
Florida State University Libraries

Honors Theses  The Division of Undergraduate Studies

2014

Determining Causes of Lower Back Stress
Fracture in Female High School Gymnasts
Amanda Ramon

Follow this and additional works at the FSU Digital Library. For more information, please contact lib-ir@fsu.edu

http://fsu.digital.flvc.org/
mailto:lib-ir@fsu.edu


 

 

 

 

ABSTRACT 

Background: Lower-back stress fractures are a common injury in thirteen to eighteen year 

old competitive female gymnasts, but the causes of this injury, outside of the mechanical 

stress of the sport, have not been thoroughly explored. 

Objective: Assess the nutritional intake, training habits, and menstruation patterns of 

female, high-school-aged gymnasts with and without lower-back stress fractures. 

Methods: Validated surveys were used to assess nutritional intake, training habits, and 

menstruation patterns. Height and weight were also measured. Twenty-five female 

gymnasts between the ages of thirteen and eighteen, currently training on competitive 

levels, were recruited for the study. Eleven had a history of a lower-back stress fracture, 

and fourteen did not. Results were analyzed using Microsoft Excel, Statistical Package for 

the Social Sciences ® (SPSS). A p<0.05 was considered significant. 

Results: Gymnasts with lower-back stress fractures consumed significantly more vitamin A 

and folate on non-training days and significantly less total energy, protein, fat, 

carbohydrates, and other nutrients on training days than gymnasts without the injury. Both 

groups experienced similar average number of total injuries, but the lower-back stress 

fracture group had a higher ratio of bone injuries to total injuries. None of the training 

elements were significantly different between groups. Gymnasts without lower-back stress 

fractures were less likely to have experienced menarche. 

Conclusions: Menstruation patterns, higher intake of vitamin A and folate, and lower 

intake of energy and macronutrients were correlated with higher risk of lower-back stress 
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fractures. Further research needs to investigate other physiological, mechanical, and 

postural factors possibly contributing to injuries of gymnasts. 
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INTRODUCTION 

 Artistic gymnastics is a sport that focuses on power and athleticism coupled with 

grace and flexibility. Female artistic gymnasts perform on four events: vault, uneven bars, 

balance beam, and floor exercise. During competition, gymnasts perform one routine on 

each event for a judging panel. Each routine is composed of a combination of different 

skills. Vault, balance beam, and floor exercise routines contain skills that require upper and 

lower extremities impact, but routines on uneven bars consist of skills that mostly involve 

upper-body impact, except during mounts, dismounts, and some flight skills (1). Mounts 

are the first skill a gymnast performs to get onto the uneven bars and start swinging (2). 

Dismounts are the last skill a gymnast performs in a routine, in which she lets go of the bar 

and lands on the ground (3). There are several different types of flight skills: flight from 

high bar to grasp the low bar or the reverse, counter flight, vaults, hechts, and saltos (2). All 

flight skills require a gymnast to release and then grab the bar again after a rotation of the 

body or a somersault (2). Uneven bars, balance beam, and floor exercise routines also 

include back, shoulder, and leg flexibility elements (1). The difficulty and number of skills 

depend on competitive level. Levels range from one to ten plus elite and four prep-

optional/X-cel levels (2). Skills increase in difficulty from level one to ten with elite having 

the most difficulty (2). Difficulty of prep-optional level skills typically mirrors the difficulty 

of skills in levels five through nine (2). Prep-optional levels range from bronze to platinum 

with platinum having the most difficulty (2). These prep-optional levels combine difficulty 

and number of skill requirements from two of the numerical (one through ten) levels, 

which allows them to function as a form of in between levels (2). Elite gymnastics is more 
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difficult than level ten, and gymnasts participating in elite train to compete at the Olympics 

and other international events for the United States of America (2). 

Using almost every muscle, gymnasts flip, twist, and bend their bodies in different 

directions to perform these skills. More dangerous skills result in greater scores when 

executed with precision, but these dangerous skills may also lead to an increased risk of 

injury. Although upper-body injuries occur, lower-body injuries are more common (4,5). 

Injuries to the knees, ankles, and lower back occur most frequently, primarily because of 

the extreme amount of force on these joints during landings (4,5,6). Competitive, high-level 

gymnasts handle the impact from landings better than recreational gymnasts (6). However, 

high-level gymnasts also perform more difficult skills, so their risk of injury does not 

decrease simply because they have more controlled landings. Ankle and knee injuries 

typically have a known cause; for example, twisting the leg while the foot is still planted or 

landing on the outer edge of the foot rather than the ball of the foot may cause knee or 

ankle ligament damage, respectively. Conversely, causes of lower-back injuries are not as 

easy to diagnose. Gymnasts constantly bend their backs, and although the injury may 

become apparent during one particular skill, the injury may have resulted from repetitive 

twisting and hyperextension of their backs (1). Spondylolysis, also known as stress 

fractures in the L4 and L5 vertebrae, is an injury in gymnastics that frequently results from 

mechanical stress leading to initial microfractures that increase over time or weakening of 

the vertebrae caused by repeated overload on the spine (1,7). Most high-level gymnasts 

place similar types of mechanical stress on their lower backs, yet not all high-level gymnasts have spondylolysis. A gymnast’s likelihood to develop spondylolysis must then 

be dependent on factors other than mechanical stress. 
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Even though all gymnasts practice, not all gymnasts have the same activity patterns. 

Every gymnast starts recreational and competitive gymnastics at different ages. The 

number of days and hours spent practicing differs from one gymnastics center to another. 

Time spent practicing is also dependent on competitive level. Activities performed during 

practice may differ depending on phase of training (8). These phases include preparation, competition, and recovery/transition . Length of each phase depends on coaches’ 
training methods; however, coaches are expected to create periodised training plans for 

their gymnasts (8). Higher impact training plans may cause gymnasts to put force that is 

two and fourteen times their body weight on their hands and feet multiple times per 

practice (8). Many of the skills that require high impact are dismounts, and thirty-six 

percent of all injuries result from performing dismounts (3). An increased amount of time 

spent performing higher impact skills causes a greater risk for injury (8). 

Nutrition is an important part of all athletics. Athletes require a certain amount of 

energy and nutrient consumption, and deficits may lead to an increased risk for injury. 

Most calcium and phosphorus in the human body lies in the bones, and both are essential 

for bone growth and repair (9). The Institute of Medicine of the National Academies states 

that the Recommended Dietary Allowance (RDA) values for females ages fourteen through 

eighteen years old are 1,300 mg /day of calcium and 1,250 mg/day of phosphorus (10). 

Vitamin D is also an essential nutrient in bone health and helps regulate calcium uptake 

into the body, and the RDA for Vitamin D is 5 µg/day for females, ages fourteen through 

eighteen years old (10). Fluoride is particularly important for bone health during periods of 

growth, especially during puberty, and therefore is another essential nutrient (9). Adequate 

Intake (AI) for fluoride is three mg/day for females ages fourteen through eighteen years 
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old (10). Diets too high in protein have been linked to increased risks for bone fractures, 

and the RDA and AI for protein is 46 g/day for females ages fourteen through eighteen 

years old (9,11). Several other nutrients are key for bone and overall health, so a balanced 

diet is necessary for athletes to remain healthy. 

Because gymnastics is an aesthetic sport, approximately two to twenty-two percent 

of gymnasts struggle with athletic anorexia, which typically develops between ages thirteen 

and twenty (12). Athletic anorexia causes a decrease in energy intake and body weight, 

which may lead to exhaustion, amenorrhea, and other injuries. A gymnast with athletic 

anorexia is at high risk for developing amenorrhea and subsequently, osteoporosis. This 

three-illness-condition is known as the female athlete triad. The American College of Sports 

Medicine defines the female athlete triad as a condition containing three components: 

disordered eating, menstrual dysfunction, and impaired bone health (13). Each component 

occurs on a spectrum (13). For example, disordered eating can range from healthy energy 

status to restrictive eating to an eating disorder. Even though studies suggest that the 

female triad is not as prominent in gymnasts as previously believed, this condition could 

have significant effects on bone and overall health (14).  

 From analysis of current research, it is unclear what factors make female high 

school gymnasts more prone to lower-back stress fractures. Nutrition and activity habits 

may be factors that, when combined with mechanical stress, make gymnasts more likely to 

suffer from lower-back stress fractures. Currently, to our knowledge, there are no other 

studies that link nutritional and activity habits to increased risk for back stress fractures in 

gymnasts. Results from this study may help enhance prevention and rehabilitation of this 

injury. 
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PURPOSE 

 The overall purpose of this research was to determine whether nutritional factors, 

training habits (activity levels), and menstrual irregularity contribute to lower-back stress 

fractures in female gymnasts.  

Specific Aim 1: Assess nutritional intake of female gymnasts during training and non-

training days. 

