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ABSTRACT 

terine Fibroids are non-

cancerous gentle growths of 

smooth muscle cells in the wall 

of the uterus, for which there are several 

possible treatment options. This paper 

considers various symptoms of uterine 

fibroid, some of the symptoms include, 

heavy bleeding, frequent urination, among 

others. Patients and Physicians generally 

approach the decision support process 

based on a combination of Patient’s 

symptoms and physician practice patterns. 

In this paper a thorough examination of 

case based reasoning System; applying 

both Inductive Indexing and Nearest 

Neighbour Retrieval mechanism as a 

decision support tool to facilitate more 

systematic Fibroid detection was done. A 

Case based Reasoning System constructed 

from C- sharp (C#) programming 
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Introduction: 
Uterine fibroids are kind 

growths of smooth muscle 

cells and fibrous tissue in 

the wall of the uterus. 

Approximately 40% to 50% 

of women of reproductive 

age are affected by uterine 

fibroids. The term fibroid 

was coined and introduced 

by, (Rokitansky, 1860) and 

(Klob, 1863). A German 

pathologist demonstrated 

that these neoplasm’s 

(fibroids) were composed 

from smooth muscle cells. 

Uterine fibroids are the 

most common non-

cancerous tumour in 

women of child bearing age.  

Most fibroids are 
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Language helped Patients to make this decision by exploring previous 

cases stored in the data base and reaching a conclusion in a very short time. 

Case based Reasoning system for Fibroid detection can ease the work of 

clinical Doctors in helping Patients in determining if a symptom is fibroid 

related or not within a shortest possible time.  

 

Keywords:  Fibroid, Uterus, Asymptomatic, Myomectomy, Hysterectomy, 

Pedunculated,  

 

symptomatic or cause very minor symptoms, however, 1 in 4 

women will develop symptoms severe enough to affect their 

quality of life and require treatment, (Nilo  & Edmund , 2007). 

The macroscopic appearance of fibroids is one of a firm round outline with 

a surrounding false capsule of compressed muscle fibers. The cut surface 

has a white whorled appearance. Fibroids have a rich vascular supply, 

consisting of ‘blood lakes’ within the tumour. Mayer-Rokinstansky-Kuster-

Hauser (MRKH) syndrome is a rare disorder characterized by aplasia or 

hypoplasia of the uterus and vagina due to arrest in the development of the 

mullerian ducts. Study also show that in every rarer instances, a fibroid can 

develop in patients with a congenitally absent of uterus with MRKH 

syndrome and unilateral renal agenesis (Thelina, Laid, Yi & Fem 2017).   

Over 50%of these women report symptoms that affect their quality of life. 

Some of the symptoms include 

i.  heavy bleeding,  

ii. anaemia,  

iii. pelvic pain,  

iv. pelvic pressure,  

v. urinary problems,  

vi. pain during intercourse,  

vii. bleeding between periods, and 

 

 Infertility among others (Subramanian, Vijayananthan Omar, Nawawi, & 

Abdullah, 2010; Watson, 2003).  

a 
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Although patients may experience these symptoms during their 15s, 

women usually do not manifest severe symptoms until their late 30s to 40s. 

Knowing the types of fibroids and the associated symptom is important in 

deciding the type of fibroid treatment that will be the best option for the 

patient. Among the various types of fibroid tumors are submucosal (fibroid 

that develop under the lining of the uterus), intramural (fibroid that 

develop within the lining of the uterus and expands inward), subserosal 

(fibroids that develops under the outside covering of the uterus and 

expand outward through the wall), Pedunculated (fibroids that develop on 

a stalk/stem-like structure attached to the inside or outside of the uterus). 

