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Abstract
[bookmark: _GoBack]Osteoporosis is a debilitating disease of the bone that affects millions of Americans.  With women having a smaller bone structure, osteoporosis tends to occur in women more often; however, men can also develop osteoporosis.  The risk of osteoporosis can be decreased through weight bearing exercise, good nutrition including calcium and vitamin D intake, and avoidance of smoking and excessive alcohol intake.  Studies have shown the amount of bone mineral density (BMD) developed during childhood and adolescent years is indicative of future development of this disease.  If preventative measures are taught and implemented during childhood and adolescent years, the incidence of this disease may be diminished.  The purpose of this scholarly project is to develop, implement, and evaluate an education program for elementary students to promote optimal bone health.  A one-hour interactive presentation was presented to students in the Albany County School District in Laramie Wyoming.  The Healthy Bones Knowledge Questionnaire demonstrated a 9% increase in knowledge, (p<0.001), while the Calcium Food Frequency Questionnaire did not show a change in calcium intake.  A short educational program is feasible and can increase bone health knowledge; however, the effects on behaviors cannot be determined by this project.
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Development, Implementation, and Evaluation of a Pediatric Educational Program 
For the Promotion of Bone Health
Background
	Osteoporosis is a systemic skeletal disease, characterized by low bone mass, deterioration of bone tissue and bone architecture, compromised bone strength, and an increase in risk of fractures (Office of the Surgeon General (US), 2004).  As osteoporosis progresses, the risk of an osteoporotic fracture increases due to the weakened bones.  These fractures are called osteoporotic fractures and sometimes are the first indication that a patient has osteoporosis (McCance & Huether, 2014).  According to the International Osteoporosis Foundation, an osteoporotic fracture occurs every three seconds worldwide (International Osteoporosis Foundation, n.d.).  
In the United States, it is estimated that 54 million people have osteoporosis.  In those 50 years and older, it is estimated that 50% of women and 25% of men will have an osteoporotic fracture during their lifetime.  Estimates are that yearly costs related to osteoporotic fractures are around $19 billion, and it is predicted this cost will continue to rise (National Osteoporosis Foundation, n.d.b.).  
Importantly, osteoporotic fractures increase morbidity and mortality and have the potential to negatively affect the quality of life.  The majority of hip fractures require hospitalization, surgery, and possibly nursing home placement.  Approximately 20% of hip fracture patients die within a year of their injury and, of those that lived independently before their hip fracture, one third are still in a nursing home one year post hip fracture (NIH Osteoporosis and Related Bone Diseases National Resource Center, 2016). 
The vertebrae in the spine also go through osteoporotic changes becoming weak, flat, narrow, and may fracture more easily (American Academy of Orthopaedic Surgeons, 2016).  The vertebral fractures may be asymptomatic but they also can cause pain, height loss, and a curved back called kyphosis.  As kyphosis worsens; the muscles, tendons, and ligaments in the back become stretched and strained which can cause chronic pain.  The nerves in the spinal cord can be compressed causing radiculopathy (National Osteoporosis Foundation, n.d.a.).  Vertebral fractures are twice as common as other osteoporotic fractures (American Academy of Orthopaedic Surgeons, 2016).   
	While originally it was thought osteoporosis was an inevitable part of the aging process, research has shown otherwise (Golden, Abrams, & Committee on Nutrition, 2014).  There is a misconception among the public that when adult bone length is reached, bones stop growing; however, bones are a living structure that are continually being broken down and regrown throughout a person’s lifetime.  As a person ages, this process changes in that bone resorption outpaces bone formation.  The bones can start to show osteoporotic changes leading to a decrease in bone strength (McCance & Huether 2014). 
There is a 40-fold increase in the bone mineral content from birth to adulthood (Golden, Abrams, & Committee on Nutrition, 2014).  As an adolescent reaches adulthood, the bones in the body reach peak bone mass (PBM).  PBM is the highest bone mass a person will have in his or her lifetime.  If the PBM is low then there is an increased risk of developing osteoporosis later in life.  A high PBM will decrease the risk of developing osteoporosis (Heidemann et al., 2013).  
