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 1.0 Objective 
 The objective of this study is to �ind out 

 (1)  Which bones do children fracture the most often? 
 (a)  Neck and up 
 (b)  Entire arm 
 (c)  Entire Torso 
 (d)  Entire leg 

 (2)  Do most bone fractures occur as a result of a fall? 
 (3)  What is our natural response to a fall? 
 (4)  Are children who play sports more susceptible to bone fractures than those who 

 don’t? 
 (5)  Test the validity of hypothesis 

 2.0 Hypothesis 
 If  a child falls,  then  they are susceptible to a bone  fracture in the upper limb  because  the 
 natural reflex to a fall is often to extend the hand. 

 3.0 Method 

 3.1 Steps 

 ●  Completed a literature review to collect background information on: 
 ○  What are the bones in the human body 
 ○  Is a bone fracture di�erent from a bone break? 
 ○  What are the types of common youth bone fractures? 
 ○  What is our natural response to a fall? 
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 ○  collecting four data sets from reputable sources in the literature to test the 
 hypothesis 

 ●  Two procedures were used to test the hypothesis: 
 Procedure 1: Conducting a study which collects data using a survey questionnaire. 
 Procedure  2: By analyzing four data sets from reputable sources 

 ●  Procedure 1  : Conducting a study which collects data using a survey questionnaire. 
 (1)  The survey questionnaire focused on the following: 

 Whether a bone fracture happened between 0- 18 years old 
 The location of the bone fracture 
 Reason for the bone fracture 
 How could have avoided the bone fracture 

 (2)  Selection of a sample size. 
 The questionnaire is sent out to a group of volunteers through social media, text messages 
 and emails.  There was no age limit or country restrictions for who could �ill out the survey. 
 No personal information was collected from the individuals.  Responses were collected over 
 two weeks. 

 (3)  Information gathered through the responses to the survey questionnaire is 
 converted into a data set. 

 (4)  The data set from this study is reviewed and cleaned for quality control. The 
 �inal data set included 303 entries. 

 (5)  Data analysis using Microsoft Excel 
 (6)  Derive conclusions 

 ●  Procedure  2:  By analyzing four data sets from reputable  sources 
 (1)  Six data sets from reputable sources related to the topic are selected 
 (2)  Select data that is applicable data for this study 
 (3)  Analysis of the applicable data 

 ●  Compared the conclusions from Procedure 1 with Procedure 2 

 3.1 My Questionnaire 
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 4.0 Literature Review 

 4.1 What are the Bones in the Human Body 
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 ●  A total of 206 bones in an adult. At birth, there are 300 bones. 
 ●  There are �ive types of bones: 

 Flat Bones 

 -  Protect internal organs like the brain, heart and pelvic organs 
 -  Flat like a shield and sometimes have a curve 
 -  Attachment for muscles 
 -  The flat bones in your skull meet at joints called sutures, sutures can’t move but they 

 will fuse. They don’t completely fuse until your growth is complete, typically around 
 age 20. This allows your brain to grow and expand as an infant and child 

 Long Bones 

 -  Bones that are longer than they are wide like the femur and �ingers 
 -  Hard and dense bones that can support the body's weight and enable movement 

 Short Bones 

 -  Cube-shaped and contains spongy bones 
 -  Found in the wrist and ankle 
 -  Allow movement of the wrist and ankle 
 -  Intended for strength, compactness, and motion 

 Irregular Bones 

 -  Bones like vertebrae, the middle part of the pelvis (sacrum), and certain bones in the 
 jaw area 

 -  Serves various purposes: 
 -  Protect nervous tissue (vertebrae) 

 Sesamoid Bones  (Reinforce tendons) 

 -ones embedded in tendons. These small, round bones are commonly found in the 
 tendons of the hands, knees, and feet. 



 13 

 4.2 Is a Bone Fracture Di�erent from a Bone Break? 

 Bone fracture vs. Bone break 
 Bone fractures and broken bones mean the same thing and they are used interchangeably. A 
 fracture is simply the medical term for a broken bone 

 Bone fracture vs. Bone Bruise 
 A bone bruise occurs when blood is trapped under the surface of the bone due to a forceful 
 impact on the skin's surface and the bone does not crack. A bone fracture occurs when a 
 force breaks or causes a crack in the bone, resulting in a more severe injury and longer 
 healing time. 

 Bone fractures vs. Sprains 
 You can’t sprain a bone. A sprain happens when one of your  ligaments  is stretched or torn. 
 Ligaments are �ibrous tissue that connects bone to bone. 

