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Worksheet: stress fractures in young runners
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Abstract (truncated)

PURPOSE: Adolescent females and males participating in running represent a population at high risk of stress fracture. Few investigators have evaluated risk factors for prospective stress fracture in this population.
METHODS: To better characterize risk factors for and incidence of stress fractures in this population, we collected baseline risk factor data on 748 competitive high school runners (442 girls and 306 boys) using an online survey. We then followed them prospectively for the development of stress fractures for a mean ± SD of 2.3 ± 1.2 total seasons of cross-country and track and field; follow-up data were available for 428 girls and 273 boys.
RESULTS: We identified prospective stress fractures in 5.4% of girls (n = 23) and 4.0% of boys (n = 11). Tibial stress fractures were most common in girls, and the metatarsus was most frequently fractured in boys. Multivariate regression* identified four independent risk factors….

*Multivariate regression:
· A regression is an analysis of how one variable (say, y) can be predicted from another variable (say, x).  
· The usual form of a linear regression is y = mx + b, where m is the slope and b is the y-intercept.
· Multivariate regression uses multiple variables (which could be shown as multiple x’s) to predict another variable. It could take a form like y = m1x1 + m2x2 + m3x3 + b.  This type of analysis is appropriate for variables like the likelihood of developing a stress fracture, which may depends on several other variables.

1. List at least 2 possible risk factors that might make an adolescent runner more likely to get a stress fracture.



2. What does “mean ± SD” mean?


3. Where did most stress fractures occur? Point out where these bones are in the body.  Do these seem like expected or surprising locations for runners to have stress fractures?  Briefly explain. 




Table 1: Baseline characteristics and percent risk factors in male and female adolescent runners with or without prospective stress fracture injury.
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4. What is the meaning of the P values (0.00 to 1.00)?



5. Did the researchers consider the risk factors you listed in question #1?


	Table 2: Unadjusted and adjusted hazard ratios and 95% confidence intervals for various predictors and stress fracture risk in female runners.  “Fracture history” refers to whether each person has previously had a stress fracture.

6. What are late menarche and amenorrhea?
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7. What is a hazard ratio?  What is the range of possible values?





8. How do the univariate models differ from the multivariate model?  (Hint: uni = 1; multi = more than 1.)  Why do some of the possible risk factors become non-significant in the multivariate model?






9. Why might there be a hazard ratio above 1 for calcium supplementation? 





	Table 4: Unadjusted and adjusted hazard ratios and 95% confidence intervals for prospective stress fracture risk in male runners.
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Analysis

10. Why might participation in dance or gymnastics be associated with increased risk for girls, while participation in basketball is associated with decreased risk for boys?



[bookmark: _GoBack]

11. Based on this study and your knowledge of anatomy and physiology, what 3-4 pieces of advice would you give to a female high school runner who wants to avoid stress fractures?
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Variable Univariate Multivariate Model

Fracture history 6.54 (2.63-16.25) 5.83 (2.32-14.67)
Previous participation in dance 4.21 (1.66-10.69) 3.13 (1.20-8.15)
or gymnastics
Lean (BMI < 19 kg:m 2 2.76 (1.18-6.46) 2,67 (1.11-6.41)
Late menarche (15 yr or older) 3.90 (1.64-9.31) 2.49 (1.01-6.17)
Current amenorrhea 1.96 (0.84-4.54) -
No. periods in the previous year, 0.89 (0.80-0.98) —
per additional period
Prior diagnosis of anorexia 5.34 (1.24-22.96) -
or bulimia
Previous participation in tennis? 3.04 (1.26-7.33) —
High mileage (>32 km-wk ") 2.32 (1.02-5.27) -
Mile time, per 10 s faster 1.09 (0.98-1.19) -
Any calcium supplementation 2.86 (1.24-6.58) —_

“Tennis participation was associated with prior participation in prior gymnastics or
dance participation and was not significantly associated with prospective stress fracture
in the multivariate
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Variable

Univariate

Multivariate Model

Fracture history

Previous participation in basketball

Seasons of competition during
follow-up

Plyometrics

Mileage, per additional 10 km of
running per week

Mile time, per 10 s faster

Height, per additional inch

7.29 (1.93-27.5)
0.19 (0.05-0.70)
2.37 (1.10-5.11)

2.93 (0.89-9.63)
1.16 (0.97-1.39)

1.13 (0.95-1.33)
1.14 (0.95-1.37)

5.73 (1.52-21.67)
0.18 (0.05-0.69)
2.35 (1.12-5.00)
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Girls with Stress Girls without Stress Boys with Stress Boys without Stress