After PBM is reached, bone formation and breakdown are maintained at a balance.  As a person grows older, this balance is altered creating a negative balance (Cosman, et al., 2014).  After the age of 40, the bone removed outweighs the amount of bone that is replaced.  Women tend to have a lower overall BMD then men.  Men’s bone size and width is greater.  Menopause causes women to lose more bone with 40% of their spongy, inner bone and 10% of the hard, outer bone being lost within the first 10 years after menopause (American Academy of Orthopaedic Surgeons, 2012).   
Significance
	Healthy People 2020 has four overarching goals to help improve the overall health of the nation and has included 42 specific topic areas that support the four overarching goals.   One of the 42 topic areas is Arthritis, Osteoporosis, and Chronic Back Conditions.  The goal statement for this topic is to “prevent illness and disability related to arthritis and other rheumatic conditions, osteoporosis, and chronic back conditions.” (Office of Disease Prevention and Health Promotion, n.d., para 1).  More specifically, Healthy People 2020 aims to decrease the number of adults with osteoporosis and reduce the number of hip fractures among males and females age 65 and older.  This includes monitoring bone mineral density (BMD) to evaluate the risk for fractures (Office of Disease Prevention and Health Promotion, n.d.).  
With PBM being related to the risk osteoporosis, an argument for prevention among children and adolescents can be made.  Once PBM is obtained, an individual is unable to further increase their bone mass.  This creates a critical window of opportunity for children and adolescents to develop a high PBM (Weaver et al., 2016).  
[bookmark: _Hlk7251419]According to the Institute of Medicine (2010), recommended daily calcium intake for children ages 9 to 18 years is 1,300 mg and the daily recommendation for vitamin D for ages 1 to 30 is 600 IU.  Studies show that weight bearing exercise and avoidance of smoking and alcohol intake are important for optimization of bone. 
Clinical Problem Statement
	In the town of Laramie, Wyoming the local pediatricians do not provide information regarding osteoporosis prevention or building strong bones (P. Vasek, personal communication, July 18, 2017).  The local schools discuss bones in their curriculum but do not mention PBM or the importance of obtaining a high PBM.  Thus, children and adolescents in the community may not have access to information critical to bone health promotion, which is necessary for optimization of PBM and the prevention of osteoporosis in older adulthood.  
Review of the Literature
	The recommended bone health promotion measures for osteoporosis are the intake of calcium and vitamin D, regular weight bearing exercise, not smoking, and avoiding excessive alcohol intake.  A literature review was conducted examining the various aspects of osteoporosis prevention.  A number of search engines were used such as CINAHL, PubMed, and Google Scholar.  Several different key words and their combinations were used in the literature search.  These words included combinations of calcium, vitamin D, exercise, smoking, alcohol, osteoporosis, risk factor, education, educational programs, prevention, adolescent, children, and bone health.
PBM, BMD, and Osteoporosis
The Surgeon General’s Report on Bone Health and Osteoporosis (2004) states the bone mineral density (BMD) should be evaluated in patients at risk for osteoporosis.  Measurement of BMD is done with the use of a dual energy X-ray absorptiometry (DXA) scan and is considered the gold standard for the evaluation of osteoporosis.  Lower rates of BMD indicate the patient has a lower bone strength which can lead to an increase in fractures.  Every decrease in one standard deviation in DXA is related to a 10 to 12% decrease in BMD and therefore increases the fracture risk by 1.5 to 2.5 times (Office of the Surgeon General (US), 2004).  	
	Berger et al. (2010) examined the PBM in 615 women and 527 men ages 16 to 40 years.  Using the DXA scan, the researchers measured the BMD in subjects 2 to 5 years apart.  If there was still increase in BMD, then PBM had not yet been obtained.  The researchers found 94% of BMD is already acquired by the age of 16.  For women, total hip and femoral neck PBM occurs between 16 and 19 years of age.  In men the total hip PBM was between 19 and 21 years and femoral neck PBM was between 17 and 19 years (Berger, et al., 2010).  