 4.3 The Main Types of Youth Bone Fractures: 

 Fractures: 

 Greenstick Fracture 
 -  Most broken fractures in children are greenstick fractures, 

 this is because children's bones are more flexible than adult 
 bones 

 -  Almost all greenstick fractures happen in children under 10 
 because kids have softer and less brittle bones than adults. 

 -  Greenstick fractures bones that bend so much that they crack 
 but they don't break all the way and they don't break into 
 pieces 

 -  They are called greenstick because when you try and break a 
 greenstick (a branch that is still alive, it is still flexible) you won’t be able to break it all 
 the way through 

 -  A greenstick fracture happens when there is enough energy to start a fracture but 
 not enough energy to complete it 

 -  Treated by immobilizing the fracture using a cast for about six weeks. If the crack is at 
 a bad angle then surgery might be 

 -  required 
 -  Symptoms of greenstick fracture: 

 -  Pain 
 -  Bruising 

https://my.clevelandclinic.org/health/body/21604-ligament
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 -  Tenderness 
 -  Swelling 
 -  Part of the body looks more bent or twisted than usual 

 -  Most common causes for greenstick fracture: 
 -  Fall (especially onto an outstretched hand) 
 -  Sports injuries 
 -  Car accidents 

 -  Who is most likely to get greenstick fracture: 
 -  As said before; children under the age of 10. Because they have more flexible 

 bones that are softer and more pliable than adult bones and because children 
 fall more 

 -  Children with vitamin D de�iciency 
 -  Ways to prevent greenstick fractures: 

 -  Always wear a seatbelt 
 -  Wear proper protective equipment when doing sports (wrist guards) 
 -  Use proper tools (step stools to prevent falling) 

 -  Summary: 
 When there is enough energy to start a fracture but not enough energy to complete 

 it. The bone bends until it cracks but doesn't break through, just like when you try a 
 greenstick (tree branch that is still alive) 
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 Buckle (Torus) Fracture 

 -  Very common in children like the greenstick 
 fracture 

 -  Frequently happens around the wrist 
 -  When one side of the bone is compressed, the 

 other side bends/buckle 
 -  Almost always a�ects children. They are 

 incomplete fractures meaning the break won't 
 go all the way through the bone 

 -  They are compression fractures meaning they 
 are caused by sudden pressure/force to the 
 area (like a fall) that causes the bones to bulge 
 out of place 

 -  Like a soda can being crushed 
 -  Commonly happens on the ulna and radius, 

 but can also occur on longer bones like; the 
 femur, tibia, �ibula, humerus 

 -  Most commonly occur when children fall onto 
 outstretched hands and are treated with a split 
 or cast, very very rare for them to be treated with surgery. 

 -  They are more common in children than in adults for the same reasons why 
 greenstick fractures are more common in children 

 -  It doesn’t happen on small bones like �ingers or toes 
 -  Very common: 1 in 4 children who break a bone receive buckle fracture and half of all 

 wrist fractures are buckle fractures. 
 -  Symptoms of buckle fractures: 

 -  Pain 
 -  Swelling 
 -  Tenderness 
 -  Bruising 
 -  Bump in body that is not usually there 

 -  Causes: 
 -  When bones are compressed together with force 
 -  For example; when A child falls onto an outstretched hand 

 -  Long  bones  may  bend  without  breaking  the  cortex.  Children's  bones  can  be  bent  to  45 
 degrees  before  the  cortex  is  disrupted  and  a  greenstick  or  a  complete  fracture  occurs. 
 However  if  the  bending  force  is  released  the  bone  may  only  partially  return  to  its 
 pre-bent position, resulting in plastic bowing. 

 -  Summary: 
 -  They are compression fractures meaning they are caused by sudden pressure/force 

 to the area (like a fall) that causes the bones to bulge out of place. Almost always 
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 happens in children because their bones are softer and less brittle than adult 
 bones. 

 Hairline/Stress fracture 

 Small cracks in the bone typically are caused over time 
 by overuse. Mostly occurs on weight-bearing bones like 
 leg bones. 

 4.4 What is our natural reflex to a fall? 

 According to Orthopedic experts,  our natural reflex to a fall can be explained using FOOSH. 
 FOOSH is the shortened term for “fall on an outstretched hand.” It’s one of the most common 
 injuries seen in the Emergency Department and can have a long-term e�ect on your �ingers, 
 hands, wrists, elbows or shoulders. The force of the impact between your hand and the 
 surface you fall on is what creates FOOSH injuries. These can range from bruising to 
 complete fractures. 
 Tumbles and falls can happen to anyone, at any age. From toddlers to the elderly, from those 
 who are sedentary to professional athletes, our natural reflex to a fall is often to extend our 
 hand. 
 FOOSH Injuries: Breaking a Fall with Your Hand | Temple Health 