A case-based reasoning (CBR) system generally refers to a computer 

programmed system that identifies a solution to a current problem by 

examining the descriptions of similar, previously encountered problems 

and their associated solutions. Matching the current problem with one or 

more similar previously encountered problems and using the associated 

solutions of the matching previously encountered problems to suggest a 

solution to the current problem. If a new solution (not previously stored in 

the case database) is subsequently validated, the validated solution can be 

stored into the case database and utilized to solve future problems. CBR 

systems base their intelligence and inference on known cases rather than 

on rules. There are two kinds of CBR systems: problem-solving systems 

and interpretive systems.  

i. A problem-solving system focuses on the construction of 

solutions suited to the new case by modifying previous case 

solutions.   

ii. An interpretive system evaluates and justifies new cases based 

on the similarities or differences with the previous cases.  

 

However, creativity is required to solve new problems. To solve new 

problems, a creative case-based reasoning system explores creative 

solutions by adopting solutions that were used to solve old problems as a 

starting point (Zhiqiang, Hung-Yao, & Sev 2010).   

http://www.ask4ufe.com/whatAreFibroids/types.cfm
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The main steps in the reasoning process are to retrieve, to reuse, to revise 

and to retain.  

a. Retrieve: The Retrieve task starts with a (partial) problem 

description and ends when a best matching previous case has 

been found. This matching process is directed by the task to 

perform. Its subtasks are referred to as Identify Features, Initially 

Match, Search, and Select, executed in that order. The 

identification task basically comes up with a set of relevant 

problem descriptors; the goal of the matching task is to return a 

set of cases that are sufficiently similar to the new case. 

b. Reuse: This step is very dependent on the task performed. In 

problem-solving, it is an adaptation of the most similar case 

solution to fit the new case. In other tasks, such as interpretation, 

it can be the construction of an argumentation linking the new 

case with the retrieved cases. The reuse of the retrieved case 

solution in the context of the new case focuses on two aspects: 

(a) the differences among the past and the current case, and (b) 

what part of a retrieved case can be transferred to the new case.  

c. Revise: Depending on the success or failure of the new case 

processing, the reused case is revised and transformed into an 

updated case, now ready to be stored in the memory. When a case 

solution generated by the reuse phase is not correct, an 

opportunity for learning from failure arises. This phase consists 

of two tasks: (1) evaluate the case solution generated by reuse. If 

successful, learning from the success, (2) otherwise repair the 

case solution using domain-specific knowledge.  

d. Retain: This is the process of incorporating what is useful to 

retain from the new problem solving episode into the existing 

knowledge. Case retention not only directly relates to the 

difficulty of the case base maintenance, but also affects the 

reasoning efficiency and correctness of the CBR system (Ping, 

Wei-Da & Jin-Hui, 2012). Learning from success or failure of the 

proposed solution is triggered by the outcome of the evaluation 
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and possible repair. It involves selection which information from 

the case to retain, in what form to retain it, how to index the case 

for later retrieval from similar problems, and how to integrate 

the new case in the memory structure. The algorithm performing 

this can be given as; Insert (Trend, Case) (Bichindaritz & Conlon, 

1996). 

 

OBJECTIVES OF THE STUDY 

The objective of this paper is to develop a case base reasoning system that 

will assist the clinical Doctors in providing help to their patients take the 

best fibroid treatment decision. The main objectives include; 

i. develop a data base that contains cases of known outcome. 

ii. develop a model to define when the test case matches a case in the 

database. 

iii. design a translatable quantitative encoding for cases 

 

MATERIALS AND METHODS 

Procedure and Methods 

The case-based reasoning system functions as a database query of Fibroid 

cases with known symptoms. When a new case (called a “test case”) is 

considered for decision, the case-based reasoning system will match the 

test case to the entire database. The case-based reasoning system returns 

the values of cases that match. This value serves as an indicator for 

detection. 

The input to the system is diagnosis result, items from the patients’ medical 

history and patient’s choices (see figure 1 below). The output is formed 

from the known outcome of confirmed cases and symptoms stored in the 

data base. The database consists of a set of medical history, set of patient’s 

choices, and a set of diagnostic results. The key point of the system is the 

set of rules defining a match between the test case and the known cases in 

the database. The critical match criterion would be that all findings match 

exactly. Cases are matched if they are “close” in some sense.  
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Fig.1: Patient Query format 

 

Figure 1 above shows the questions presented to the user by the system, 

the level of priority attached to each feature, and the calibration of choices. 