Hypothesis 1: Gymnasts with lower-back stress fractures will have insufficient 

intakes (based on the RDAs) of calcium, vitamin D, protein, and energy compared to 

gymnasts without lower-back stress fractures.  

Specific Aim 2: Assess training habits and duration, as well as overall metabolic 

equivalents (METs) of female gymnasts. 

Hypothesis 2: Gymnasts with lower-back stress fractures will have greater training 

duration in years, daily practice times, and high-impact-training days compared to 

gymnasts without lower-back stress fractures. 

Specific Aim 3: Assess menstrual irregularity of female gymnasts. 

 Hypothesis 3: Gymnasts with lower-back stress fractures will have greater 

menstrual irregularity compared to gymnasts without lower-back stress fractures. 

 

METHODOLOGY  

Participants 

 The subjects were recruited by advertising through flyers and presentations at 

gymnastics centers in the metro-Atlanta area of Georgia. In order to recruit more subjects, 

flyers were also emailed to gymnastics centers all over the United States of America with 
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the explanation of the study. The consent and assent forms were sent to the willing and 

qualified gymnasts, and after they were signed and received back, all other questionnaires 

and forms followed. Inclusion criteria were: female, competitive gymnasts, age thirteen to 

eighteen years, and competing on levels seven through ten, elite, or prep-optional gold or 

platinum. One group of subjects included gymnasts with lower back stress fractures that 

had been previously diagnosed by physicians (n=11), and the other group included 

subjects who had no history of lower back stress fractures (n=14). The protocol was 

approved by the Florida State University Institutional Review Board, and consent from 

subjects and parents/guardians was received before any testing began. 

 

Data Collection 

Anthropometry:  

Height in inches to the nearest tenth and weight in pounds to the nearest tenth were 

measured using a Taylor Lithium portable scale and a Stanley Powerlock tape measure and 

converted to cm and kg respectively, and body mass index (BMI, kg/m2) was calculated. In 

some instances (for the long distance gymnastics centers, which were contacted by email), 

measurements from the most recent visit to a physician were accepted. 

Nutritional and Physical Activity Assessments: 

Dietary records were analyzed for nutrient and energy consumption using Food 

Processor® (The Food Processor SQL. Vers. 10.13.3. Salem, OR: ESHA Research, 2013) after 

subjects recorded dietary intake for three days (Appendix A). Two of those three days were 

days during which the subjects practiced gymnastics (training days), and one of those days 

was a day that the subjects did not practice gymnastics (non-training days). A calcium 
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quick assessment survey was also given to evaluate calcium intake from dairy products 

during one week (15) (Appendix B). 

A twenty-four hour activity collection survey was used to assess fifteen-minute 

intervals of physical activity, which was then used to calculate metabolic equivalents 

(METS) (16) (Appendix C). METs are metabolic equivalents, which give an estimate of 

energy expenditure for all activities during the assessed 24-hour period. Total METS/day 

were calculated using the median energy cost in METS for each categorical value reported 

in each fifteen-minute increment (16). This calculation is shown in the formula below: 

METS/day = (# of 1s)(1.0 METS) + (# of 2s)(1.5 METS) + (# of 3s)(2.3 METS) + (# of 4s)(2.8 METS) + (# of 5s)(3.3 METS) 

+ (# of 6s)(4.8 METS) + (# of 7s)(5.6 METS) + (# of 8s)(6.0 METS) + (# of 9s)(7.8 METS) 

  

Average METS/day was calculated for each gymnast using the formula below:  

 

Avg. METS/day = (avg. METS/training)(avg. # of training days) + (METS/non-training day)(avg. # of non-training days) 

       7 
 

The activity diagnostic tool was supplemented by a questionnaire that focused on specific 

elements of gymnastics that were not covered in the activity survey, including level of 

training, age training started, types of training during the competitive and 

recovery/transition phases, previous injury history, and other sports involvement 

(Appendix D). For the gymnasts with back stress fractures, another questionnaire was 

given that included specific questions about their injury, including the date of diagnosis, 

doctor that diagnosed the injury, length of recovery, and treatment (Appendix E). 

Number of training days during the summer and school year may change based on 

school schedules, so number of training days for both were recorded. Recreational 

gymnastics includes classes that did not require the gymnast to register with United States 
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of America Gymnastics (USAG). Competitive gymnastics includes any training that required 

the gymnast to register with USAG. Hard landings were considered any dismount, tumbling 

pass, or vault that the gymnast did not land on a soft/resi mat, on a trampoline, or in the 

foam pit. 

Menstruation Pattern Assessment: 

 A brief menstruation questionnaire was used to assess menstruation patterns 

(Appendix F). The questionnaire identified age at menarche and whether or not subjects 

have consistent twenty-eight day cycles. Any irregularities, like spotting between periods, 

flow of period, and oral contraceptive use, were recorded as well. 

Data Analysis 

 All collected data were entered in Excel spread sheets (Microsoft Excel, Redmond, 

Washington: Microsoft, 2010) and SPSS® (IBM Corp. Released 2012. IBM SPSS Statistics 

for Windows, Version 21.0. Armonk, NY: IBM Corp.). Descriptive statistics were calculated. 

Two-tailed T-tests were performed to examine the difference of various variables between 

the two groups of gymnasts. Multiple regression models were developed to examine 

predictors of back stress fractures or total injuries. Statistical significance was set at p < 

0.05.  

This was a pilot study to investigate predictors of back stress fractures in female 

high school gymnasts. Since no previous studies were available regarding the 

nutrition/physical activity effect on stress fracture in young gymnasts, no power 

calculation was performed. This pilot/exploratory study included a sample of 25 

participants (11 with a back stress fracture and 14 without a back stress fracture).  
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RESULTS 

 Tables 1 - 2 report the mean, standard deviation, minimum, and maximum of the 

anthropometric and training variables. There were no significant differences in age, weight, 

height, average METS, total number of injuries, or any of the training patterns. Average 

number of injuries was similar between the back stress fracture and non-back stress 

fracture groups, but the average number of bone injuries was significantly higher in the 

back stress fracture group. Days of hard landings and full routines increased from summer 

to the non-competition season part of the school year and from the non-competitive to the 

competition season part of the school year.  

 

Table 1: Descriptive Statistics for Anthropometric Measures and Injuries 

Variables 
Total (n=25) Non-Fracture (n=14) Fracture (n=11) 

Mean+SD Min-Max Mean+SD Min-Max Mean+SD Min-Max 

Age (years) 15.3+1.5 13.0–18.2 15.3+1.5 13.0–17.6 15.3 + 1.5 13.0–18.2 

Height (m) 1.6+0.1 1.3–1.8 1.6+0.1 1.5–1.7 1.6+0.1 1.3–1.8 

Weight (kg) 53.4+8.6 41.6–77.1 54.5+9.5 41.6–77.1 52.1+7.5 42.9–62.6 

BMI (kg/m2) 21.4+3.2 15.2–30.5 21.5+3.2 18.0–30.5 21.3+3.4 15.2–27.6 

Average 

METS/day 

217.7+19.0 182.3–246.0 217.3+21.3 182.3–246.0 218.2+16.6 196.2–
242.6 

Average 

METS/kg 

4.2+0.8 2.7–5.7 4.1+0.9 2.7–5.7 4.3+0.8 3.3–5.6 

Number of 

Injuries 

5.8+3.6 1.0–15.0 5.9+3.8 1.0–15.0 5.7+3.6 2.0–11.0 

Number of 

Bone Injuries 

2.5+2.2 0.0–8.0 1.6+1.4* 0.0–4.0 3.6+2.5* 1.0–8.0 

Ratio of Bone 

Injuries to 

Total Injuries 

0.4+0.3 0.0 – 1.0 0.3+0.2* 0.0–0.6 0.7+0.3* 0.3–1.0 

*p<0.05 for two-tailed T-test between fracture and non-fracture subjects 
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Table 2: Descriptive Statistics for Training Patterns 

Variables 
Total (n=25) Non-Fracture (n=14) Fracture (n=11) 

Mean+SD Min-Max Mean+SD Min-Max Mean+SD Min-Max 

Age Started 

Recreational 

Gym 

4.2+2.0 2.0–9.0 4.1+1.7 2.0–9.0 4.2+2.4 2.0–9.0 

Age Started 

Competition 

Gym 

7.5+1.5 5.0–11.0 7.6+1.2 5. 0–10.0 7.4+1.8 5.0–11.0 

Training Days 

(Summer) 

4.7+0.8 2.0–6.0 4.5+1.0 2.0–6.0 4.8+0.4 4.0–5.0 

Training Days 

(School) 

4.8+0.6 3.0–6.0 4.9+0.5 4.0–6.0 4.6+0.7 3.0–5.0 

Training 

Hrs/Week 

(Summer) 

22.1+3.2 16.0–30.0 22.9+3.4 18.0–30.0 21.2+2.7 16.0–25.0 

Days of Full 

Routines 

(Summer) 