Fracture (7=23)°  Fracture (n = 405)° P Fracture (n=11)°  Fracture (7 = 262)° P
Age (yr) 156 +12 153+ 1.1 0.318 155+ 1.0 154 £1.2 0.932
Height (cm) 1610+ 538 1640 + 6.9 0.043 177.0 £ 10.1 1734 +82 0.159
Weight (kg) 48.6 + 4.8 539+75 0.001 61.6 + 125 60.4 +10.2 0.6%
BMI 187+15 200+25 0.013 195+18 200 +28 0518
Race 0.71 024
Caucasian 74 59 73 49
Asian/Pacific Islander 26 29 9 37
Hispanic 0 6 18 8
Multiracial/other 0 5 0 6
Running and training history
Age started running competitively (yr) 136 +1.7 129422 0.160 12321 133 +21 0.109
Average distance per week, past year (km) 279 +19.2 2194174 0.111 345+ 26.8 25514183 0.297
Running greater than 32 km-wk ™" 48 23 0.006 33 0.516
Distance run on pavement (% of total kmwk™") 60 53 0.184 53 0.557
Distance run on hills (% of total kmwk ™) 33 38 0.324 36 0.847
Best performance in mile (min:s)® 6:07 + 0:54 6:36 + 0:54 0.020 5:38 + 0:44 0.161
Best performance in 5000 m (min:s)” 20:43 + 1:49 22:23 + 2:37 0.013 19:36 + 2:22 0.111
Weight lifting 30 44 0.211 46 0.962
Plyometrics 43 37 0.557 3 0.184
Core conditioning 65 64 0.902 51 0.403
Cross-training 78 80 0.790 76 1.000
Sports participation®
Baseball 17 14 0.547 27 37 0761
Basketball 61 59 0.824 27 66 0.019
Dance 61 32 0.004 0 2 1.000
Football 0 <1 1.000 0 13 0371
Gymnastics 57 22 <0.001 0 4 1.000
Soccer 61 63 0.859 73 70 1.000
Swimming 39 29 0.307 36 31 0.742
Tennis 35 17 0.049 9 18 0.695
Volleyball 30 32 0.849 0 10 0.607
Injury history
Previous history of fracture 30 7 0.001 27 5 0.017
Previous tibial stress injury 43 41 0.832 46 34 0.520
Previous sprained ankle 35 33 0.828 0 30 0.037
Previous patellofemoral pain 35 20 0.113 9 16 1.000
Previous iliotibial band syndrome 17 6 0.068 9 5 0.421
Previous Achilles tendonitis 9 9 1.000 0 6 1.000
Previous plantar fasciitis 0 5 0.618 9 3 0.284
Eating attitudes and behaviors
Prior diagnosis of eating disorder 9 1 0.064 0 <1 1.000
EDI score (max = 69)" 51:66 94 +114 0.139 — — —
Attempted to lose weight, healthy? -_— -_— -_— 36 65 0.293
Attempted to lose weight, unhealthy? -_— -_ -_— 9 18 0.666
Prior dieting, skip meals to lose weight 22 23 0.850 9 8 1.000
Answered yes to “Do you feel that being thinner 48 59 0.279 73 58 0.534
helps you run faster?”
Vegetarian diet 9 9 1.000 0 5 1.000
Cups of milk (servings per day) 12413 15412 0.130 23416 19114 0374
Other dairy foods (servings per day) 16+13 13411 0.180 14411 13410 0.799
Other calcium-rich foods (servings per day) 11+10 09+10 0.481 12+14 09+09 0.478
Calcium supplement or multivitamin with calcium 57 28 0.004 18 20 1.000
Caffeine intake from coffee or soda (mgd ™) 27+ 55 39492 0.221 14416 32174 0.582
Menstrual history”
Late menarche (=15 yr) 35 9 0.0015 — = s
Age at menarche (yr) 134415 126+ 1.3 0.010 — 5 5
No. periods in the past 12 months. 6.9 +47 93+34 0.010 -_ -_ -_—
Current amenorrhea 43 22 0.017 = — =
Use of oral contraceptive pill 5 5 1.000 = = =

"Baseline characteristics are presented as mean + SD, and the percentage of population with a given risk factor is presented as a numerical value.

%P value derived from ttest, Wilcoxon rank sum test, x> test, or Fisher's exact test between cohort with prospective stress fracture and those who did not fracture.

“Mile times available for n = 387 girls (20 with prospective stress fractures, 367 without prospective stress fractures) and 7 = 251 boys (11 with prospective stress fractures, 240 without
prospective stress fractures).

%5000 m times available for n = 296 girls (16 with prospective stress fractures, 280 without prospective stress fractures) and n = 208 boys (9 with prospective stress fractures,
199 without prospective stress fractures).

"Hockey and water polo had less than 10 participation in either gender and were excluded because of small sample size.

EDI administered to girls only.

“Question on healthy and unhealthy behaviors assessed on boys only, modified version of questionnaire from Project EAT.

"Menstrual analyses exclude 13 girls younger than 15 yr who have not yet reached menarche. An additional 12 girls aged 15 yr or older who had not yet reached menarche were
considered 1o have primary amenorrhea and were included in all analyses except age at menarche.