 5.0 Analysis of Data Gathered from Literature 

 5.1 Data set 1 (Italy Study) 

 Overview 
 A study from Italy using data from the outpatient clinic of the Department of Orthopedics 
 and Traumatology of Santobono-Pausilipon Children Hospital in Naples, Italy 

https://www.templehealth.org/about/blog/broken-fall-hand-foosh-injury-prevent#:~:text=From%20toddlers%20to%20the%20elderly,from%20bruising%20to%20complete%20fractures.
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 Data group  : Children from 2  to 14 years old 
 Study period  : 1 January 2008 to  30 June 2008 
 Number of participants  : 382 

 Applicable Results 
 Fractures most frequently occurred in homes (41.6%), followed by playgrounds and 
 footpaths (26.2%), sports facilities (18.3%), and educational facilities (13.9%), with gender 
 di�erences existing only in adolescence. 
 The lifetime risk of sustaining a fracture in childhood is approximately 42%-64% in boys and 
 27%-40% in girls. (Average 43.25% between both genders) 

 Results interpretation 

 Bone Fracture vs No bone fracture: 43.25% vs 56.75% 

 Home vs. playground vs. Sport facilities vs education facilities: 41.6% vs 26.2% vs 18.3% vs 13.9 
 % 

 Bone broke during sport vs no sport= 41.6+13.9 vs 26.2+18.3 
 Assumption: Bone broke during sport including playground and sport facility data. Bone 
 broke from no sports including Home and educational facilities. 

 Excel Screenshot: 
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 Excel Screenshot: 
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 Excel Screenshot: 
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 5.2 Data set 2 (UK Study): 

 Overview 
 A study from the United Kingdom (UK)  using data from the General Practice Research 
 Database. 

 Data group  : Children from 0  to 17  years old 
 Study period  : 1988 to 1998 
 Number of participants  :  84129 (52,624 boys and 31,505  girls) from 7000000 data records 
 from app residence 

 Applicable Results 
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 Results interpretation 
 Excel Screenshot: 

 Excel Screenshot: 
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 5.3 Data set 3 (US  Study): 

 Overview 
 The National Electronic Injury Surveillance System All Injury Program data 2005 through 
 2013 were accessed; 18 common sports and recreational activities in the United States were 
 selected. 
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 Data group  : All ages including adults 
 Study period  :2005-2013 
 Number of participants  : 20,241,049 Emergency Department  visits 

 Applicable Results 



 25 

 Results interpretation 
 ●  The greatest burden of fractures from common sports and recreational activities 

 involved football and basketball. 
 ●  The most common fracture was in the �inger followed by the wrist and forearm. 

 Excel Screenshot: 
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 5.4 Data set 4 (Switzerland Study): 

 Overview 
 The National Electronic Injury Surveillance System All Injury Program data from 2005 
 through 2013 were accessed; 18 common sports and recreational activities in the United 
 States were selected. 
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 Data group  : 7 to 15 years old 
 Study period  : September 1999 to September 2000 
 Number of participants  : 176 boys 

 Applicable Results 
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 Results interpretation 

 Excel Screenshot: 



 29 

 5.5 Data set 5 (Ireland Study): 

 Overview 
 Collection of data of pediatric patients who presented with fractures to the orthopedic 
 outpatient services of University Hospital Kerry, as well as patients admitted for inpatient 
 treatment. 

 Data group  : 0 to 18 years old 
 Study period  : August 2015 to July 2016 
 Number of participants  : 1022 
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 Applicable Results 
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 Results interpretation 
 Excel Screenshot: 
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 Excel Screenshot: 
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 Excel Screenshot: 
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 5.6 Data Set 6 (Canada Study) 

 Overview 
 Government of Canada’s Open Government Data 

 Database: 
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 Health behaviour in school-aged children 2002, student response to question: What were 
 the main results of the most serious injury? (statcan.gc.ca) 

 Data group  : 11 to 15 years 
 Study period  :2002 
 Number of participants  : Not known 

 Applicable Results 

 Bone Injury: Bone was broken, dislocated or out of joint (includes broken and/or chipped 
 teeth: 

 Results interpretation 
 Excel Screenshot: 

https://www150.statcan.gc.ca/t1/tbl1/en/tv.action?pid=1310025401
https://www150.statcan.gc.ca/t1/tbl1/en/tv.action?pid=1310025401
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 6.0 Analysis of Data of My Resaerch Questionnaire 

 6.1: Data 
 This is a screenshot from showing the first several lines and the last several lines of the Excel 
 spreadsheet of data gathered from my research questionnaire. 

