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INTRODUCTION

     Over the last decade, injury patterns in women participating in sport and physical activity are receiving significant review.  Title IX, the 1972 Educational Amendment Act which prohibited gender discrimination in education programs and activities, was the catalyst for female athletes when it financially opened the door for women to pursue higher levels of athletic competition in the early 1970’s.  Some twenty years later, competition levels for female athletes have risen to professional ranks in several individual and team sports.  As these opportunities have expanded throughout the last two decades, so has the spectrum and frequency of athletic injuries suffered by female athletes.  One trend of growing concern is the number of stress fractures that are being sustained by the female athlete.  Several theories have been investigated as to why this has occurred, but no clear etiology has surfaced.  The impact of this type of injury on an athlete’s season is significant due to the time lost from competition.  In the military arena, this trend is also present and the rate of injury for women is significantly higher than their male counterparts.  Time lost from training is extensive and tends to occur early in the active-duty female’s career, most often during basic and advanced training as they enter the military.  Many of the factors being assessed as putative causal agents in the civilian populace are also factors in the military.

     Conditioning programs seek to improve the physical status of the athlete to achieve higher goals.  One core concept of training is the principle of overload. By stressing the system with increasing activity, whether by weight, mileage or frequency of training, the body will adapt to the increasing demand by becoming stronger, faster or developing increased levels of endurance.  This is a normal process and in most cases, a positive stressor as the athlete improves in her sport. However, if the body is overwhelmed and training is continued on a prolonged basis, failure occurs and injuries usually result.  A  primary focus of research on the development of stress or fatigue-type fractures is a search for co-occurring factors which might shed light on etiological process.  By definition, stress fractures are common overuse injuries of bone attributed to the repetitive trauma associated with vigorous, usually weight-bearing activities such as running, jogging, walking and marching (29). Weight bearing activities to excess are present in the extensive marching and jogging performed by military personnel, as well as in virtually all recreational sports.

     Several researchers have looked at possible factors that may contribute to the development of stress fractures in women (6,9,33).  Beginning with basic demographic information, studies have shown a definite correlation with race and the incidence of fracture.  Numerous studies (7,29,34) report that the rate of stress fractures in Caucasian women athletes to be more than 10%, compared to a much lower incidence of 3.4% in African-American women.  This difference remained fairly constant over several different activities and different age groups (2,8,34).  Other demographic information such as height did not show any statistical difference in the number of fractures per year of age.  Weight of a woman, however, does correlate with fracture risk with the very leanest and the heaviest women experiencing more fractures than the “average body weight for age” females (2,34).  The rationale for the cause of fractures in the heaviest women was more overstress related secondarily to the weight and the additional forces it creates when exercising.  The incidence of fracture in the underweight athletes is thought to be a consequence of a hormonal change in the athlete which puts her at risk.

     In the underweight athlete, several studies have looked at factors (bone density, bone quality, and risk of fracture).  Barbara Drinkwater and her colleagues have done an extensive amount of research in the area of bone density, primarily in the post-menopausal woman and in the young athlete (13,17).  Their findings highlight that a low estrogen state is directly related to the decrease in bone density seen in menopausal women and, thus, an increased risk for fracture. Additionally, her more recent research shows that women who are amenorrheic for extended periods of time showed decreased levels of bone density for their age and that these women do not recover the lost bone mass even if they begin to menstruate again.  Many underweight athletes in sports such as dance, gymnastics and cross-country are amenorrheic due to their low body weight. This, combined with excessive exercise programs, theoretically puts them at higher risk for fracture.  The American College of Sports Medicine has explored this relationship extensively and has identified the Female Athlete Triad (disordered eating, amenorrhea and osteoporosis) as a significant health risk for many female athletes.  This triad may not be unique  to competitive athletes. The military has a significant number of women who are amenorrheic during training and may practice disordered eating patterns resulting in significant weight loss during the training period. Cromer’s review of contraceptive effect on bone mineral density has shown that those athletes who are amenorrheic (low estrogen) and have experienced significant weight loss are at higher risk for osteoporosis and  fracture (18).