Priority of each feature varies from one treatment decision to another. The 

following are the features of the cases and their associated value 

calibration.  

Age: 0 = <20. 1 = 20-25, 2 = 26-30, 3 = 31-40, 4 = 36-40, 5 = 41-45, 6 = 

46-47, 7 = 48, 8 = 49, 9 = 50, 10 = >50. 

Parity Group: 0 = No child, 1.0 = 1 or more children 

Diagnostic Test: 0= no test, 0.1-0.9= one or more of the tests, 1.0= all the 

required tests (pelvic examination, ultrasound, magnetic resonance 

imaging (MRI), X-ray, Endometrial biopsy, Complete blood count (CBC), 

Transvaginal Ultrasound, Hysterosalpingography, Hysteroscopy, ) 

Pain and Bleeding Duration: 0= not bothered/ no symptoms, 0.1-0.9 = 

bothersome, 1.0= extremely bothersome 

Metal Implant: 0 = no, 1= yes. 
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Allergic to Iodine: 0= no, 1= yes. 

Obesity: 0=no, 1= yes 

Pelvic Cancer: 0= no, 1= yes. 

Size of Myoma: 0= very small, 0.1-0.9=large, 1.0= very large 

Location of Myoma: 0=none, 0.1= submucosal, 0.2=Intramural, 0.3= 

subserosal, 0.4= subserosal & submucosal, 0.5 =subserosal & intramural, 

0.6= submucosal & Intramural, 0.7= Subserosal, Submucosal & 

Intramural, 0.8= Pedunculated, 0.9= Pedunculated & Intramural, 1.0= 

Pedunculated, Subserosal, Submucosal & intramural. 

Desire to maintain uterus: 0= no desire, <0.9=Desire, >= 0.9= strongly 

desire 

Desire to have Baby: 0= no desire, <0.9=Desire, >= 0.9= strongly desire 

Myomectomy previously performed: 0= no, 1= yes. 

UFE previously Performed: 0=No, 1= Yes. 

 

Cases 

For the work reported here, an existing set of 90 cases were used. To avoid 

problem of Missing value, cases with incomplete features were not stored 

in the data base. The cases were arranged in order of treatment option for 

easier retrieval. Weights are assigned to each feature. The weights are 

determined by an expert based on the importance of each feature to each 

treatment option.  

 

Input Findings 

The input features were selected from 6 findings from patient’s medical 

history, 2 findings from diagnostic test, and 3 from patient’s personal 

choices. The 11 features included pain/heavy bleeding duration, metal 

implant, allergic to iodine, pelvic cancer, size of fibroid, location of fibroid, 

obesity, desire to maintain uterus, desire to have children, previous 

treatment undergone.  

Given a test case, a database, and a matching rule, the case-based reasoning 

algorithm is straightforward. From all cases in the database, those that 
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match the test case are selected, and then the similarity fraction is 

computed. 

 

Case Indexing 

In formal case-based reasoning, case indexing refers to techniques that 

allow rapid identification and retrieval of similar cases (Watson, 1997). 

For this problem, Inductive Indexing is used to retrieve a set of matching 

cases  

 

Matching Rules 

The most important component of this system is the rule to decide whether 

a new case is similar to a case in the database. The following rule is 

considered: 

i. Accept all cases.  

ii. The next logical matching rule is that the Pain& heavy bleeding 

Duration be matched:  A value >=0.9 is regarded as a  severe 

situation, while between 0.1 to 0.8 is bothersome and requires 

attention. A 0 match however gives no symptom for concern. 

iii.  Next, a match for the patient’s medical history is made: pelvic 

cancer, metal implant, allergic to iodine. 

iv.  Next, the size & location of the myoma is considered. 

v. Next to be considered is if the patient is obese. 

vi. Then, patient’s decision is considered: desire to maintain uterus, 

desire to have children,  

vii.  Next, a treatment formerly undertaken is considered.  

viii. Then all findings are considered.  