0.4+0.7 0.0–2.0 0.4+0.6 0.0–2.0 0.5+0.8 0.0–2.0 

Days of Full 

Routines 

(School-Non 

Competition) 

1.6+1.3 0.0–5.0 1.3+1.0 0.0–3.0 1.9+1.6 0.0–5.0 

Days of Full 

Routines 

(School-

Competition) 

3.5+1.0 1.5–5.0 3.3+1.0 1.5–5.0 3.7+1.1 2.0–5.0 

Days of Hard 

Landings 

(Summer) 

2.4+1.5 0.0–5.0 2.7+1.3 0.0–5.0 2.0+1.6 0.0–4.0 

Days of Hard 

Landings 

(School-Non 

Competition) 

3.1+1.1 0.0–5.0 3.3+1.0 2.0–5.0 2.9+1.4 0.0–5.0 

Days of Hard 

Landings 

(School-

Competition) 

4.0+1.1 0.0–5.0 4.2+0.8 3.0–5.0 3.8+1.4 0.0–5.0 

 

Tables 3 - 5 report selected nutrients and mean intake for each. Based on the 

average number of training days per week during the summer and school year, these 

gymnasts trained approximately two-thirds of the days in a week, which is represented by 

the average of the two training days and one non-training day. The results from the 

Calcium Quick Assessment differed from the average calcium intake from the three-day 
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diet record for both groups. Energy, fat, saturated fat, and selenium were significantly 

different between groups. All other nutrients were not significantly different between 

groups. 

 

Table 3: Descriptive Statistics for Macronutrients 

Nutrients 

Total (n=25) Non-Fracture (n=14) Fracture (n=11) 

Mean+SD Min-

Max 

Mean+SD Min-Max Mean+SD Min-

Max 

Energy 

(kcal/day) 

2102.3+742.6 859.0–
3785.3 

1824.3+687.9* 859.0–
2817.7 

2354.9+533.6* 1503.5–
3785.3 

Fat (g/day) 73.5+35.4 28.4–
135.0 

59.5+31.8* 28.4–
122.0 

91.3+32.7* 31.3–
135.0 

Saturated Fat 

(g/day) 

23.6+11.6 5.7–43.0 18.8+10.6* 5.7–38.3 29.8+10.2* 6.4–43.0 

Unsaturated 

Fat (g/day) 

16.7+9.0 5.6–41.4 15.4+6.5 5.6–26.5 18.4+11.5 5.6–41.4 

Cholesterol 

(mg/day) 

213.5+180.2 26.9–
833.3 

157.9+99.4 26.9–
328.8 

284.2+235.1 56.9–
833.3 

Protein 

(g/day) 

82.3+30.0 26.5–
169.6 

72.6+22.8 26.5–
104.9 

94.7+34.4 52.6–
169.6 

Carbohydrates 

(g/day) 

271.9+88.0 111.0–
424.1 

253.5+100.9 111.0–
424.1 

295.4+65.4 206.1–
384.0 

Omega-3 

(g/day) 

0.7+0.7 0.1–3.5 0.6+0.5 0.1–2.1 0.8+1.0 0.2–3.5 

Omega-6 

(g/day) 

4.1+2.7 0.5–10.4 3.8+2.5 0.5–8.7 4.4+3.0 1.1–10.4 

Ratio Omega-

3/Omega-6 

0.2+0.2 0.1–1.1 0.2+0.3 0.1–1.1 0.2+0.1 0.1–0.4 

*p<0.05 for two-tailed T-test between fracture and non-fracture subjects 
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Table 4: Descriptive Statistics for Vitamins 

Nutrients 
Total (n=25) Non-Fracture (n=14) Fracture (n=11) 

Mean+SD Min-Max Mean+SD Min-Max Mean+SD Min-Max 

Vitamin A 

(RAE/day) 

658.8+882.9 1.0–4134.2 849.1+1075.6 1.0–
4134.2 

416.5+501.5 31.3–
1753.6 

Vitamin B1 

(mg/day) 

4.6+7.5 0.4–26.4 2.1+1.7 0.7–5.9 7.8+10.5 0.4–26.4 

Vitamin B2 

(mg/day) 

4.6+7.6 0.3–26.5 1.8+1.1 0.5–4.0 8.1+10.6 0.3–26.5 

Vitamin B3 

(mg/day) 

30.1+31.8 6.9–119.9 20.2+11.8 8.6–43.8 42.7+44.0 6.9–119.9 

Vitamin B12 

(µg/day) 

15.7+30.1 0.1–102.5 4.4+3.7 0.1–10.9 30.2+41.7 0.4–102.5 

Vitamin C 

(mg/day) 

109.8+93.4 7.4–399.0 88.4+98.4 7.4–399.0 136.9+83.1 18.2–
314.7 

Vitamin D 

(µg/day) 

3.2+3.7 0.0–12.4 2.4+3.1 0.0–10.1 4.1+4.3 0.0–12.4 

Vitamin E a 

Toco 

(mg/day) 

13.3+20.8 0.2–71.9 6.4+8.4 0.2–31.3 22.1+28.2 0.7–71.9 

Folate 

(µg/day) 

422.8+283.0 93.3–1194.3 486.0+318.3 146.5–
1194.3 

342.3+218.4 93.3–
847.7 

Vitamin K 

(µg/day) 

118.0+219.7 0.3–897.0 132.8+255.6 0.3–897.0 99.1+173.7 6.8–496.6 

RAE = Retinol Activity Equivalents 

 

 

 

 

 

 

 

 

 

 

 

 



 

 17 

Table 5: Descriptive Statistics for Minerals 

Nutrients 
Total (n=25) Non-Fracture (n=14) Fracture (n=11) 

Mean+SD Min-Max Mean + SD Min-Max Mean + SD Min-Max 

Calcium Dietary 

Record 

(mg/day) 

944.5+337.4 363.3–
1577.8 

883.4+323.3 363.3–
1565.8 

1022.2+354.4 475.1–
1577.8 

Calcium Quick 

Assessment 

(mg/day) 

964.6+486.6 421.4–
2450.0 

1049.5+603.1 421.4–
2450.0 

856.5+269.3 464.3–
1235.7 

Total Calcium 

Average 

(mg/day)+ 

954.5+306.8 522.8–
1682.0 

966.5+338.7 522.8–
1682.0 

939.3+276.5 526.8–
1399.6 

Fluoride 

(mg/day) 

0.1+0.1 0.0–0.6 0.1+0.1 0.0–0.6 0.1+0.1 0.0–0.3 

Iron (mg/day) 19.4+12.7 7.5–63.9 22.4+15.8 8.2–63.9 15.7+5.5 7.5–28.1 

Magnesium 

(mg/day) 

164.7+77.9 51.9–
325.0 

166.5+82.3 51.9–
325.0 

162.4+75.8 52.4–
270.9 

Phosphorus 

(mg/day) 

796.2+416.6 218.5–
1830.0 

769.9+358.6 218.5–
1485.1 

829.6+497.1 307.0–
1830.0 

Selenium 

(µg/day) 

75.2+70.0 16.8–
243.2 

44.2+19.1* 16.8–72.8 114.6+90.6* 24.4–
243.2 

Zinc (mg/day) 9.5+6.5 2.0–22.6 8.7+5.9 3.1–19.4 10.5+7.4 2.0–22.6 

*p<0.05 for two-tailed T-test between fracture and non-fracture subjects 

+Total Calcium Average (mg/day) is the average of the dietary record calcium and the 

quick assessment calcium. 

 

 

 Table 6 reports the significant correlations between nutritional factors and the 

presence of back stress fractures. There were no significant correlations between non-

nutritional factors and the presence of back stress fractures. Many nutrients had significant 

correlations for training days, and since there were more training days than non-training 

days in a week, many of the average intakes had significant correlations. Percentages of the 

recommendations for the nutrients were based on the averages, so many of these were 

significantly correlated when the averages were significantly correlated. Folate was the 

only negatively correlated factor and the only nutrient that was significantly correlated on 

non-training days. 
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Table 6: Significant (p<0.05) Correlations Between Lower-Back Stress Fractures and 

Nutritional Factors by Pearson Moment Product Correlation Analysis 

 