     Oral contraceptives are used by both athletes and active-duty women and are being evaluated by researchers regarding their positive and potentially protective effect on bone density and fracture risk.  Studies by Barrow and Lloyd have shown that women on oral contraceptives have a significantly reduced incidence of stress fractures when compared to amenorrheic controls by almost 7% (29).  Athletes using oral contraceptives have a fracture rate generally matching those of normally menstruating athletes (1,4,6,7,10).  This reduction is thought to be partially the result of the estrogen component of the medication.  These women are having a period on a regular basis and have relatively normal hormonal blood levels.  Very few studies have addressed the increasing use of the progesterone-only contraceptives by exercising women.  Several different formulations are now available and the mode of administration offers distinct and unique opportunities regarding contraception and menses.  The oral progesterone formulations are taken in the same fashion as the estrogen-progesterone combination pills, but the depot preparation is given intramuscularly every three months.  An even longer lasting contraceptive alternative in this progesterone only category is a sub-dermal implant that is effective for five years.  Side effects of these medications include acne, weight gain, and in nearly all women, irregular bleeding or total amenorrhea.  For the athlete or active duty female that does not want to be concerned with a period or contraceptive issues during competition or deployment, these medications are attractive for use.  Hormonal levels of estrogen in women using these medications are generally low, resulting in oligomenorrhea or amenorrheic states for these women.  The literature on these agents in relation to bone density indicates that bone density can decrease with their use, especially over periods of a year or more.  Despite the use of a contraceptive agent, these women appear to be at risk for lower bone density and stress fracture.  For the active-duty female, concern is growing that depot and sub-dermal implants are attractive options, especially for deployments, which may place them at higher risk for stress fractures. At least two studies provide evidence which supports this theory (18,25).

HYPOTHESIS
     Women using progesterone-only contraceptives at the age when their bodies are developing peak bone mass are at higher risk for developing stress fractures in the short term than those using oral contraceptives or no contraceptives. The specific aims of this study are (1) to determine the incidence of stress fractures in active duty college age women; (2) to determine differences in how estrogen-progesterone and progesterone-only containing medication impact on stress fractures.

METHODS

     This research proposal was reviewed and approved for study through the United States Naval Academy (USNA) and the Uniformed Services University of the Health Sciences (USUHS) Institutional Review Boards.  All study information on the midshipmen was obtained from their medical records between 1 July 1996 to 1 June 2000.  An alphabetical roster of all the midshipmen at USNA was used to obtain the names of the women who were currently enrolled as of 1 July 1999.  Information retrieved from the roster  included name, sex and social security number.  For confidentiality, names and social security numbers were recorded separately, used only to access computerized and paper medical records, and then subsequently destroyed.  Each individual was researched in the Composite Health Care System (CHCS), an electronic medical recording system used by the military; and results were reviewed only in the areas of radiology and pharmacy for the purposes of this study.  Prescription information was obtained on each midshipman regarding the use or non-use of contraceptives and the type that was prescribed.  Use of contraceptives was broken down into different methods and combinations of delivery: oral contraceptives, injectable medication, and implantables.  The data base was then queried concerning each midshipman’s radiographic history.  All results involving the lower extremities were reviewed to determine the reason for the requested study and results.  Stress fracture or evidence of stress reaction to bone, which is felt to be a harbinger of stress fracture formation, was considered a positive finding and recorded.  Additional information about the type of study used to identify the fracture/reaction was also recorded.  This study information was classified whether it was identified on plain film, nuclear medicine bone scan, magnetic resonance imaging (MRI) or computerized tomography (CT), or present on multiple exams.  All positive findings were classified by anatomical location into tibia/fibula, foot or metatarsal, femoral shaft or femoral neck.  After completing the review of the computerized record, each military health care record was then reviewed by the principal investigator.  Additional information obtained in this review included race, smoking status, and menstrual function.  Menstruation was then classified as to regular (eumenorrheic), less than 6 periods per year (oligomenorrheic), and no reported periods for more than 6 months (amenorrheic).  Each record was extensively reviewed for additional information regarding reported stress fracture/reaction and menstrual status regarding contraceptive use.  Results of studies or evidence of medication prescriptions from other military or civilian institutions were included in the data collection.  All data was coded, entered into a spreadsheet and then analyzed using the SPSS statistical  program, Version 9.0.

RESULTS

     A total of 610 cases were obtained from the enrollment data from the USNA as of 1 July 1999.  Out of the 610 cases, 545 records were available for review on CHCS and health care records review.  The remaining 65 cases had only year in school, prescription and radiographic data available. Information on those 65 cases were not available due to graduation and records removal for summer training at alternate training sites.