 

Applying both Inductive Indexing and Nearest Neighbor Technique in Case 

Retrieval Phase 

To retrieve a set of matching cases, inductive indexing is used, and then 

nearest neighbor is used to rank the cases in the set according to the 

similarity to the target case. The system perform both Local and Global 

similarity measure.  
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Local similarity measure finds the similarity between each feature of the 

new case and existing cases. The computation of the global similarity is 

based on the local similarity values computed previously and the attribute 

weights. The system perform the global similarity measure for case into a 

set of independent local similarity measures, for each attribute, 

𝑠𝑖𝑚(𝑓𝑖
𝑁 , 𝑓𝑖

𝑅) =
∑ (𝑓𝑖

𝑁∗𝑓𝑖
𝑅)𝑛

𝑖=1

∑ √𝑓𝑖2
𝑁∗𝑛

𝑖=1 ∑ √𝑓𝑖2
𝑅𝑛

𝑖

      (1) 

 

By using a weighted sum as incorporation function the similarity between 

two features (𝑓𝑖
𝑁 , 𝑓𝑖

𝑅) of case may be computed using the evaluation 

function, (Kolodner, 1993), which ranks the cases in the set according to 

the similarity to the target case based on weight features as follows;  

𝑆𝑖𝑚𝑖𝑙𝑎𝑟𝑖𝑡𝑦(𝐶𝑎𝑠𝑒𝑁 , 𝐶𝑎𝑠𝑒𝑅) =  
∑ 𝑤𝑖∗𝑠𝑖𝑚(𝑓𝑖

𝑁,𝑓𝑖
𝑅)𝑛

𝑖=1

∑ 𝑤𝑖
𝑛
𝑖=1

   (2) 

𝑤𝑖

= 𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑡 𝑙𝑒𝑣𝑒𝑙𝑠 𝑜𝑓 𝑖𝑚𝑝𝑜𝑟𝑡𝑎𝑛𝑐𝑒 𝑎𝑡𝑡𝑎𝑐ℎ𝑒𝑑 𝑡𝑜 𝑒𝑎𝑐ℎ 𝑓𝑒𝑎𝑡𝑢𝑟𝑒(𝑤𝑒𝑖𝑔ℎ𝑡𝑠) 

 𝑓𝑖
𝑅 =  𝑣𝑎𝑙𝑢𝑒𝑠 𝑜𝑓 𝑓𝑒𝑎𝑡𝑢𝑟𝑒𝑠 𝑜𝑓 𝑟𝑒𝑡𝑟𝑖𝑒𝑣𝑒𝑑 𝑐𝑎𝑠𝑒𝑠 

 𝑓𝑖
𝑁 = 𝑣𝑎𝑙𝑢𝑒 𝑜𝑓 𝑓𝑒𝑎𝑡𝑢𝑟𝑒𝑠 𝑜𝑓 𝑛𝑒𝑤 𝑐𝑎𝑠𝑒 

 𝑁 = 𝑛𝑒𝑤 𝑐𝑎𝑠𝑒 

 𝑅 = 𝑟𝑒𝑡𝑟𝑖𝑒𝑣𝑒𝑑 𝑐𝑎𝑠𝑒 

 𝑖 = 𝑓𝑒𝑎𝑡𝑢𝑟𝑒 𝑛𝑢𝑚𝑏𝑒𝑟 𝑓𝑟𝑜𝑚 1 − 𝑛 

 𝑖2 = 𝑡𝑜𝑡𝑎𝑙 𝑣𝑎𝑙𝑢𝑒 𝑎𝑙𝑙 𝑓𝑒𝑎𝑡𝑢𝑟𝑒𝑠 𝑜𝑓 𝑎 𝑐𝑎𝑠𝑒 

 