Nutrient r p Value 

Energy (kcal) Training 0.521 0.008 

Energy (kcal) Average 0.402 0.046 

Protein (g) Training 0.458 0.021 

Carbohydrates (g) Training 0.435 0.030 

Fat (g) Training 0.494 0.012 

Fat (g) Average 0.455 0.022 

Fat (g) % Recommended 0.445 0.026 

Saturated Fat (g) Training 0.490 0.013 

Saturated Fat (g) Average 0.479 0.015 

Saturated Fat (g) % Recommended 0.465 0.019 

Cholesterol (mg) Training 0.478 0.016 

Vitamin B1 (mg) Training 0.422 0.036 

Vitamin B2 (mg) Training 0.452 0.023 

Vitamin B2 (mg) Average 0.422 0.036 

Vitamin B2 (mg) % Recommended 0.416 0.039 

Vitamin B3 (mg) Training 0.404 0.045 

Vitamin B6 (mg) Training 0.438 0.029 

Vitamin B6 (mg) Average 0.416 0.039 

Vitamin B6 (mg) % Recommended 0.405 0.045 

Vitamin B12 (µg) Training 0.453 0.023 

Vitamin B12 (µg) Average 0.435 0.030 

Vitamin B12 (µg) % Recommended 0.415 0.039 

Folate (µg) Non-Training -0.458 0.021 

Pantothenic Acid (mg) Training 0.406 0.044 

Chromium (µg) Training 0.429 0.033 

Chromium (µg) Average 0.427 0.033 

Chromium (µg) % Recommended 0.418 0.038 

Iodine (µg) Training 0.404 0.045 

Molybdenum (µg) Training 0.424 0.035 

Selenium (µg) Training 0.576 0.003 

Selenium (µg) Average 0.510 0.009 

Selenium (µg) % Recommended 0.470 0.018 

Sodium (mg) Training 0.421 0.036 

 

Table 7 reports the significant correlations between number of bone injuries and 

nutritional factors. Number of bone injuries correlated most to cholesterol and iodine 

intake. However, protein and vitamin D intake also significantly correlated to bone injuries. 
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Calcium total average intake significantly correlated with phosphorus training 

intake (0.554) and average intake (0.444) with p values of 0.004 and 0026, respectively.  

 

Table 7: Significant (p<0.05) Correlations Between Number of Bone Injuries and 

Nutritional Factors 

 

Nutrient r p value 

Protein (g) Average 0.406 0.044 

Protein (g) % Recommended 0.436 0.029 

Cholesterol (mg) Training 0.626 0.001 

Cholesterol (mg) Average 0.527 0.007 

Cholesterol (mg) % Recommended 0.527 0.007 

Vitamin B3 NE (mg) % Recommended 0.412 0.041 

Vitamin C (mg) Non-Training 0.444 0.026 

Vitamin C (mg) % Recommended 0.396 0.049 

Vitamin D (µg) Training 0.408 0.043 

Vitamin D (µg) Average 0.422 0.036 

Pantothenic Acid (mg) Non-Training 0.403 0.046 

Iodine (µg) Non-Training 0.547 0.005 

Iodine (µg) Training 0.516 0.008 

Iodine (µg) Average 0.547 0.005 

Iodine (µg) % Recommended 0.555 0.004 

Molybdenum (µg) % Recommended 0.410 0.042 

Selenium (mg) % Recommended 0.421 0.036 

NE = Niacin Equivalent 

 Tables 8 - 10 report the results from the two-tailed T-tests for the equality of the 

means of the factors influencing back stress fractures. The means of the ratio of bone 

injuries to total injuries were significantly different. Many other nutritional factors were 

significant; however, many factors that had significant correlations did not have significant 

T-test results when equal variances were not assumed. Calcium, phosphorus, fluoride, and 

vitamin D intakes were not statistically significant between fracture and non-fracture 

groups, according to T-test results. 
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Table 8: Two-Tailed T-Tests for Equality of Means for Macronutrients and Injuries 

Variable t df p 

Value 

Mean 

Difference 

Std. Error 

Difference 

95% Confidence 

Interval of the 

Difference 

Lower Upper 

Number of 

Bone Injuries -2.5 15.0 .03 -2.1 0.8 -3.8 -0.3 

Ratio of Bone 

Injuries to Total 

Injuries -4.3 19.8 .00 -0.4 0.1 -0.6 -0.2 

Energy (kcals) 

Training -2.9 19.2 .01 -763.8 267.4 -1322.9 -204.7 

Energy (kcals) 

Average -2.2 23.0 .04 -530.6 244.3 -1036.0 -25.2 

Protein (g) 

Training -2.4 16.5 .03 -33.3 14.2 -63.3 -3.3 

Carbohydrates 

(g) Training -2.3 20.6 .03 -75.7 33.0 -144.4 -6.9 

Fat (g) Training -2.7 19.4 .02 -38.6 14.5 -68.8 -8.3 

Fat (g) Average -2.4 21.3 .02 -31.8 13.0 -58.8 -4.7 

Fat (g) % 

Recommended -2.4 21.4 .03 -36.7 15.4 -68.7 -4.6 

Saturated Fat 

(g) Training -2.7 21.4 .01 -12.9 4.8 -22.8 -2.9 

Saturated Fat 

(g) Average -2.6 22.0 .02 -11.0 4.2 -19.6 -2.3 

Saturated Fat 

(g) % 

Recommended -2.5 21.8 .02 -39.6 15.7 -72.1 -7.0 

Cholesterol 

(mg) Training -2.3 11.0 .04 -210.6 90.2 -409.1 -12.2 

Equal variances not assumed. 
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Table 9: Two-Tailed T-Tests for Equality of Means for Vitamins 

Variable t Df p 

Value 

Mean 

Difference 

Std. Error 

Difference 

95% Confidence 

Interval of the 

Difference 

Lower Upper 

Vitamin A 

(RAE) Non-

Training 2.2 17.7 .04 527.7 240.3 22.1 1033.2 

Vitamin B1 

(mg) Training -2.0 10.4 0.1 -7.0 3.5 -14.8 0.8 

Vitamin B2 

(mg) Training -2.1 10.1 0.1 -7.7 3.6 -15.7 0.3 

Vitamin B2 

(mg) Average -2.0 10.2 0.1 -6.3 3.2 -13.5 0.8 

Vitamin B2 

(mg) % 

Recommended -1.9 10.2 0.1 -654.0 337.6 -1404.2 96.2 

Vitamin B3 

(mg) Training -1.9 10.9 0.1 -28.9 15.3 -62.6 4.7 

Vitamin B6 

(mg) Training -2.1 10.2 0.1 -7.5 3.6 -15.5 0.6 

Vitamin B6 

(mg) Average -1.9 10.2 0.1 -6.2 3.2 -13.4 0.9 

Vitamin B6 

(mg) % 

Recommended -1.9 10.2 0.1 -548.8 292.5 -1198.5 100.8 

Vitamin B12 

(µg) Training -2.1 10.1 0.1 -30.4 14.1 -61.9 1.1 

Vitamin B12 

(µg) Average -2.0 10.1 0.1 -25.8 12.6 -53.9 2.3 

Vitamin B12 

(µg) % 

Recommended -1.9 10.1 0.1 -1179.6 609.8 -2535.7 176.5 

Vitamin D (µg) 

Average -1.1 17.4 0.3 -1.7 1.5 -4.9 1.6 

Folate (µg) 

Non-Training 2.7 17.5 .02 347.5 128.2 77.7 617.3 

Pantothenic 

Acid (mg) 

Training -1.9 10.8 0.1 -14.0 7.3 -30.2 2.2 

RAE = Retinol Activity Equivalents 

Equal variances not assumed. 

 



 

 22 

Table 10: Two-Tailed T-Tests for Equality of Means for Minerals 

Variable t df p 

Value 

Mean 

Difference 

Std. Error 

Difference 

95% Confidence 

Interval of the 

Difference 

Lower Upper 

Calcium (mg) 

Diet Rec. 

Average -1.0 20.6 0.3 -138.7 137.4 -424.8 147.4 

Calcium (mg) 

Quick 

Assessment 1.1 18.9 0.3 193.0 180.5 -184.9 570.9 

Calcium (mg) 

Total Average 0.2 22.9 0.8 27.1 123.0 -227.4 281.7 

Chromium (µg) 

Training -2.0 11.0 0.1 -62.1 30.5 -129.2 5.0 

Chromium (µg) 

Average -2.0 10.6 0.1 -53.9 26.8 -113.1 5.3 

Chromium (µg) 

% 

Recommended -2.0 10.5 0.1 -235.9 120.3 -502.2 30.3 

Fluorine (mg) 

Average -0.2 22.9 0.8 0.0 0.1 -0.1 0.1 

Iodine (µg) 

Training -2.0 14.6 0.1 -50.3 25.4 -104.7 4.0 

Molybdenum 

(µg) Training -2.0 12.4 0.1 -47.0 22.9 -96.8 2.8 

Phosphorus 

(mg) Average -0.3 17.6 0.7 -59.8 177.9 -434.2 314.6 

Selenium (µg) 

Training -3.0 10.5 .01 -97.9 32.6 -170.0 -25.8 

Selenium (µg) 

Average -2.5 10.7 .03 -70.5 27.8 -131.8 -9.1 

Selenium (µg) 

% 

Recommended -2.3 11.0 .04 -135.3 59.2 -265.6 -5.0 

Sodium (mg) 

Training -2.2 21.5 .04 -1374.5 619.0 -2659.8 -89.2 

Equal variances not assumed.  