	If PBM was not important in the determination of osteoporosis later in life, then there would be a larger variation in BMD values found throughout aging.  The variation in BMD values is similar for patients in their 50s compared to patients in their 70s (Bonjour, Chevalley, Ferrari & Rizzoli, 2009).  A study following women up to 22 years demonstrated that bone loss is relatively constant within one person.  This creates the ability to predict the risk of experiencing an osteoporotic fracture (Melton, Atkins, Khosla, Oberg, & Riggs, 2005).  Using this concept, mathematics can be used to calculate the onset of osteoporosis.  By increasing the PBM by 10%, the onset of osteoporosis could be delayed by 13 years (Bonjour et al., 2009).    
	It has also been documented that children with a lower BMD tend to have fractures more frequently.  Kalkwarf, Laor, and Bean (2011) examined children that fractured their forearm and compared them to children that had non-fracture injuries to their forearms.  The children that did fracture their forearms had a lower BMD and in the distal radius, had a smaller cortical area compared to the children without fractures (Kalkwarf, Laor, & Bean, 2011).              
Calcium and Vitamin D
	Studies have demonstrated an increase in BMD in participants that take in calcium and vitamin D.  A randomized controlled trial conducted by Greene and Naughton (2011) with female identical twins ages 9 to 13 years examined the effects of calcium and Vitamin D on BMD.  One twin received 800 mg of calcium and 400 IU of Vitamin D3 while the other twin received a placebo.  The researchers measured the distal tibia and distal radius at the beginning of the study and then after six months.  During the six-month time span, the researchers found an increase in BMD of both the distal tibia and radius in the twin receiving the supplementation verses the placebo (p=0.001) (Greene & Naughton, 2011).  In another study done by Khadilkar, Kadam, Chiplonkar, Fischer, and Khadilkar (2012), calcium supplementation was given to females ages 8 to 12 years over a 12-month time span.  The intervention group had an increase in BMD of 5.5% whereas the control group only had a 3.3% increase (p<0.05).  The bone mineral content (BMC) had an increase of 22.3% in the intervention group versus 17.6% in the control group (p<0.05) (Khadilkar et al., 2012).  
Kalkwarf, Khoury, and Lanphear (2003) used the third National Health and Nutrition Examination Survey (NHANES III) to examine whether or not calcium intake during childhood affected the bone mass during adulthood.  Included in the study were 3251 women ages 20 and older.  The researchers assessed milk intake: less than one serving/week of milk, one to six servings/week, one serving/day, or greater than one serving/day.  The findings showed the people with less than 1 serving/week  had hip BMD that was two to three percent lower than women taking in greater than one serving a day (p<0.02).  It was also found these women had a 2-folder greater osteoporotic fracture risk (p=0.04) (Kalkwarf et al., 2003).  This study suggests that calcium intake during childhood carries into adulthood; however, this study was subject to biases of dietary recall after a period of time.    
	A meta-analysis by Ma, Zheng, Ding, Zhang, and Wang (2013), examined 11 studies with a total of 2,397 participants.  Milk without calcium fortifiers demonstrated a positive effect on both BMD and BMC.  The majority of studies in the meta-analysis conducted used 330 ml of milk per day.  Therefore, the results of the meta-analysis may not be able to be generalized to amounts less than 330 ml per day (Ma et al., 2013).           
Exercise
	Another preventative measure is weight bearing exercise.  Lofgren, Dencker, Nilsson, and Karlsson (2012) examined children ages 7 to 9 years old.  The control group of children did a total of 60 minutes of exercise a week, while the children in the intervention group did 40 minutes of exercise every school day.  At the end of 4 years, the intervention group had a higher bone mass than the control group (Lofgren et al., 2012).  Heidemann et al., (2013) studied 602 children with an average age of 11.5 years.  There was an increase in BMC, BMD, and bone area in the children that spent more time participating in moderate to high intensity activities verses sedentary or low intensity activities (p<0.05) (Heidemann et al., 2013).  Detter et al. (2014) examined both females and males over a 6-year period and found an increase in bone mass and bone structure in the increased physical activity group verses the control group (Detter et al., 2014).   
