform up and running in very little time. This is done using the bake console. The bake 

console will generate the controllers, models, views that match our database’s tables. After 

this step we have a very basic, albeit functional application that provides data access to our 

database. 
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Chapter 

6 |  The Platform 

 

 User Authentication 

 

Authentication in CakePHP is handled via the AuthComponent. It allows for the 

combination of authentication and authorization objects in order to create flexible ways to 

handle user authorization. 

In our application, authentication is done using e-mail and password as credentials. 

Passwords are not, however, stored as plain text in the database as that would imply serious 

security flaws. Instead, the AuthComponent provides tools for password hashing. When a 

Profile is created, the password chosen is hashed and then stored in the database. 

 

In order to use the information stored in the Profiles table as login credentials, 

methods for login and logout had to be created in the ProfilesController file. A login screen 

(or view) was also programmatically created in order to provide the user a friendly screen 

where authentication could be performed. The information inserted by the user is compared 

against the credentials stored in the database and upon successful authentication, users are 

(by default) redirected to their personal profile screen. If, however, the information inserted 

does not match any profile in the database, an error message is shown indicating the 

username or password inserted are incorrect (Figure 13). 

Figure 12 - A view of the data in the Profiles Table using PGAdmin 3, PostgreSQL GUI for accessing data in databases. 
Passwords are hashed before being stored in the database as a security precaution. 
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 A new profile can also be created from the welcome screen in order to access the 

database. By default, this profile will not be associated to any of the user types contained in 

tables of the database (Administrators, Clinic Administrators, Vets, Clients) and will, 

therefore, be classified simply as a researcher profile. 

 

 
Figure 14 - Create new Profile screen. By default, accessible by anyone who does not posess credentials to log into VetIDB. 

Figure 13 - Authentication unsuccessfull. Credentials that were inserted by the user didn't match any profile in the 
database. 
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 Layout Presentation and Menu Functionality 

 

 After a successful login, users are redirected to their personal profile page. From it, 

users can access a variety of options accessible through two different menu systems. 

 In Figure 13 we can observe both navigation systems implemented in the platform. 

The top navigation bar allows for quick access to the index pages of each of the main entities 

in our database. Consults, Animals, Profiles, X-Rays, Biochemistry, a link to the Simatix 

website and a Logout button that shows the name of the currently logged-in user. This top 

menu remains the same in every single page of the platform, for every type of user. Time 

constraints have limited the personalization of every screen functionality for every type of 

user and, therefore, when a logged-in user tries to access a functionality that isn’t allowed for 

their role, a warning message is displayed in the top bar warning the user that he isn’t 

authorized to access a certain location. The sidebar options change depending on the current 

section the user is in. Therefore, for example, while browsing the Animal’s List, instead of 

Sidebar 

Top Menu Navigation Bar 

Figure 15 - The two menu systems present in the application. 
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functionality concerning Profiles, the sidebar will display options to add a new animal, add a 

new client or perform a new consult.  

  

  Defining Roles & Data Relationships 

 

Every single user of the database will have a profile. However, profiles can belong to 

users with different types of roles and privileges. In our Database model we handle this 

differentiation through the use of different tables for each user role (except for the role of 

researchers, but that will be explained later). By adding the profile ID as a foreign key to the 

clients, administrators, clinic administrators or vets tables, we are identifying that profile as 

one of those roles. That doesn’t exactly mean that one profile cannot be identified as more 

than one role (a clinic administrator might also perform consults at their clinic and, therefore, 

needs to be identifies as a veterinary practitioner too since the entries in the consults table 

require the id of the veterinary that performs a consult as a foreign key. 

 System Administrators are able to create new clinics, and new clinic administrators, 

creating the adequate associations between them. Clinic Administrators can identify profiles 

as veterinary practitioners and associate them to their clinics. Both types of administrator and 

veterinary practitioners are able to identify a profile as a client at a veterinary clinic. As a client 

can have multiple animals, these relationships can also be established when making the 

association between a profile and a client. 