Nearest Neighbor retrieval computes the similarity between stored cases 

and new input case based on weight feature. A typical evaluation function 

is used to compute Nearest Neighbor matching (Kolodner, 1993) as shown 

in equation (2).  The Inductive retrieval Algorithm determines which 

feature does the best job in discriminating cases and generates a decision 

tree type structure to organize the cases in memory. Both algorithms are 

combined for efficient performance. Since Nearest Neighbor is slow in 

retrieving when the case base is large, Inductive Indexing has a fast 

retrieval speed. The difference between Inductive approach and statistical 

approach is that in inductive learning approach, different assumptions and 
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algorithms are used to generate knowledge structure. This approach also 

composes global similarity measure with set of local similarity measure.  

 

System Algorithm 

Step 1: Accept all feature values  

Step2: Compute the local similarity (that is, each feature of the new case 

and existing case features) using the mean equation (1) 

Step 3: Compute the global similarity (similarity between existing case and 

new case) equation (2) 

Step4:  Sort the similarity values in ascending order sort (𝑠𝑖𝑚(𝑓𝑖
𝑁 , 𝑓𝑖

𝑅)) 

Step 5: The most similar case is retrieved on the basic of domain specific 

knowledge concept. 

 

Table 1: MODEL ASSUMPTIONS/ CONDITION FOR EACH TREATMENT 

UTERINE FIBROID 

EMBOLIZATION 

(UFE) 

MYOMECTOMY HYSTERECTOMY 

1.Pain& Heavy 

bleeding 

Duration…<0.9 

1. Pain & heavy 

bleeding 

duration…<0.9 

1.  Pain &heavy 

bleeding 

duration…>=0.9 

2. Pelvic cancer…0 2.pelvic cancer…0 2.pelvic cancer…1 

3. Mental implant…0 3.metal implant…1 3.metal implant…1 

4. Allergic to iodine…0 4. Allergic to iodine…1 4. Allergic to iodine…1 

5. Size of 

myoma…<=1 

5.size of myoma…<0.9 5.size of 

myoma…>=0.9 

6. Location of 

myoma…<=1 

6.location of 

myoma…<0.9 

6.location of 

myoma…>=0.9 

7. Obesity…1 7.obesity…0 7.obesity…0 

9. Maintain 

uterus…<0.9 

9. maintain 

uterus…>=0.9 

8.Maintain Uterus…0 

8.desire to have 

children…<0.9 

8.desire to have 

children…>=0.9 

9.desire to have 

children…0 
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10.UFE previously 

performed…0  

10.UFE previously 

performed…0 

10.UFE previously 

performed…1 

11. Myomectomy 

previously 

performed…1 

11. Myomectomy 

previously 

performed…0 

11. Myomectomy 

previously 

performed…0 

 

NOTE: The attributes in bold font are significant for each treatment 

decision. The system considers the attributes sequentially as stated. The 

attributes in bold has significant weight of 6 while less significant 

attributes has weight of 1(these weights are determined by the expert). 

 

RESULTS AND DISCUSSION 

Questions are provided to the user by the system. The user selects from the 

options provided and clicks on “Next” to answer the next question. As the 

user selects answers, the system immediately swings into action. The 

similarity between each feature of the new case and the individual features 

of cases stored in the database are calculated and the value stored. This is 

referred to as the “Local similarity”. Finally the system displays the values 

of at least ten (10) similar cases in a descending order of magnitude. The 

first case appears with the highest value and is selected as the most similar 

case, example: 

 

Test Result 1 

 
Figure 2: Fibroid case treated wit 
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Figure 2, above shows a Fibroid case with similar symptoms that new 

patient has 

Test Result 2 

 
Figure 3: Hysterectomy Solution 

Figure 3, above shows another fibroid case with similar symptoms to a new 

case  

 

Figure 4, above shows another case that is different from stored cases the 

solution given to case 004 was suggested to the patient.  

