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Abstract:    Fracture is one of the causes of unexpected death of patients with infections in major organs such as kidney, heart, lung, 

brain. Recognition of such death causing fractures along with the risk factors help saving the life of fellow human beings. Even 

medical experts treat fractures as easily curable and harmless except few fractures. But even fracture in Clavicle can cause death 

in association with lung failure. Hence data mining techniques such as Classification, Association rule mining and Regression 

Model can be used in recognizing such fracture types and in calculating the risk factor associated with that fracture in the patients. 

Thus prevent the death of patients due to lack of knowledge of the ailment and lack of prior treatment. Proper treatment need to 

be practiced for such ailments by considering the other infections in the major organs of the patient. Lack of treatment can make 

the ailment fatal. 

 

Index terms: Fatal Fractures, Clavicle Fracture, Risk Factor, Mortality rates 

   

 
I. INTRODUCTION 

    

 Fracture is one of the most common ailments that 

occur in human beings at any age. The risk of the ailment 

is unknown to many people including educated people [9]. 

This is because fractures due to accidents or unfortunate hit 

against a material are happening in day to day life and 

being treated. But there are still situations where fractures 

in localized areas of the body cause death. Due to lack of 

awareness even in medical specialists, the problem is 

prevailing and is found to be increasing [6]. One such 

fracture which causes death of human beings is Rib 

fracture. This Rib fracture all alone as an ailment in human 

body is treatable and of less risk. But if there is already a 

malfunction or an infection in kidney or lung for the 

patient, then the risk of death is very high [5]. There are 

many such fractures which is of high risk in causing death 

of patients. There are still cases where the disease is 

unrecognizable when the patients suffer from pains, which 

are the silent effects of fractures in human body, due to 

reduction in Bone Mineral Density, a factor determining 

the calcium level in bones [13]. This study is useful for the 

identification of fracture that is more common and 

considered as an easily treatable one, but has a risk of 

causing death. This study also enables the calculation of 

risk factors by associating the fracture type of the patient 

with different parameters of patient such as age, bone 

mineral density, sex, etc using data mining techniques. 

     Data mining techniques are useful in determining 

formerly unknown, valid patterns and relationship from 

large volume of data set using data analysis tools. These 

tools may include clustering techniques, mathematical 

algorithms and models for analysis. Decision trees are the 

most popular way of classifying datasets where each 

internal node represents a test represent a test on an 

attribute, each branch represent an outcome of the test and 

each leaf node holds a class label [2]. Decision trees are 

used to generate the frequent patterns in the dataset. 

 

II.   PROPOSED MODEL 

    

The database used in the study consists of the 

Mortality rates and Readmission rates of patients in 4707 

Hospitals for 30 days from March 2012 to April 2012. The 

infections taken into account are Lung Failure, Kidney 

Failure, and Heart Failure. The readmission rates are noted 

which depicts the number of times patient reported to the 

Hospital for the same kind of disease and Fracture. From 

this database, the task is to find the rate of deaths caused 

due to particular infection in association with a fracture in 

a localized area. Data mining techniques such as 

Classification using decision trees, Association rule 

mining, and Multiple regression are to be used in the study. 

The Database is handled as shown in fig: 1 and regression 

model is used to calculate the risk factor. 
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Fig: 1 Flow Chart of the proposed model 

 

III. CLASSIFICATION USING DECISION 

TREES 

     First the data is classified based on those patients 

died of Kidney Failure alone and those have occurred 

fracture before their death. The later rate can be occurred 

from the readmission rate of the database. Then the 

patients who were fractured were further refined to 

discover those who have Rib Fracture and those who have 

fracture in other areas of the body. These classifications 

can be done using decision tree which is depicted below: 

 

 

Fig: 2 Classification using decision trees to find the 

patients died of Kidney Failure and Rib Fracture. 

 The purpose of taking rib fracture in association 

with kidney failure as the initial test is that it is already a 

known factor in medical study that Rib Fracture will be a 

major risk for the patient if the patient has Kidney failure 

[5]. This is because; Rib is located close to the kidney and 

fractures in any bone usually causes the injured bone and 

surrounding tissues to bleed, similarly bleeding occur near 

the ribs and there will be blood clotting. This results in 

malfunction of nearby organs due to improper blood 

circulation. When the organ is already not functioning 

better and too if it is a major organ in human system such 

as Kidney, Lung, Heart, Brain then the result would be a 

unfortunate death. Thus rib fracture in association with 

kidney failure has a risk of causing death. There are many 

such fractures that in association with infections in other 

organs can cause death of the patient. Due to lack of 

awareness and inadequate treatment, death rates are 

increasing. By International Osteoporosis Foundation 

(IOF) statistics ‘a 50 year old women has a 2.8% risk of 

death related to rib fractures. 