 Tables 11 - 13 show multiple linear regression models for dependent and 

independent variables. None of the models with one independent variable were 

statistically significant; however, degrees of freedom were very high (df1: 3, df2: 21). When 
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average energy intake, total training hours per week during the summer, and average METs 

per day were combined as independent factors with diagnosis of a lower-back stress 

fracture as the dependent factor and controlled for age and body mass index, the R2 value 

was 0.456 with a standard error of estimate of 0.4199, which was statistically significant 

with a p value of 0.03. The standard error of estimate for average energy intake, total 

training hours per week during the summer, average METs per day are 0.000, 0.039 and 

0.006, respectively. The p value for average energy intake, total training hours per week 

during the summer, average METs per day are 0.005, 0.010, and 0.035, respectively. 
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Table 11: Multiple Linear Regression^ for Back Stress Fractures and Injury as Dependent 

Variables and Nutritional and Non-Nutritional Factors as Independent Variables 

 
Dependent 

Variable 
Independent Variable R2 R2

adjusted SEE Significance 

Back Stress 

Fracture 

Total Training Hours/Week 

(Summer) 
.096 -0.33 .5149 .537 

Energy (kcal) Average .211 .099 .4810 .165 

Protein (g) Average .164 .045 .4951 .277 

Vitamin D (µg) Average .053 -.082 .5270 .759 

Calcium Diet Record (mg) 

Average 
.046 -.090 .5289 .796 

Calcium Quick Assess. (mg) .042 -.095 .5300 .819 

Calcium Total (mg) Average .004 -.138 .5405 .993 

Magnesium (mg) Average .003 -.140 .5409 .996 

Phosphorus (mg) Average .006 -.136 .5400 .989 

Carbohydrates (g) Training .191 .075 .4872 .208 

Vitamin A (RAE) Average .075 -.057 .5210 .644 

Folate (µg) Non-Training .218 .106 .4789 .152 

Iron (mg) Non-Training .127 .003 .5059 .403 

Number of 

Injuries 

Total Training Hours/Week 

(Summer) 
.091 -.039 3.6945 .562 

Energy (kcal) Average .065 -.069 3.7471 .695 

Protein (g) Average .019 -.121 3.8373 .936 

Vitamin D (µg) Average .021 -.119 3.8346 .929 

Calcium Diet Record (mg) 

Average 
.013 -.128 3.8492 .962 

Calcium Quick Assess. (mg) .030 -.109 3.8165 .884 

Calcium Total (mg) Average .028 -.111 3.8212 .896 

Magnesium (mg) Average .027 -.112 3.8229 .900 

Phosphorus (mg) Average .015 -.126 3.8459 .955 

Carbohydrates (g) Training .036 -.101 3.8043 .851 

Vitamin A (RAE) Average .015 -.126 3.8463 .956 

Folate (µg) Non-Training .015 -.126 3.8464 .956 

Iron (mg) Non-Training .054 -.081 3.7687 .754 

SEE = Standard Error of Estimate 

^All models were controlled for age and body mass index, and each independent variable 

was entered in a separate model. 
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Table 12: Multiple Linear Regression^ for Bone Injury and Ratio of Bone Injuries to Total 

Injuries as Dependent Variables and Nutritional and Non-Nutritional Factors as 

Independent Variables 

 

Dependent 

Variable 
Independent Variable R2 

R2 

adjusted 
SEE Significance 

Number of 

Bone 

Injuries 

Total Training Hours/Week 

(Summer) 
.075 -.057 2.2232 .641 

Energy (kcal) Average .124 -.001 2.1634 .415 

Protein (g) Average .174 .056 2.1013 .251 

Vitamin D (µg) Average .211 .099 2.0532 .165 

Calcium Diet Record (mg) 

Average 
.136 .012 2.1493 .372 

Calcium Quick Assess. (mg) .100 -.028 2.1930 .518 

Calcium Total (mg) Average .074 -.059 2.2252 .650 

Magnesium (mg) Average .079 -.052 2.2184 .621 

Phosphorus (mg) Average .100 -.029 2.1932 .519 

Carbohydrates (g) Training .110 -.018 2.1815 .476 

Vitamin A (RAE) Average .075 -.057 2.2236 .643 

Folate (µg) Non-Training .074 -.058 2.2245 .647 

Iron (mg) Non-Training .091 -.039 2.2046 .564 

Ratio of 

Bone 

Injuries to 

Total 

Injuries 

Total Training Hours/Week 

(Summer) 
.097 -.032 0.3187 .533 

Energy (kcal) Average .247 .140 0.2910 .107 

Protein (g) Average .078 -.054 0.3221 .627 

Vitamin D (µg) Average .130 .005 0.3129 .394 

Calcium Diet Record (mg) 

Average 
.041 -.095 0.3284 .823 

Calcium Quick Assess. (mg) .039 -.098 0.3288 .835 

Calcium Total (mg) Average .008 -.133 0.3340 .981 

Magnesium (mg) Average .060 -.074 0.3251 .720 

Phosphorus (mg) Average .006 -.136 0.3344 .987 

Carbohydrates (g) Training .224 .113 0.2954 .141 

Vitamin A (RAE) Average .011 -.130 0.3335 .970 

Folate (µg) Non-Training .029 -.110 0.3306 .891 

Iron (mg) Non-Training .058 -.077 0.3255 .733 

SEE = Standard Error of Estimate 

^All models were controlled for age and body mass index, and each independent variable 

was entered in a separate model. 
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Table 13: Multiple Linear Regression^ for Multiple Factors as Independent Variables 

Dependent 

Variable 
Independent Variables R2 

R2 

adjusted 
SEE Significance 

Back Stress 

Fracture 

Non-Training Iron, Non-Training 

Phosphorus, Non-Training 

Magnesium 

.139 -.088 .5284 .692 

Quick Assessment Calcium, Non-

Training Phosphorus, Non-

Training Magnesium 

.206 -.003 .5073 .451 

Average Energy, Total Training 

Hours/Week (Summer), Average 

METs/Day 

.456 .313 .4199 .030 

Number of 

Injuries 

Non-Training Iron, Non-Training 

Phosphorus, Non-Training 

Magnesium 

.263 .069 3.4985 .285 

Quick Assessment Calcium, Non-

Training Phosphorus, Non-

Training Magnesium 

.050 -.199 3.9700 .958 

Average Energy, Total Training 

Hours/Week (Summer), Average 

METs/Day 

.192 -.021 3.6620 .499 

Number of 

Bone 

Injuries 

Non-Training Iron, Non-Training 

Phosphorus, Non-Training 

Magnesium 

.150 -.073 2.2405 .650 

Quick Assessment Calcium, Non-

Training Phosphorus, Non-

Training Magnesium 

.109 -.125 2.2942 .797 

Average Energy, Total Training 

Hours/Week (Summer), Average 

METs/Day 

.226 .023 2.1379 .387 

Ratio of Bone 

Injuries to 

Total 

Injuries 

Non-Training Iron, Non-Training 

Phosphorus, Non-Training 

Magnesium 

.064 -.183 0.341 .930 

Quick Assessment Calcium, Non-

Training Phosphorus, Non-

Training Magnesium 

.117 -.116 0.331 .771 

Average Energy, Total Training 

Hours/Week (Summer), Average 

METs/Day 

.393 .233 0.275 .070 

SEE = Standard Error of Estimate 

^All models were controlled for age and body mass index. 

 

 As shown in Figure 1, most subjects were diagnosed by a physician between the 

ages of thirteen and fourteen years old. All were diagnosed while training on levels seven, 
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eight, nine, or ten. The diagnosis at ten years of age occurred while training on level seven. 

Two subjects diagnosed at age thirteen were training on level eight, and one was training 

on level seven. All of the subjects diagnosed after age thirteen were training on level nine, 

except one subject diagnosed at fourteen that was training on level ten. Nine out of the 

eleven subjects were prescribed three to twenty weeks of physical therapy for their 

fracture. Seven out of the eleven subjects were asked to wear a back brace until they 

recovered. Length of required time off from training ranged from three weeks to five 

months or until no pain was present. Five subjects were still experiencing pain at the time 

of the survey collection, but only four subjects were still receiving treatment. 

 Two out of the eleven back stress fracture subjects were also participating in other 

sports besides gymnastics. Both were training for those sports ten hours or less per week. 

One subject was swimming, and the other was pole vaulting. Five out of the fourteen 

subjects without back stress fractures were also participating in other sports besides 

gymnastics. Those sports included cheerleading, tennis, running, swimming, and diving and 

required training one and a half to ten hours per week. 
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Figure 1: Age of Diagnosis for Subjects with Back Stress Fractures 

 

*One subject was diagnosed twice, once at age 14 and once at age 15, which is why the total 

number of subjects in the graph is twelve, instead of eleven. 