It has been found that females accrue approximately half of their adult bone mass during the four years around menarche (Bernardoni et al., 2013, Detter et al., 2014).  Early pubertal females tend to respond greater to weight bearing exercises than females in other developmental stages.  Estrogen affects how and where bone formation occurs.  During puberty in females, there is a decrease in the formation of bone on the periosteal surface but an increase on the endosteal surface. (Gunter, Almstedt, & Janz, 2012).  Bone mass accumulation in both sexes is also positively affected by weight bearing exercises during pubertal growth spurt or the peak height velocity.  Up to 40% of bone mass occurs during the four years associated with the peak height velocity.  By participating in weight bearing exercises during this time, the bone mass will increase, therefore increasing the PBM (Gunter, Almstedt, & Janz, 2012).
[bookmark: _Hlk7162874]Gunter, Almstedt, and Janz (2012) go into further detail as to what type of exercise should be done to increase BMD.  The researchers found exercises that have a larger load and occur at a rapid rate have a more positive influence on bone development.  A study of 205 students ages 7 to 10 was conducted with approximately half of the students doing 100 jumping repetitions 2 to 3 times a week (Gunter, et al., 2008).  The researchers found the students in the jumping intervention had an increase in bone mass at the hips (p<0.05).  These gains were still present three years after the children stopped the jumping intervention (p<0.05).  This demonstrates exercise during the pre-pubertal period can a lasting effect on the students’ bone growth and development (Gunter, et al., 2008).  
Smoking
	The pathophysiology of the effects of smoking on bone health is not entirely understood.  However, it has been demonstrated that smokers have a lower BMD than nonsmokers (Yoon, Maalouf, & Sakhaee, 2012).  Smoking decreases the blood supply to the bones, decreases the number of osteoblasts (bone-forming cells), interferes with the absorption of calcium, and breaks down estrogen faster (Cusano, 2015).  Hightower (2000) further points out that smoking hinders vitamin D activation and decreases the production of hormones due to damage to the ovaries.   
Lucas, Fraga, Ramos, and Barros (2012) looked at BMD in adolescent girls at ages 13 and then at age 17.  In adolescent girls that tried smoking and drinking by age 13 had lower BMD compared to girls that had not tried smoking and drinking before age 13, CI 95% (Lucas, Fraga, Ramos, & Barros, 2012).  Rudang et al. (2012) conducted a 5-year longitudinal study on men ages 18 to 20 years.  This study examined the BMD on the men that were non-smokers, smokers, men that started smoking during the study (starters), and men that quit smoking during the study (quitters).  It was found BMD in the radius and tibia did not increase as much in smokers as it did in nonsmokers.  There was a larger difference in the tibia than in the radius.  The starters saw a decrease in BMD at the tibia, total hip, and femoral neck (p<0.01).  They did not see a significant change in the radius between nonsmokers and starters.  This supports the idea that the weight-bearing bones were more affected by smoking than the non-weightbearing bones (Rudang et al, 2012).
Alcohol
	Chronic alcohol consumption has been shown to affect bone health by inhibiting the production of osteoblasts which are the cells that stimulate bone formation.  Alcohol also stimulates the production of osteoclasts, the bone absorbing cells (Alund et al., 2017; Ronis, Mercer, & Chen, 2011).  This leads to increased bone reabsorption and decreased bone formation; therefore, leading to a decreased BMD.  Studies conducted on rats have also found alcohol reduces the number of chondrocytes found in growth plates.  This finding has been confirmed by short leg lengths in the rats (p<0.05) (Alund et al., 2017).  A study by Jang et al. (2017) also demonstrated a decrease in BMD in heavy drinkers.   The researchers examined over 3,000 postmenopausal women in Korea and found women that drank alcohol more than 4 times a week had a 1.7 times increased risk for osteoporosis, 95% CI (Jang et al, 2017).  Maurel, Boisseau, Benhamou, and Jaffre (2012) found the BMD to be decreased in people that consume larger amounts of alcohol.  Maurel et al. (2012) states the various types of alcohols have different effects on bones.  This is most likely due to the various ingredients found in the different types of alcoholic drinks.  Chronic alcohol use also adversely affects the healing of fractures by increasing the time it takes to heal (Maurel et al., 2012).    