 The graph below shows the breakdown of  data. 
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 6.2 Data Anaysis 

 Bone Fracture vs No Bone Fracture 
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 Age Group 
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 Activities During Broken Bones 
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 Fall or Not Fall 

 Injury Location 
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 No Borken Bones 

 Opinion 
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 8.0 Time log 

 Dec 29  Research Project Ideas 

 Dec 31 to Jan 7  Research into the topic of bone injuries/ how children fall. 
 Finalized Hypothesis 

 Jan 21- Jan 24  Design  Research Questionnaire 

 Jan 27  Completed the literature review 
 Selected Data Sets 

 Jan 29  Drafted the �irst email to Expert 1 

 Feb 10  Completed email to Expert 2 

 Feb 10  Finalized Research Questionnaire 

 Feb 17  Published the Research Questionnaire 

 Feb 24  Uploaded Basic Project Info and Ethics and Due Care information to 
 CYSF Platform. 

 Feb 25  Closed o� survey . 
 Data Clean up 

 Feb 26-March 6  Research Questionnaire Data analysis 

 ComparisonResearch Questionnaire Data analysis with literature data 
 sets 
 Finalized conclusions and discussion 

 March 7- March 
 12 

 Finalized the trifold 

 9.0 Emails 

 Following emails were sent to two experts in the �ield. No responses were received to date. 

 Hi Dr. Weiss, 
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 I hope this message �inds you well. My name is Chenaya Senadheera and I am a Grade 9 
 Student from Calgary, Canada. Here in Calgary, students from grades 5-12 have the 
 opportunity to create any science-related project for the Calgary Youth Science Fair (CYSF). 
 Over 1,000 students compete for a spot to attend the Canada-Wide Science Fair 

 I am reaching out to you today because I would like expert guidance for my Calgary Youth 
 Science Fair project this year. I am passionate about bone health and have always been 
 interested in the science behind the causes of bone fractures and ways to prevent them. 
 I was reading one of your articles about  The Most Common Fractures in Kids  and I found a lot 
 of interesting information in it that would help me for my project this year. 

 Last year, I won a gold medal and two awards (The  Alberta Society of Gastroenterology 
 Award and The University of Calgary Faculty of Arts Award)  for my science fair project, 
 which focused on the e�ects of drinking milk on bone strength. This year, I am taking on an 
 even bigger challenge by investigating which bones break the most in young people and how 
 they break. I hypothesize that physical activity increases the likelihood of bone injury, 
 especially wrist fractures because children try to catch themselves when they fall. My 
 method is collecting data through publications and databases, I will also use data from a 
 Google Form survey I have created. So far I have received 230 responses for my survey and 
 the results I have found are similar to those in your article that I mentioned above. I �ind this 
 super cool! 

 My ultimate goal is to raise awareness of the causes of bone fractures and provide tips on 
 avoiding them. However, I need help �inding adequate publications and databases about 
 bone fractures in youth (ages 0-18) and their causes. I am hoping that you could give me 
 some advice on my project and help me �ind more publications and data on bone fractures 
 in youth. 

 Thank you for your time and consideration, 
 Chenaya Senadheera 

 Hi Dr. Clark, 

 I hope this message �inds you well. My name is Chenaya Senadheera and I am a Grade 9 
 Student from Queen Elizabeth High School. I am reaching out to you today because I would 
 like expert guidance for my Calgary Youth Science Fair project this year. I am passionate 
 about bone health and have always been interested in the science behind the causes of bone 
 fractures and ways to prevent them. I was looking into some pro�iles about you, and I 
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 learned that your work focuses on sports medicine and this is what my project revolves 
 around. 

 Last year, I won a gold medal and two awards (The  Alberta Society of Gastroenterology 
 Award and The University of Calgary Faculty of Arts Award)  for my science fair project, 
 which focused on the e�ects of drinking milk on bone strength. This year, I am taking on an 
 even bigger challenge by investigating which bones break the most in young people and how 
 they break. I hypothesize that physical activity increases the likelihood of bone injury, 
 especially wrist fractures because children try to catch themselves when they fall. My 
 method is collecting data through publications and databases, I will also use data from a 
 Google Form survey I have created. So far I have received 257 responses for my survey and I 
 am aiming for 500 responses. 

 My ultimate goal is to raise awareness of the causes of bone fractures and provide tips on 
 avoiding them. However, I am having trouble �inding adequate publications and databases 
 about bone fractures in youth (ages 0-18) and their causes. I am hoping that you could give 
 me some advice on my project and help me �ind more publications and data on bone 
 fractures in youth. 

 Thank you for your time and consideration, 
 Chenaya Senadheera 