 

 

 Figure 2 shows that five out of the fourteen subjects (ages thirteen to eighteen) 

without back stress fractures had not reached menarche. Four out of the remaining nine 

subjects that had reached menarche had regular periods, and three had irregular periods, 

including one subject who had only had her period once. None of the subjects without back 

stress fractures were on oral contraceptives. 

Only one out of the eleven subjects (age fifteen) with back stress fractures had not 

reached menarche. Five out of the remaining ten had regular periods, and the other five 

had irregular periods, including one subject who had only had her period once. One subject 

had previously been on birth control for one year for medical reasons. At the time of survey 

collection, none of the subjects were on oral contraceptives. 

Age (in Years) 
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Figure 2: Age of Menarche 

 

*N/A signifies that the subjects had not experienced menarche yet. 

 

 

DISCUSSION 

 The purpose of this study was to find differences in nutrition, menstruation, and 

training factors between thirteen- to eighteen-year-old gymnasts with and without 

histories of lower-back stress fractures. Our results point to some factors that may have 

attributed to the gymnasts’ lower back stress fractures or lack thereof. 
 Eight nutrients were significantly different on training days, including total energy 

intake, protein, fat, carbohydrates, and sodium. For all eight of these nutritional factors, 

gymnasts without back stress fractures were eating less than gymnasts with back stress 

fractures. Both groups were consuming more protein than the RDA, and the fracture group 

Age (in Years) 

Number 

of 

Subjects 
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was consuming double the RDA. Vitamin A and folate were significantly different between 

the groups on non-training days. The gymnasts without back stress fractures had 

significantly greater intakes of these two nutrients than those with back stress fractures. 

There were no significant differences in calcium intake according to the diet record. 

However, the non-fracture group reported consuming less calcium on their calcium quick 

assessments compared to actual consumption analyzed through their diet records. 

Furthermore, the fracture group reported consuming more calcium on their calcium quick 

assessments than they were actually consuming according to their diet records. Fluoride 

and phosphorus intakes were not significantly different either. Both groups were 

consuming less calcium, phosphorous, and vitamin D on average than the RDA and less 

fluoride on average than the AI. However, the fracture group was consuming nearly twice 

as much vitamin D on average as the non-fracture group. 

These results did not confirm our hypothesis. Several reasons may have contributed 

to that. Dietary assessments were taken after the injury had already occurred. The 

gymnasts with lower-back stress fractures may have changed their eating behaviors after 

their diagnosis. Some of the gymnasts may have had more time to eat well-balanced, varied 

meals because they were not training as often or as hard while their fracture was healing. The gymnasts’ stress fractures may also have caused them to focus more on their 
nutritional intake, so they changed the way they were eating to help their fracture heal and 

prevent further fractures.  Examining the diets of these gymnasts prior to their fracture 

may have revealed different results.  

 Several nutrient intakes were also positively correlated with the number of bone 

injuries of the gymnasts. Protein, cholesterol, and selenium were three of the nutrients that 
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were also significantly different between the groups of gymnasts on training days and were 

positively related to the fractures. This result may have occurred because the gymnasts 

that consume more protein-rich foods fill up on these foods and therefore, are no longer 

hungry for more calcium-rich foods, which would negatively affect bone strength. 

 The gymnasts that had lower back stress fractures also had significantly more bone 

injuries and greater bone injuries to total injuries ratios, even though the total number of 

injuries was not significantly different. This result is the opposite than expected, since this 

group was taking in more energy and protein and did not have significantly different intake 

levels of calcium, phosphorus, or fluoride. An increased number of bone injuries in the 

facture group may indicate a lower bone mineral density, leading to an increased risk of 

fracture. 

 The training elements tested were not significantly different between groups, 

including training ages, practice times, and high impact training days. However, a 

regression model with average energy intake, total training hours per week during the 

summer, and average METs per day as independent factors and diagnosis of a lower back 

stress fracture as the dependent factor was statistically significant, suggesting that possibly 

these three independent factors combined may contribute to the occurrence of a lower-

back stress fracture. This may be accurate because increased training hours per week and 

average METs per day would require an increase in energy intake. If the energy intake decreases, remains stable, or does not increase enough, over time, the gymnasts’ bodies 
may not have all of the nutrients needed to maintain bone strength, repair muscle damage, 

and adequately fuel exercise, which would lead to an increased risk of injury, especially in 

areas of the body that are constantly experiencing stress. 
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 Results from the menstruation survey show differences between the groups of 

gymnasts. Gymnasts with lower back stress fractures experienced menarche closer to 

thirteen years of age, whereas gymnasts without lower-back stress fractures were less 

likely to have experienced menarche, even though average age of the gymnasts was not 

statistically significant. According to a recent study (17), the average age of menarche is 

144 months (12 years) for African Americans and 150 months (12.5 years) for Caucasians, 

which is earlier than the average age of menarche for these gymnasts. This difference could 

be caused by low body fat percentages.  

While the average BMI, for these gymnasts, falls into the normal classification, the gymnasts’ BM)s may not accurately reflect their body fat percentage. Gymnasts build a lot 
of muscle while training, especially while training more difficult skills. This increase in 

muscle along with a high amount of energy expenditure from their numerous hours of 

training and a normal energy intake may cause a low body fat percentage, a lot of muscle, 

and a normal weight and BMI. Therefore, the BMIs of these gymnasts may actually be 

skewed toward normal, so body fat percentage would be a better measurement to compare 

to menarche. Frisch (18) found that a body fat percentage of 17% was required to reach 

menarche, so a low body fat percentage in these gymnasts would explain why many have 

not reached menarche or reached menarche later than the average. Late menarche has 

been linked to decreased bone mineral density (BMD), possibly related to decreased 

estrogen (19). Low BMD increases the risk of fractures. The gymnasts with lower back 

stress fractures were more likely to be diagnosed at thirteen or fourteen, around the time 

when they were experiencing menarche. This injury could be linked to low body fat 

percentage resulting in late menarche, causing low BMD. 
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 Even though the fracture group would have been expected to be at greater risk for 

female athlete triad because of their increased number of bone injuries, this group was 

consuming more amounts of several nutrients, had greater overall energy intake, and had 

more gymnasts that had experienced menarche than the non-fracture group. Therefore, 

differences in bone injuries and lower-back stress fracture status do not appear to be 

linked to female athlete triad but may still be linked to nutrition and menstruation status. 

 A study by Steele and White (20) that tested for injury risk factors found different 

results; they found that age, weight, and BMI were significant predictors of high injury risk. 

Older, shorter, heavier, and less muscular gymnasts were more prone to injury. Steele and White’s study also found that hyperlordosis in the gymnasts significantly increased their 
risk back injury. However, their study did not test nutrition, training patterns, or 

menstruation patterns, so these elements were not included in their risk factor 

assessments. 

 Also unlike the current study, Field, et. al. (21) studied the risk of developing a stress 

fracture in preadolescent and adolescent girls and found differing results. In their study, 

girls who reached menarche later were more like to incur a stress fracture. Girls who 

engaged in at least eight hours of activity per week, especially high impact activity, were 

also more likely to develop stress fractures. Weight and eating patterns were not 

associated with increased stress fracture risk. However, mean age in their study was 12.0 + 

1.6 years, and fracture locations were not recorded. Only a small percentage of the subjects 

were gymnasts, and gymnasts that were studied were grouped with cheerleaders. Exact 

statistics on gymnasts were not reported. 
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 There are several limitations to this study. Since this was a pilot study, the sample 

size was small. Diet records were self reported, which may mean that they could have been 

a source of error. The diet records, activity levels, and training patterns also reflect current 

status, but some of the subjects incurred a lower-back stress fracture within a few months 

of the data collection. This means that their eating and training patterns could have 

changed since their lower-back stress fracture occurred, and each gymnast may have eaten 

differently when they were younger as well. The gymnasts knew that their diet records 

were going to be analyzed by the researcher and possibly looked at by their parents or 

guardians as they were filling them out. If the gymnasts were afraid of appearing to eat too 

much, they may have neglected to report certain foods that they ate. This may have been 

especially true in some of the gymnasts who were weight conscious. If the gymnasts were 

purposefully restricting their intake without their parents’ knowledge, they may have 
added foods to their diet log to hide their actual intakes. While the activity log provided one 

method of calculating average METs per day, it is difficult to determine the exact METs per 

day of each gymnast because some gymnasts were still on summer break when the surveys 

were collected, and others were in school. This may have impacted the number of active 

minutes in each day. Also, the numerous styles of training programs of each gymnastics 

center throughout the year may influence the number of METs per day. Because of the time 

and funding restrictions of this study, dual-energy x-ray absorptiometry (DXA) could not be 

used to analyze bone mineral density. 