	The effects of binge drinking have not been studied as extensively since in person self-reporting alcohol consumption, binge drinking may not be accurately reported.  Binge drinking is more common in teenagers but again, the data is lacking (Maurel et al., 2012).  Rat studies mimicking binge drinking have demonstrated decreases in BMD after three weeks of binge drinking.  After a period of abstinence of alcohol, the tibia BMD returned to baseline; however, the measurements of the vertebral BMD did not return to baseline (Maurel et al., 2012).
	There have been a few studies that have demonstrated light alcohol consumption has the opposite effect of chronic or heavy alcohol consumption.  A statistically significant difference was seen in an increase in BMD of light drinkers than non-drinkers or heavy drinkers.  This difference was seen in people that drank 2 to 3 times per week and 1 to 2 drinks per occasion (Jang et al., 2017).  Maurel et al., (2012) confirms the findings by Jang et al.  Maurel et al. (2012) found light consumption of 1 drink a day of alcohol was associated with increased BMD.  When the consumption of alcohol increased to moderate consumption, which is 2 or 3 drinks a day, then the effects were not as clear cut.  Factors such as age, sex, premenopausal verses postmenopausal, and the type of alcohol consumed played a larger role in whether or not alcohol affected BMD (Maurel et al., 2012). 
Education programs
A few educational programs have been reported that educated children in the prevention of osteoporosis.  Better Bones Buddies is a program that was developed and presented to 1st through 8th grade students in South Dakota and Minnesota.  In addition to an older person telling his/her personal story about osteoporosis, the program included skits, videos, games, stories, and a high-calcium snack.  A post-test one month after the program demonstrated an increase in osteoporosis knowledge.  The post-test also demonstrated an increase in milk intake in 64% of students (Schrader, Blue, & Horner, 2005).      
	Needs for Bones (NFB) was developed for 11 to 14-year-old students in Pennsylvania.  This program incorporated food tastings into the 4-lesson program  (Cheng, Monnat, & Lohse, 2015).  While the program was developed for 6th to 8th grades, 4th and 5th grade students were included due to scheduling and the teachers’ desire to include all of their students.  The researchers found that students in the 4th and 5th grades demonstrated more interest in the lessons.  This may due to the dietary habits still being formed in those grades.  As the grade levels increased, the chances of the dietary habits already being formed increased thus decreasing the interest in the information (Cheng, Monnat, & Lohse, 2015).    
	 Osteoporosis Prevention Teaching In Our Nation’s Schools (OPTIONS) was developed by the National Association of Orthopaedic Nurses (NAON) in 1999.  This program was given to teenagers and was found to increase the student’s awareness of bone health and osteoporosis.  The program developers were unable to determine whether or not the knowledge turned into action.  Some educators raised concerns about the validity of the OPTIONS program by stating they saw some students just marking answers on the posttest without reading the questions.  It was also commented some teenagers showed little to no interest and it was suggested to be given to younger students (Brown & Schoenly, 2004).  
Implemented in a health care setting, a program called YOUTH was created and designed around the developmental aspect of the adolescent.  YOUTH focused on increasing calcium intake, increasing fruits and vegetables, decreasing soft drink intake, and including 20 minutes of exercise twice a week, and 10 minutes of strength training twice a week.  Emphasizing the adolescent being an active participant in their choices, YOUTH incorporated elements important to this age group such as peer-oriented activities.  After two years, participants increased their calcium, fruit, and vegetable intake but the other modifiers were not affected.  Even though not all of the modifiers were increased, there was still a greater increase in the BMD in the intervention group (DeBar et al., 2006).