Test Result 3 

 
Figure 5 UFE solution 

Figure 5, above shows that the system detects fibroid with similar 

symptoms in the new patient  
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DISCUSSION 

The systems CBR function is tested against 3 cases. The result of the testing 

is described in Appendix 1. Figure 2 shows the result of a patient with, 

age=0.4, parity=0, diagnosis=0.6, pain & bleeding duration=0.7, metal 

implant=0, allergic to Iodine=0, obesity=1, pelvic cancer=0, size of 

Myoma=0.7, location of myoma=0.9, desire to maintain uterus=0.8, desire 

to have baby= 0.9, Myomectomy previously performed=0, uterine fibroid 

embolization previously performed=0. The system matched these feature 

values with the cases in the knowledge base. At least ten (10) similar cases 

were displayed and the first case in the descending order is considered the 

most similar case. Therefore, the new case matches case004 with global 

similarity value, 0.68260869 (Appendix1). The finding is finally saved to 

the knowledge base for future reuse.  

Figure 3 shows the result of a patient with, age=0.7, parity=1, 

diagnosis=0.7, pain &bleeding duration=0.9, metal implant=1, allergic to 

Iodine=1, obesity=0, pelvic cancer=1, size of Myoma=0.3, location of 

myoma=0.5, desire to maintain uterus=0.3, desire to have baby= 0.5, 

Myomectomy previously performed=1, uterine fibroid embolization 

previously performed=1. The system matched these feature values with 

the cases in the knowledge base. At least ten (10) similar cases were 

displayed and the first case in the descending order is considered the most 

similar case. Therefore, the new case matches case76 with global similarity 

value, 0.80576923 (Appendix 1). The finding is finally saved to the 

knowledge base for future reuse. This conclusion is in line with (British 

Fibroid Trust,2011), which listed similar symptoms for severe cases that 

had Hysterectomy recommended for women with such severe symptoms. 

Figure 5 shows the result of a patient with, age=0.9 parity=1, 

diagnosis=0.5, pain &bleeding duration=0.6, metal implant=0, allergic to 

Iodine=0, obesity=0, pelvic cancer=0, size of Myoma=0.8, location of 

myoma=0.8, desire to maintain uterus=0.6, desire to have baby= 0.8, 

Myomectomy previously performed=1, uterine fibroid embolization 

previously performed=0. The system matched these feature values with 
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the cases in the knowledge base. At least ten (10) similar cases were 

displayed and the first case in the descending order is considered the most 

similar case Therefore, new case matches case004 with global similarity 

value, 0.658695652 (Appendix1). The finding is finally saved to the 

knowledge base for future reuse. The conclusion given is in line with 

(Watson, 2003) which explained this system as fibroids’ but could be 

offered UFE treatment. 

 

CONCLUSION 

This work shows that the case based reasoning approach to computer- 

aided treatment decision has the potential to improve the accuracy of 

fibroid detection. This was demonstrated in a fibroid problem domain in 

which cases were stored in the data base. The sample tests indicates that 

case based reasoning approach to fibroid detection has the potential to 

assist clinical doctors in detecting fibroids in patients without confusing it 

with other related growth. These sample tests were carried out to prove 

the efficacy of “Automed system” in Fibroid detection. The system was very 

effective in giving patients the most accurate detection. The positive results 

from the evaluation suggest that the case base reasoning system provides 

an effective and efficient detection within little time. This leaves the patient 

with no doubt of having fibroid growth or not and in turn eases the work 

of the doctors. 

 

RECOMMENDATIONS 

Information technology has done a lot in the field of medicine, uterine 

fibroid affects at least half of women during their reproductive years and 

yet it is under- researched compared to other diseases like cancer. More so, 

information personnel are encouraged to work with experts in the field of 

medicine to develop case based reasoning system that will ease the work 

of clinical doctors and also aid patients in detecting the type of tumour they 

have within the shortest possible time.  
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