 Future research could direct attention to a wide variety of topics, including further 

investigation into the results from this study and testing other factors. More testing with a 

larger sample of subjects may reveal more significant results than discussed in this study 
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or confirm significant results from this study. A longitudinal study to examine nutritional 

intake and changes after lower-back stress fractures may provide more significant results. To prevent examining current habits’ relationships to previous lower-back stress fractures, 

gymnasts with lower-back stress fractures should be studied immediately after diagnosis. 

Menstruation patterns appear to need further analysis in relation to bone injuries and 

lower-back stress fractures. Other factors that may need to be tested include body fat 

percentage, bone mineral density, methods of training (use of ankle and wrist weights 

while tumbling or training, etc.), posture, strength, flexibility, and forces generated during 

skills, especially those that involve putting stress on the lower back. Additional research 

may contribute more knowledge on lower-back stress fractures in female, high school-aged 

gymnasts that would be beneficial to gymnasts, coaches, parents, and those in medical 

professions. 
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APPENDIX A: DIET RECORD 

 
 

Date: ___________________ 

 

Choose three typical days (2 training days and 1 non-training day) – NOT necessarily 

consecutive. Try to eat the way you usually do while you are keeping the food record. 

Please follow the instructions below as carefully as you can.  

If you have questions, please call: 678-481-4364 or email: apr10@my.fsu.edu 

 

INSTRUCTIONS FOR COMPLETING THE FOOD RECORD: 

1. Record all the food you eat or drink for each day you select. Most people find it 

helpful to do this as soon after the meal or snack as they can. 

2. Write only 1 food item on a line. 

Describe the type of food eaten as clearly as you can. Use the samples provided on page 3 

as a guide. 

  List ingredients to help describe any unusual casserole or salad. 

  Indicate whether the food is canned fresh, frozen or diet. 

List the brand manes of foods if you know them. 

3. Describe the amounts of food you eat and drink as clearly as you can. Use the 

following examples as a guide. 

  Liquid - List as *cup, parts of cups, or fluid ounces – 1cup = 8 oz 

Meat, fish, cheese, egg - List in ounces, by number, or size. Specify if the 

amount given is in cooked or raw weight. 

 Example:  Chicken drumstick  Baked, no skin  1 medium 

         Lean ground beef patty Broiled   ¼ lb, raw 

         Cheddar cheese  Kraft    slice X X /  

Fruits - List as *cup, parts of cups, or by number -- 1cup = 8 oz Include 

the size (diameter and/or length) of fresh fruits. 

 Example:  Banana    1 small (6 in. long) 
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  Vegetables - List as *cup, parts of cups, or by number. 1cup = 8 oz 

  

 Example:  Green Beans   DelMonte  ½ cup 

 

  Bread, Rolls, Crackers -- List by number or size. 

 

 Example:  Whole wheat bread   WonderBread  1 slice 

          Triscuits    Nabisco  4 

 

  

 Cereal, Rice, Noodles, Potato -List by cups, parts of cups, or number 

1cup=8oz 

  Example:  Spaghetti    Cooked  1 cup 

  Pancakes, Waffles- List by number or size. 

 Example:  Betty Crocker       

          Buttermilk Mix       diameter  

 

  Fats 
Margarine, butter -- List by teaspoons, tablespoons, or pats. 

   

Salad dressing, cream, cooking oil, gravy – List by teaspoons, tablespoons, 

or pats. 

 

  Bacon, sausage -- list by number of slices or links. 

 

Sweets: 

  Jam, jelly, honey, sugar, syrup -- list by teaspoons, tablespoons. 

  Candy -- list number and size of bar or pieces. 

Desserts: 

  Jell-O, puddings, ice cream -- List as cups or parts of cups. 

  Cookies -- list by number and size. 

  Pie, cake -- list by number and size (length and width at longest end). 

 Example:  Cookie, choc. Chip  Mrs. Fields    ½  diam.  

         Strawberry ice cream cone Hagen Daze  1 scoop, sugar cone 
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         Chocolate cake with         

            chocolate icing   Homemade  /  of  layer cake 

 

4. Describe how the food was prepared. For example: baked, broiled, fired, raw, 

scrambled or other. Include butter, margarine, oil, sauces, dressings, gravies, dessert 

topping added in cooking or at the table. 

 

5. Eating out: Give the name of the restaurant so that we may call for more 

information if necessary. Describe the food items eaten as carefully as you can. 

 

Example:  Pizza Hut Pizza,  Sausage & cheese,  1 slice of medium X   McDonald’s   Quarterpounder with cheese. 

 

6. Remember to list everything you eat or drink including gum, cough drops, 

pickles, catsup, and tartar sauce. 

 

7. If you take a vitamin-mineral supplement please write down how much you take 

and the brand name (or bring the package label with you to your appointment) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

SAMPLE OF FOOD RECORD 

TIME KIND OF FOOD HOW PREPARED OR BRAND NAME AMOUNT OR SIZE OF SERVING 
7: 30 a.m. Cheerios Kelloggs 1 cup 

 2% milk Lucerne 12ounce 

 Banana  ½ small 

    

12:00 p.m. Turkey Sandwich   

 Bread Orowheat, Wheatberry 2 slices 

 Turkey Breast Hormel 3 slices 

 Diet Mayonnaise Kraft 1 tbsp 

 Lettuce  1 leaf 

 Tomato  2 slices 

    

 Fruit roll Grape flavor 1 ounce (wrapper provided) 

 Apple juice  1box (       oz) 

    

3:45 p.m. String cheese Lucerne 1 ½ ounce 

 Tab  12 ounces 

 Corn chips Frito-Lay 1 pkg. (1 ½ oz) 

    

6:30p.m. Spaghetti Mom’s 1 cup (cooked) 

 Tomato meat sauce  ¾ cup 

 String beans Standby 1/3 cup 

 Lettuce Iceberg 1 cup 

 Tomato  ½ small 

 French dressing Kraft diet 1 tbsp 

 2% Milk Lucerne 1 cup 

    

8: 30 p.m. Ice cream Lucerne, Strawberry ½ cup 
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DATE:___________________ 

TIME KIND OF FOOD HOW PREPARED OR BRAND NAME AMOUNT OR SIZE OF SERVING 
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DATE:___________________ 

TIME KIND OF FOOD HOW PREPARED OR BRAND NAME AMOUNT OR SIZE OF SERVING 
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DATE:___________________ 

TIME KIND OF FOOD HOW PREPARED OR BRAND NAME AMOUNT OR SIZE OF SERVING 
    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

 

 



 

 

APPENDIX B: CALCIUM QUICK ASSESSMENT 

 

Date:_________________ 

ESTIMATE OF DAILY DIETARY CALCIUM INTAKE 

Please fill out the following diagram to the best of your ability. If you have any questions, 

please contact Amanda Ramon at 678-481-4364 or apr10@my.fsu.edu. 

 
Products No. of servings        Total 

servings 

Calcium content 

(mg) 

Calcium (mg) 

 Per day OR       Per week                  

Milk (8oz) 
       

   

Yogurt (6oz)  
     

   

Cheese (1oz)  
     

   

   Total Dairy Calcium  

 
+250 

   Total Calcium (mg)  

 

 

 

 

 

 / 7= 

 / 7= 

 / 7= 

X    300   = 

X    300   = 

X    200   = 
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APPENDIX C: PHYSICAL ACTIVITY LOG (14) 

 

Date: _____________________ 

 

Please record your activities for 2 typical days (1 training day and 1 non-training 

day). 

If you have questions, please call: 678-481-4364 or email: apr10@my.fsu.edu 

Activities List 

             

             

1. Sleeping; Resting in bed 

 

2. Sitting; eating, listening, writing, watching TV 

 

3. Light activity: standing, washing, cooking, brushing, 

combing 

 

4. Slow walk (<2.5 miles/hour), driving, dressing, 

showering, etc. 

 

5. Light manual work: floor sweeping, window washing, 

painting, waiting on tables, nurses aide chores, several 

house chores, walking at 2.5 to 3.7 miles/hour 

 

6. Leisure activities and sports in a recreational 

environment: baseball, golf, volleyball, canoeing or 

rowing, archery bowling, cycling (< 2.6 miles/hour), 

table tennis, recreational ball games  

 

Categorical Value                                  Examples of activities 



 

 48 

7. Manual work at moderate pace: loading and unloading 

 

8. Leisure and sport activities of higher intensity (not 

competitive): Canoeing (3.1 to 5.0 miles/hour), bicycling 

(>9.3 miles/hour), dancing, skiing, badminton, 

swimming, tennis, horse backing riding, walking (>3.7 

miles/hour), fitness, exercises, calisthenics, water skiing, 

gymnastics 

 

9. Intense manual work, high intensity sport activities or 

sport competition: carrying heavy loads, jogging or 

running (>5.5 miles/hour), racquetball, badminton, 

swimming, tennis, cross country skiing (>5.0 

miles/hour), hiking and mountain climbing, 

orienteering, soccer, European handball water-polo. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

EXAMPLE 

 

Write in the space provided the 

categorical value that corresponds best 

to the dominant activity of each 15-

minute periods. Please, consult the 

activity card to establish the proper 

coding. In case of doubt, make a note and 

raise the problem during the interview.  