Rationale
	The Health Belief Model (HBM) is a theory that supports idea that a person will change their health behavior based on their perceptions of the illness severity, susceptibility, preventative benefits, and barriers (Current Nursing, 2012).  Developed in the 1950’s by Rosenstock, Hochbaum, Kegeles, and Leventhal; HBM provides support for the idea that a person’s actions are influenced by their knowledge and perception of the problem.  If a person sees the possibility of getting the disease and the severity of the disease is significant, the person will more likely alter their behaviors.  If the patient can visualize the preventative measures and how they can prevent the disease, the person will follow the healthy activities.  In addition, the person will follow preventative measures as long as the costs of the preventative measures are reasonable, the person is motivated, and they have the confidence in themselves to perform the measures (Rosenstock, 1974; Current Nursing, 2012; Jones et al., 2015).  Based on HBM theory, understanding the real possibility of developing the debilitating disease of osteoporosis will encourage a person to start doing preventative measures.  HBM proposes that the person will want to participate in the prevention of osteoporosis once they learn more about the disease, how they can prevent it, and how it will benefit them to prevent osteoporosis.  This learning process will further motivate them want to actively prevent osteoporosis. 
	However, does the HBM apply to children and adolescents?  In the 1970’s, Gochman looked at this question and found that the HBM can be applied to children but there was a wide variation in whether or not children find their health is important.  This can obviously affect the HBM (Gochman, 1971).  If one does not feel their health is important then where is the motivation to change their behaviors for the better?  Bush and Iannotti (1990) did further studies examining the HBM and how it relates to children.  The Children’s Health Belief Model (CHBM), proposes that the child’s caretaker influences how a child responds to a situation.  This adds an external aspect to the situation by the fact that children are influenced by their caretakers and their peers.  The caretaker influence also changes with chronical age and their developmental age (Bush & Iannotti, 1990).
Purpose/Aims
	The purpose of this project was to develop, implement, and evaluate an educational program for promotion of bone health in elementary students.  The primary aims were to:
1. Increase knowledge about osteoporosis and its prevention in elementary students.
2. Increase calcium intake in the students. 
Methodology
Setting
	Laramie is a town near the Snowy Range Mountains in the southeast corner of Wyoming. The 2010 census found the population to be 30,816 people (United States Census Bureau, n.d.).  Laramie is the home to Wyoming’s only 4-year university.  The majority of the population is Caucasian; however, there is a small percentage of Asian, Hispanic, Native American, Pacific Islanders, and African-Americans (United States Census Bureau, n.d.).  There is a total of eight elementary schools in Laramie: Beitel, Indian Paintbrush, Laramie Montessori, Linford, Slade, Snowy Range Academy, Spring Creek, and UW Lab School.  Most of the schools go through the fifth grade after which the students go to Laramie Middle School.  Laramie Montessori goes through the sixth grade.  Snowy Range Academy and UW Lab School have classes through the eighth grade.         
Participants
	Participants consisted of 279 students from seven elementary schools located in Laramie, Wyoming.  The educational program was designed to meet a 4th through 6th grade academic level.  In five of the schools, the program was given to the 5th graders.  One school requested the program be given to the 4th grade classes due to a better curriculum fit and another school requested that it be presented to their combined 4th through 6th grade.  All students in the selected classrooms who were present for initial pre-survey, educational intervention, and the post-intervention survey were eligible for study inclusion.  Exclusion of students absent from either visit or who failed to complete a questionnaire, resulted in an approximately 13% attrition rate.  Final participant numbers for our two primary outcomes were n=249 and n=242.
Measurement
	Students completed the Healthy Bones Knowledge Questionnaire (HBKQ), a questionnaire designed to assess general knowledge about bone health in an adolescent and preadolescent population – ages 9 to 18 (Brown& Schoenly, 2004).  In its original form, the HBKQ has separate versions for females and males.  Previously implemented and evaluated in the OPTIONS program, the two forms have demonstrated internal reliability, α = 0.69 for female (Brown & Schoenly, 2004).  In the current project, the versions were edited so as to create one questionnaire instead of separate male and female versions.  Written consent for the use and modification of the HBKQ was obtained from Dr. Cynthia Coviak.   