    With the mortality rates observed from 4707 

hospitals with respect to kidney failure, the average 

mortality rate of patient who did not have fractures is 

10.423 and the average mortality rate of patient who have 

occurred fracture is 3.47. This rate is calculated using the 

readmission rate of patients for rib fractures. Here rib 

fracture is considered directly because; the death of 

patients with other fractures and kidney failure is refined to 

obtain directly the required result. Hence with the observed 

results and the statement by IOF, it is clear that Rib 

Fracture in association with Kidney failure has a risk of 

causing death. Hence proper medication has to be taken 

with regard to fracture having in mind that the patient has 

Kidney failure. This association rule can further be used to 

discover more interesting patterns: 

 

Kidney Failure ^ Rib Fracture          Death 

        ---------- Rule 1 

 

IV. ASSOCIATION RULE MINING 

 

    

Using the above rule 1, it is possible to discover 

other infections in association with fractures causing 

deaths. That is using association rule mining with the help 

of generalized association rule:  

X Failure ^ Y Fracture        Death 

              ---------- Rule 1.1 

     The task is to find different values for X and Y 

from the database. Since the database consists of only three 

values of X namely Kidney, Lungs, Heart, the value of X is 



 

 

  
International Journal of Engineering Research in Computer Science and 

Engineering (IJERCSE) Vol 3, Issue 3, March 2016 

 

 

                                                        175 

 

specific during each test, while the value of Y varies. Also 

the Y can depend on chosen X, because by the above proof 

with rib fracture, only the bones that is close to the vital 

organs cause risk of death in patients. Hence the mining 

can further be localized based on chosen X. The kidney 

failure in association with pelvic fracture is discovered 

using the generalized rule 1.1. The average mortality rate 

due to kidney failure in association with pelvic fracture is 

2.72. Even the rate is small, the IOF foundation says that 

pelvic fracture is one of the major ailment, that when 

occurred seriously causes direct death to patients. Even 

when the patient is injured less seriously, the probability of 

death is increased by renal failure. 

 

Kidney Failure ^ Pelvic Fracture        Death 

      ---------- Rule 2 

    Now, consider X as Lung, the possible values of 

Y under study includes Sternum, Scapula, and Clavicle. 

Sternum being the center portion of chest is not normally 

fractured so easily by minor accidents. But the risk factor 

is considerably higher if it is fractured. Similar to the 

proven rule 1, the average 30 day mortality rate of patients 

with lung failure alone is 9.674 and the average mortality 

rate of patients with lung failure in association with 

sternum fracture is 0.63. The low rate doesn’t mean that 

the risk is low but the possibility of fractures in sternum is 

low.  

 

Lung Failure ^ Sternum Fracture        Death 

---------- Rule 3 

     Another value of Y is Scapula Fracture; this is a 

most common fracture that occurs from minor accidents 

such as jumping from a height, falling from a riding cycle, 

unexpected hit on a wall. Scapula Fracture normally does 

not cause death even in patients with lung failure, because 

the average mortality rate of patients with lung cancer in 

association with Scapula Fracture is 0. But proper 

treatment and adequate medication is recommended. 

 

Lung Failure ^ Scapula Fracture         Death 

                    ---------- Rule 4 

     One more value of Y is Clavicle fracture; this is 

even more common fracture occurs to patients of all sort of 

ages. Especially children incur it while playing. According 

to medical study, clavicle fracture does not cause any risk 

of death or any future malfunction in human body. But the 

study conducted using the database consists of a reasonable 

mortality rate of patient with lung cancer in association 

with clavicle fracture. The rate is 0.32. Though it is found 

to be a weak association, 1 out of 10 patients with lung 

failure die of clavicle fracture. 

Lung Failure ^ Clavicle Fracture        Death 

      ---------- Rule 5 

 

     Thus by using association rule mining, five rules 

have been derived along with their proofs obtained with 

decision tree based classification methods. More 

interesting pattern obtained with respect to other medical 

studies is Rule 5 which depicts the fact that clavicle 

fracture can cause death. The fact might be strange to 

medical advisors that such a common and easily curable 

fracture can cause death, but it is proven by considering the 

30 day mortality rates and readmission rates in 4578 

hospitals in the above study. 