 

      

      

      

  

 

   

 

 

 

 

 

 

 

 

Hour\Minut 0-15 16-30 31-45 46-60 

MidNight 

g 

2 2 2 1 

1 1 1 1 1 

2 1 1 1 1 

3 1 1 1 1 

4 1 1 1 1 

5 1 1 1 1 

6 1 1 1 1 

7 1 1 1 1 

8 1 1 1 1 

9 3 4 3 4 

10 5 5 5 5 

11 5 5 5 5 

Noon 5 5 5 2 

13 2 2 5 5 

14 5 5 5 5 

15 5 5 2 2 

16 2 2 2 2 

17 2 2 4 2 

18 2 2 4 4 

19 2 2 2 2 

20 2 2 2 2 

21 8 8 8 4 

22 4 4 2 2 

23 2 2 2 1 

Summary: 1=34  4=8 7=0 

       2=30 5=19 8=3 

       3=2 6=0 9=0 

Daily energy expenditure record 
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DATE:___________________ 

 

Write in the space provided the categorical value that corresponds best to the dominant 

activity of each 15-minute periods. Please, consult the activity card to establish the proper 

coding. In case of doubt, make a note and raise the problem during the interview.  

 

Summary:  

 

1=   4=  7= 

2=  5=  8= 

3=  6=  9= 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Hour\Minut 0-15 16-30 31-45 46-60 

MidNight 

g 

    

1     

2     

3     

4     

5     

6     

7     

8     

9     

10     

11     

Noon     

13     

14     

15     

16     

17     

18     

19     

20     

21     

22     

23     



 

 

DATE:___________________ 

 

Write in the space provided the categorical value that corresponds best to the dominant 

activity of each 15-minute periods. Please, consult the activity card to establish the proper 

coding. In case of doubt, make a note and raise the problem during the interview. 

 

Summary:  

 

1=   4=  7= 

2=  5=  8= 

3=  6=  9= 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Hour\Minut 0-15 16-30 31-45 46-60 

MidNight 

g 

    

1     

2     

3     

4     

5     

6     

7     

8     

9     

10     

11     

Noon     

13     

14     

15     

16     

17     

18     

19     

20     

21     

22     

23     
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APPENDIX D: GYMNASTICS TRAINING QUESTIONNAIRE 

 
 

Date:_________________ 

 

Please answer the following questions to the best of your ability. Training days refer 

to days that you have gymnastics practice. Competitive gymnastics includes any 

training that requires you to register with USAG. Recreational gymnastics includes 

classes that do not require you to register with USAG. If you have questions, please 

call: 678-481-4364 or email apr10@my.fsu.edu. 

 

1. Date of Birth: _____/_____/__________ 

 

2. Height: ____________________ cm 

 

3. Weight: ____________________ lbs. 

 

4. What is your race/ethnicity? (Circle one) 

 

 - Black/African American 

 - Native Hawaiian or other Pacific Islander 

 - Native American or Alaskan Native 

 - White/Caucasian 

 - Hispanic or Latino 

 - Asian 

 - Other: ______________________ 

 - Prefer Not to Answer 

 

5. What level did you compete for the 2012 – 2013 season? (Circle one) 

 a. Level : 7 8 9 10 

 b. Elite:  Junior  Senior 

 c. X-cel: Gold  Platinum 

 

6. What age did you start recreational gymnastics classes? _______ 

 

7. What age did you start competitive gymnastics? ________ 

 

a. What was the first level you competed? _________ 
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8. How many days per week do you train DURING THE SUMMER? ________ 

 

a. What days do you train during the summer? (Circle all that apply.) 
Sunday  Monday Tuesday Wednesday Thursday Friday       Saturday 

 

9. How many days per week do you train DURING THE SCHOOL YEAR? ________ 

 

a. What days do you train during the school year? (Circle all that apply.) 
Sunday  Monday Tuesday Wednesday Thursday Friday        Saturday 

 

10. How many TOTAL hours do you train each WEEK DURING THE SUMMER? ____ 

 

11. How many hours do you train each day DURING THE SUMMER? 

_____ Sunday 

_____ Monday 

_____ Tuesday 

_____ Wednesday 

_____ Thursday 

_____ Friday 

_____ Saturday 

 

 

12. How many hours do you train each day DURING THE SCHOOL YEAR? 

_____ Sunday 

_____ Monday 

_____ Tuesday 

_____ Wednesday 

_____ Thursday 

_____ Friday 

_____ Saturday 

 

1 . How many days per week do you do full routines… 

 

 a. During SUMMER? _____ 

 b. During the school year when you are NOT IN COMPETITION SEASON? _____ 

 c. During COMPETITION SEASON? ______ 

 

 

1 . Hard landings  are considered any dismount, tumbling pass, or vault that you do 
NOT land on a resi mat, on a trampoline, or in the pit. How many days per week do 

you train hard landings 

 

 a. During SUMMER? _____ 

 b. During the school year when you are NOT IN COMPETITION SEASON? _____ 

 c. During COMPETITION SEASON? ______ 
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15. Please list all of the injuries you have experienced during gymnastics practices 

and competitions and the age and level that you experienced these injuries.  

 

 

 Injury: _________________________________ Age: _______  Level: ______ 

 

Injury: _________________________________ Age: _______  Level: ______ 

 

 Injury: _________________________________ Age: _______  Level: ______ 

 

 Injury: _________________________________ Age: _______  Level: ______ 

 

 Injury: _________________________________ Age: _______  Level: ______ 

 

 Injury: _________________________________ Age: _______  Level: ______ 

 

 Injury: _________________________________ Age: _______  Level: ______ 

 

 Injury: _________________________________ Age: _______  Level: ______ 

 

 Injury: _________________________________ Age: _______  Level: ______ 

 

 Injury: _________________________________ Age: _______  Level: ______ 

 

 Injury: _________________________________ Age: _______  Level: ______ 

 

Injury: _________________________________ Age: _______  Level: ______ 

 

Injury: _________________________________ Age: _______  Level: ______ 

 

 Injury: _________________________________ Age: _______  Level: ______ 

 

 Injury: _________________________________ Age: _______  Level: ______ 

 

 Injury: _________________________________ Age: _______  Level: ______ 

 

 Injury: _________________________________ Age: _______  Level: ______ 

 

 Injury: _________________________________ Age: _______  Level: ______ 

 

 

16. Do you do any other sports besides gymnastics? Yes No 

 

a. If yes, please list the other sports that you participate in and how many 

hours, on average, do you participate in them per week? 
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Sport: __________________________  Hours Per Week: ________ 

 

Sport: __________________________  Hours Per Week: ________ 

 

Sport: __________________________  Hours Per Week: ________ 
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APPENDIX E: BACK STRESS FRACTURE QUESTIONNAIRE 

 
 

Date: _______________________ 

 

Please answer the following questions to the best of your ability. If you have 

questions, please call: 678-481-4364 or email apr10@my.fsu.edu. 

 

1. Date of diagnosis: _____/_____/_________ 

 

2. What was the name of the doctor who diagnosed your back stress fracture? 

_____________________________________ 

 

3. How old were you when you were diagnosed with a back stress fracture? ______ 

 

4. What level were you training when you were diagnosed with a back stress 

fracture? _________________________ 

 

5. How long did the doctor tell you to stop training for? _____________ 

 

6. How was your back stress fracture treated (ex. back brace, physical therapy, 

etc.)?  

_________________________________________________________________________________________________

_________________________________________________________________________________________________

_________________________________________________________________________________________________

_________________________________________________________________________________________________ 

 

7. If physical therapy was part of your treatment: 

 

a. How many days per week did you go to physical therapy? ____________ 

b. How many weeks did you go to physical therapy? _____________ 

 

8. Are you still receiving treatment for your back stress fracture? 

 

(Circle one)  Yes  No 

 

9. Do you currently experience back pain related to your back stress fracture?  

 

(Circle one)   Yes  No 
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APPENDIX F: MENSTRUATION QUESTIONNAIRE 

 
 

Date: _____________________ 

 

Please answer the following questions to the best of your ability. If you have 

questions, please call: 678-481-4364 or email apr10@my.fsu.edu. 

 

1. Age of first period: _______________ 

 

2. Is your period regular? (Circle one) Yes  No 

 

3. Average number of days between periods: ______________ 

 

4. Total number of days on period: __________________ 

 

5. What is the best way to describe the flow of your period on average?  

 

(Circle one)  Light   Medium  Heavy 

 

6. Do you have spotting between periods? (Circle one)   Yes  No 

 

7. Are you on birth control? (Circle one)  Yes  No 

 

a. If yes, what birth control are you using? _______________________________________ 
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