	Combining the HBKQ and eliminating some questions was done to avoid the scheduling challenges of separate presentation for boys and girls, seen by the school as necessary since questions about sex hormones and puberty were included in the original version.  If sex-specific details, such as the increased bone production around the start of menses/puberty, had been included, consent from the parents would have been required.
Changes to the female version of the HBKQ included the removal of two questions related to cessation of periods and removal of ovaries.  Two multiple-choice questions were also removed that involve answers related to kitchen chores and housecleaning.  In the male version of the HBKQ, one question regarding low male hormones was removed and one multiple-choice question associated with changing the oil in a car was removed.  In both the male and female versions, there were two questions asking about a mother, father, grandmother, or grandfather, which were changed to ask about a parent or grandparent.  Students completed paper copies of the revised HBKQ prior to and after the educational intervention.    
In addition to the HBKQ, students also completed the Calcium Food Frequency Questionnaire (CFFQ).  The CFFQ was developed by Harnack et al. (2006) and is used to measure calcium intake by asking participants questions regarding their dietary intake.  The CFFQ was developed for use with middle school children and has previously demonstrated internal reliability of α = 0.74 as well as an average 24 hour test, re-test correlation of r = 0.43 (Harnack et al., 2006).   
Procedure 
[image: ]The educational intervention was conducted during November and December of 2018.  Originally, eight elementary schools were contacted, however the project was presented in seven schools.  Prior to program delivery, the pre-HBKQ tests were administered.  Due to feasibility limitations, the time frame on this varied slightly from school to school, with one school completing the pre-HBKQ two days prior to the program, two schools completing one day prior, and four schools completing the day of the presentation.  The pre-CFFQ was given immediately following the presentation.  Reported food intake from the pre-CFFQ were converted into estimated milligrams of calcium consumed and discussed with the presenter.  For example, if the numbers were low, the presenter talked to them about finding other ways to consume more calcium.  Presentation and CFFQ administration took approximately one hour to complete.  One month after the presentation (29 to 35 days), the presenter returned to the schools, and the post-HBKQ and post-CFFQ questionnaires were again administered in the individual classrooms.  Figure 1-Vertebrae visual aid

The use of a power point was integrated into the program along with a visual aid of vertebrae demonstrating osteoporotic changes.  The presenter wore a skeleton Halloween costume.  The program started off with basic facts about bones and the accrual of PBM, followed by discussion of calcium and vitamin D.  This included the types of food to eat in addition to dairy products.  The discussion then expanded into weight bearing exercises and avoidance of smoking and alcohol.  The last part of the program discussed osteoporosis and the importance of building strong bones to decrease the occurrence of fractures during their childhood and adolescent years, as well as during older age.   
The program was an interactive presentation.  Questions were asked to the children throughout the program such was, “What is an example of a weight bearing exercise?”  One of the pictures in the slide presentation showed a female in her younger years and then several years later after she had developed a dowager hump.  The presenter had all of the students stand up and hunch their shoulders over as to simulate having a dowager hump.  The students then tried to take a deep breath.  The students were asked to think about what was happening to the organs in their body and whether or not having a dowager hump would be painful or not.     
Analysis
	In order to evaluate the effect of educational intervention on post-intervention knowledge and post-intervention calcium intake, repeated-measures ANOVA were conducted.  Given the hierarchical clustering of students in classrooms at different schools, both school and time were included as fixed-effect predictor variables.  Such inclusion serves to account for between-school and between-classroom variability in estimated standard error, and reduces bias in estimated standard errors.  Analysis for HBKQ consisted of n=249 completed pre and post questionnaires, while analysis for CFFQ consisted of n=242 completed pre and post questionnaires.   