 By establishing these associations between animals, clients, profiles and by accessing 

the information of one of these elements, the connected information can quickly be obtained 

without big effort, this simple flow of information can be seen in the next figure (All the data 

contained in these pictures is mock data. It is made up for the purposes of this work and does 

not consist of any data collected at CVO, only the medical images used in this theses were 

collected at the clinic, however, patient’s names have been altered and client associations 

also do not correspond to reality). 
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Figure 16 - The Power of Relational Databases: From a single client screen we can view the related animals to a particular 
client, the clients profile and even access the animal's patient history by exploring the correct relationships between the 

different tables. 
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 Animal Data, Consults and Exams 

 
The main purpose of VetIDB is to provide an online platform where data collected 

from the veterinary medicine practice can serve as a pool of data for veterinary research. This 

is why building a reliable and as complete as possible clinical history of each patient was of 

the utmost importance in the planning stages. By using relational databases, we have proven 

that related information can easily and quickly be displayed. The same attention was taken 

into account when dealing with consultation records and exams performed at the veterinary 

practices. 

When a new patient comes into the clinic, an animal profile is created for him, 

registering all the information that isn’t time dependent. 

Associations to client profiles can be made in this step using the client’s id or can be 

made later through the client page. This type of relationship isn’t mandatory since there are 

times when animals are treated without having been brought in by any clients. 

With each visit to the clinic, a new consult object is created where variables such as the 

animal’s current weight, heart rate analysis and temperature are measured and registered. 

Figure 17 - Adding a new animal. Time independent information such as the Date of Birth, name, species, race and sex is 
registered upon arrival at the clinic. 
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Figure 18 - Every consult can connect via a single click to the Veterinary Practicioner's information and other consults. It is 
also possible to quickly access the animal's file and complete history of consults. 



 40 

6.4.1 Registering and Storing Exams 

 

Just like in human medicine, in veterinary medicine sometimes exams need to be 

performed in order to facilitate diagnostic. As stated previously, VetIDB aims to be a platform 

able to store both imaging and biochemical data in order to provide accurate and 

reproducible data for both Veterinary Research and animal studies in the field of Human 

Medicine. The way exam results are stored into the database is through the association to a 

consult. The consult itself is associated to one and only one animal, making it easy to establish 

links between animals, consults and exams. 

Taking for example a CR exam. When a patient comes to the clinic for a consult and a 

CR exam is performed, a new Radiography exam is associated to the consult id. Each exam 

might require one or more incidences. The individual patient’s clinical history will connect to 

every single consult he ever attended along with an individual report from each visit to the 

clinical practice. Each consult will also be associated with all of the different exams performed 

on that consult. If we look at the last screen on Figure 18, we can observe that there is an 

option to view the details of Rex’s consult (consult id number 9). 

 

Figure 19 - Consult with ID 9. A radiography exam was performed during Rex's visit to the clinic. 
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 Each different image acquired during the radiography exam is called an incidence. A 

radiography session can include several of these. In Rex’s case, however, only one incidence 

was taken. 

 

 

 

 

 

 

 

 
 

Figure 20 - Going from the first screen to the last, from the radiography exam taken at Rex's Consult, we know that a single 
CANINE LATERAL THORAX incidence was taken. The Last screen is the image being viewed directly in the browser using a 

DICOM web viewer. 
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It is important to note that the image itself isn’t stored in the database. That 

would have serious implications in performance. As of this moment, the images are 

being stored in the webroot folder of the web application which isn’t the ideal solution 

either. However, the upload plugin used in the manipulation of the image files is 

flexible enough to allow for future modifications to the file storage solution allowing 

even simple integrations with Dropbox and other popular cloud storage solutions or 

more traditional alternatives. Storing images in the local filesystem of the server limits 

the ability to scale the application beyond that unique server. An ideal solution would 

be to store the images on a solution such as Amazon S3 (Amazon Simple Storage 

Service)3 and configure it as a CDN4. 