 

V. USING REGRESSION MODEL TO 

CALCULATE RISK FACTOR 

 

     Based on the above study it is possible to 

calculate the risk factor associated with the patients having 

fractures. The regression model can be used for calculating 

the risk factors. The predictor variables are age, sex, 

number of days of ailment, Bone Mineral Density and the 

above rules for fractures.  

     Multiple regression with many predictor variables 

(5 in this study) is an extension of linear regression with 

two predictor variables. A linear transformation of X 

variables is done so that the sum of squared deviations of 

the observed and predicted Y is a minimum. The 

computations are more complex, however, because the 

interrelationships among all the variables are taken into 

account in the weights assigned to the variables. The 

Prediction of Y is accomplished by the following equation: 

 

Y'i = b0 + b1X1i + b2X2i + … + bkXki 

 

That is, Y’i= b0+b1X1i+ b2X2i+ … + b1X5i 

 

Where, X1=Age, X2=Sex, X3=No. of days of 

ailment, X4= Bone Mineral Density and X5= Type of 

Fracture 

The “b” values are called regression weights and 

are computed in a way that minimizes the sum of squared 

deviations. 

 
 

     In this case there are K (5) predictor variables 

rather than two in linear regression and K+1 (6) weights 

must be estimated, one for each of the K predictor variable 

and one for the constant b0 term. 

The following figure shows the UI of Risk 

Calculator with the predictors need to be entered by the 

user. 
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Fig: 3 User Interface of Risk Calculator 

 

VI.  RESULT CALCULATION 

      The predictor variables age, sex, days of ailment, 

Bone Mineral Density, Type of Fracture are taken as 

numerical values. These numerical values are assigned 

based on the categorizations. Age are categorized as young 

(0-25), middle aged (26-50) and old (>50). Sex as Male 

and Female where Female patients are of more risk than 

Male patients as per medical study [11].Number of days of 

ailment are categorized based on the type of fracture. The 

fractures in localized areas along with an infection in a 

major organ corresponding to it as per the above rules are 

given higher priority or values. Then BMD is also 

categorized based on the medical tests as low, normal and 

high [13]. 

Example: 

Age: 24  

Sex: Male 

No. of days of ailment: 4 

Bone Mineral Density: 1.4 SD 

Type of Fracture: Clavicle Fracture 

Infections: Lung Failure 

calculation: 

BMD and Age are dependent variables that tell 

BMD is low or osteopenia. Clavicle Fracture and Lung 

Failure in association have high risk as per the discovered 

rules. Male usually have less risk than women. No. of days 

of ailment is 4 which shows that treatment is required 

immediately. Hence by providing the values accordingly 

the risk factor is calculated and is displayed in following 

figure. 

 

 
Fig: 4 Result of Risk Calculator 

 

VII. CONCLUSION 

 

Thus the fracture types and the associated 

infections that tend to have a high risk when occur together 

in patients are identified. The results are prioritized in the 

following order: 

 

Fracture Infection 

Cranium Fracture* Brain Tumor 

Rib Fracture Kidney Failure 

Pelvic Fracture* Kidney Failure 

Spine Fracture*  

Two Bone Fracture*  

Clavicle Fracture Lung Failure 

Thoracic Vertebrae Fracture Thyroid 

 

Table 1: Fatal fractures and associated infections 

making it fatal 

*        Considered risk even if occurred independently. 

Fractures in rib, spine, pelvic bones are considered as a 

major ailment by the medical specialists and researchers, 

as they possess the risk of causing death [5],[12]. Common 

fractures that can occur easily among people from road 

accidents and play grounds are fractures in Joints, Carpals, 

clavicle, Femur, Tarsals, Ulna and Head [8]-[10],[14]. 

Except in Head, others are considered as easily curable but 

can cause lot of pain and blood clots. The study done 

discovers that clavicle fracture can even cause death in 

association with lung failure. The fractured bone cuts 

through the blood vessels passing through the shoulder and 

lungs. When the patient has lung failure, the improper 

blood supply would considerably affect the respiration 

which has a risk of living. The number of deaths could be 
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noticeably less, but the value of each single life is of great 

worth. Hence proper care and treatment should be given 

for patients. 
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