	School
	HBKQ
	CFFQ

	Beitel
	31
	34

	Indian Paintbrush
	48
	47

	Linford
	44
	43

	Montessori
	19
	20

	Slade
	32
	30

	Spring Creek
	49
	44

	UW Lab School
	26
	24

	
	
	

	Total:
	249
	242


Table 1 Pairs of Questionnaires per School
[bookmark: _Hlk1380442]Results
Knowledge about bone health as measured by the HBKQ significantly increased from pre-program (GM = 41.5, SE = .62) to post-program (GM = 50.7, SE = .88), F(1, 490)=73.9, p<0.001.  The estimated improvement was 9%, 95% CI [7.03%, 11.2%].  Calcium intake did not change from pre (GM = 1038.8, SE = 37.53) to after the intervention (GM = 1032.0, SE = 41.99), F(1, 476)=.017, p=.897, with an estimate of -7mg and a 95% CI [-109mg, 96mg]. 
Discussion
This project demonstrated that implementation of a short educational program about bone health in a school setting to fourth to sixth graders is feasible and increases their knowledge about promotion of bone health.  This is important because optimization of peak bone mass is one of the most effective ways to prevent osteoporotic fractures in older age.  In fact, fracture during childhood are lower in children with higher bone mass.  However, education about bone health to children is lacking in general and was not provided by pediatricians or school in Laramie, Wyoming.   
Although the children who participated in the bone health presentation demonstrated an increase in knowledge, their calcium intake had not increased when assessed one month after the program.  However, on average, these children had a relatively high calcium at baseline, 1,039 mg/day.  The recommended intake is 1300 mg /day in children/adolescents between 9 and 18 years of age.  
These students are still young enough to have most of their meals controlled by their parents/guardians.  They have not reached the age yet where they leave the school to eat lunch at various restaurants in town.  In other words, they are not making their own food decisions yet.  However, fourth and fifth graders are still developing their dietary habits (Cheng, Monnat, & Lohse, 2015), and the information they gained about the importance of calcium intake may help them make better food choices as they gain more independence. 
	The presenter did send an informational handout home to the parents informing them of ways to increase PBM, which may enhance the foods they provide and encourage to their children.  However, the use or outcomes of parental education were not assessed in this project.  While it is important to educate children about developing a high PBM, it may be just as important to educate parents.    
	Previous pediatric bone health educational programs have been reported.  For example, the Better Bones Buddies program demonstrated a 64% increase in milk intake from before the program to after (Schrader, Blue, & Horner, 2005).  This was based on an open-ended question about the changes students made after the program.  The CFFQ used in this project asked specifically how much milk each student was consuming.  It is possible if a generalized question was used to ask if the students were consuming more milk, they would have indicated an increase.  By specifically asking how many cups of milk they were consuming, it gave a more accurate reflection of the amount of milk consumed. 
Limitations
	One of the limitations of this project was the short-term follow up; the post program questionnaires were completed on month after the presentation.  The goal of the education is to provide students with knowledge they retain, and, more importantly, that they use to develop bone-healthy behaviors.  Long-term application of the information presented was not assessed in this project.  However, the short-term improvement in their bone health knowledge demonstrates that, on average, students did learn new information.  This initial exposure to bone health information may prompt their interest in learning more.  One of the strengths of the project is that it demonstrated that implementation of a bone health program in an entire school district is feasible.  The school administrators and teachers were cooperative and indicated an interest in sustaining this program.  
Implications for School Nursing Practice
	School nurses can help fill the void of bone health education.  The topic of bone health can be included during puberty education, which is often done by school nurses.  Also, teachers can include bone health in the educational curriculum.  Introducing the concept of peak bone mass to students when they learn about bones can lay the foundation of bone health to be followed by the school nurse presenting puberty education. Ideally, school programs would include at least some parental education, even more than was included with this project.
Conclusion
	Osteoporosis is a debilitating disease and the greatest risk factor is low peak bone mass.  By educating children on ways to increase their PBM, their bone healthy behaviors may be enhanced, and their risk of developing osteoporosis may decrease.  Implementation of a short program on bone health in an entire school district is shown by this project to be feasible and effective in increasing short-term bone health knowledge in 4th through 6th graders.  The school nurse can plan an important role in educating students in bone health.
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