Several plugins with numerous functions were included in the project during 

development. Search plugins such as the FriendsOfCake Search Plugin made searching 

and filtering index tables a little bit easier allowing for case-insensitive searches and 

filters to be applied in the animals, consults and radiography tables. This is especially 

an area where CakePHP faults and offers very little functionality. File upload is also 

handled via a 3rd party plugin (josegonzales’s cakephp-upload) which made file upload 

and path storage in the database a slightly more manageable endeavor. And finally 

the DICOM Web Viewer. An HTML5 and Javascript open source tool for medical image 

visualization. Using these technologies we can ensure that The imaging files stored in 

the database can be viewed in virtually any platform that provides a modern browser. 

 

 

 

 

 

                                                      
3 Amazon S3 is a cloud storage service designed to make web-scale computing easier. It has a 
simple web services interface that can be used to store and retrieve any amount of data. It 
offers a free tier that would most likely not be enough for the uses of our application but it is 
competitively priced when compared to other solutions. 
4 A CDN is a globally distributed network of proxy servers deployed in multiple data centers 
with the goal of serving content to end-users with high availability and high performance 
serving a large fraction of the internet’s content such as live streaming media, graphics, scripts 
and downloadable objects. 
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Figure 21 - Filters/Searches can be made in the Animals/Consults and Radiographies Indexes by the most important fields 
such as race, species, name, keywords found in report, etc 
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Chapter 

7 |  Conclusions/Future Work 

 
VetIDB, a cloud-based integrated database for animal patients’ demographic, 

biochemical and imaging data, is not only a useful tool for Veterinary practitioners to track 

their patients’ clinical evolution, but also a framework that promotes further advancements 

in Animal Research, namely the development of new biomarkers. 

The exclusive use of simple open source plugins, tools, frameworks and RDBMS was a 

design choice taken from the very start in order to build the most affordable solution possible 

for cloud storage in veterinary medicine. All software used in the development of this 

platform (excluding Sybase’s PowerDesigner, whose trial period was used in the beginning of 

the project for the database design and conception) was handpicked for their capacity of 

matching (and sometimes even surpassing) other paid-for solutions. The main goal was to 

build an affordable platform that could be used as an animal’s consult report tool whose data 

could be harnessed in order to further advance both veterinary and human medicine and 

research. 

A lot of work still needs to be conducted in order to turn this into a viable business 

solution, some of it includes: 

1. Improvements on the Design and Responsiveness of the Platform: Although it 

might be considered as mobile friendly, some components still overlap on each 

other when viewed on smaller screens and some design work needs to be 

conducted in order to achieve the status of a true mobile platform; 

2. A more permanent and reliable solution for the file storage: Medical Imaging 

files are quite sizeable by themselves and a platform with the ambitions of 

VetIDB needs a more reliable and secure solution. Storing the exams in the 

Server’s Filesystem might be a temporary fix but it has severe implications in 

the scalability of the platform; 

3. Better Filtering and Search Tools: Due to time constraints the search tools and 

options available at the moment, albeit functional and useful still do not meet 

the requirements elicitation at the beginning of the project. It is possible to 
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search through animals, imaging exams and consults, although the possibility 

to apply filters across multiple tables wasn’t implemented. This means that, 

while it is possible to search for animals or exams meeting certain criteria, it 

isn’t possible to cross-filter them automatically according to certain animal 

characteristics, diagnostics or exam types. That is a job that, at the moment, 

still has to be done “semi-manually”. It is, however important to note the 

incredible effort that went into linking all information together and 

guaranteeing easy access to all the related information; 

4. Data mining is the computational process of discovering patterns in large data 

sets involving methods that intersect technologies such as artificial 

intelligence, machine learning, statistics and database systems. With time, 

effort and a lot of added functionality, VetIDB could very well become a big 

contribution in this field for veterinary research. 
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