Table 1

		Year In School

	Race

	Smoking Status

	Last Menstrual Period

	Contraceptive Medication

	Presence Of Fracture

	Location Of Fracture

	Radiological Study


	Valid

	610

	545

	545

	545

	610

	610

	610

	610


	Missing

	0

	65

	65

	65

	0

	0

	0

	0


									
									

	


     An analysis by year in school of the 610 students ranged from 131 females (21.5%) in their senior year to 176 students (28.9%) in their freshman year.  Thirty women, or nearly one-half of the population (49.8%) did not have any record of contraceptive use and 271 women (44.4%) received prescriptions for oral contraceptives.  Thirty-five, or 5.7% of the women in this study used a progesterone-only injectable contraceptive.  There was no reported use of Norplant in this group.

Table 2

Location Of Fracture

	 
	Frequency
	Percent
	Cumulative Percent

	None
	519
	85.1
	85.1

	Foot
	18
	3.0
	88.0

	Tibia/Fibula
	54
	8.9
	96.9

	Femur (Shaft)
	10
	1.6
	98.5

	Femur (Head/Neck)
	6
	1.0
	99.5

	Other
	3
	.5
	100.0

	Total
	610
	100.0
	 


     Radiographic studies for the 610 students revealed 91 stress fractures or stress reactions, or 14.9% of the sample.  The most common location for stress fractures/reactions were the tibia (54), foot (18), femoral shaft (10), and femoral neck (3).  Plain radiographic films were most common in positively identifying abnormalities.  Bone scan was positive in 27 cases and 4 cases were identified using MRI or CT.

Table 3

Race

	 
	Frequency
	Percent
	Cumulative Percent

	Caucasian
	443
	72.6
	81.3

	African-American
	39
	6.4
	88.4

	Hispanic
	34
	5.6
	94.7

	Asian
	14
	2.3
	97.2

	Native Indian
	3
	.5
	97.8

	Pacific American
	12
	2.0
	100.0

	Total
	545
	89.3
	 

	System
	65
	10.7
	 

	 
	610
	100.0
	 


     Of the 545 students which had medical records available for review, 44 or 81.3% were Caucasian, 39 (7.2%) African-American, 34 (6.2%) Hispanic, 14 (2.6%) Asian, 12 (2.2%) Pacific American and 3 (0.6%) as Native American.  The vast majority of female midshipmen denied smoking (97.4%) and only 14 of the 545 (2.6%) stated that they smoked, either occasionally or regularly.  Menstrual status was categorized into three groups.  Most women were reported to be eumenorrheic (92.8%).  The remainder of women had periods of less than 6 times a year (6.6%) or were amenorrheic (0.6%).

Table 4

Contraceptive Medication by/and Location Of Fracture 

Count 

	 
	Location Of Fracture
	 
	 
	 
	 
	 
	Total

	 
	None
	Foot
	Tibia/Fibula
	Femur (Shaft)
	Femur (Head/Neck)
	Other
	 

	No Medication Used
	266
	6
	30
	 
	 
	2
	304

	Estrogen-Progesterone Combination
	223
	12
	21
	8
	6
	1
	271

	Progesterone Only-Inject
	30
	 
	3
	2
	 
	 
	35

	 
	519
	18
	54
	10
	6
	3
	610


     Correlating progesterone-only injectable contraceptives and presence of fracture revealed 5 fractures/reactions (14.3%) in this group.  Women that use the estrogen-progesterone combination contraceptives had a 17.7% rate of stress fracture/reaction, which was higher than those women who reported no use of medications and developed fractures (12.5%).  Analysis using the Phi statistic and Cramer’s V revealed that these differences were not significant. However, crosstabulation of the last menstrual period by  presence of fracture showed that 66.7% of women that were reported as amenorrheic had fractures or stress reactions.  Those women that had less than 6 periods per year had a 25.0% stress fracture/reaction rate whereas women that were considered to have regular periods had the lowest rate of 13.8%.  The Pearson Chi Square for this comparison was 9.91, which was significant at p=.008. The Phi statistic and Cramer’s V also showed that the rates of fractures for amenorrheic and oligomenorrheic women were significantly higher (p=.008) than those of eumenorrheic women. Logistic regression was used to analyze the contribution of menstrual status in explaining the occurrence of stress fractures, as well as to compare the effects of other factors which might contribute to lowered bone density or stress fractures.   Demographic and status variables (race, year in school, contraceptive medications, and smoking status) were entered in the stepwise logistic regression as the first block.  The model chi square for this first block was not significant (p=.4018), which indicates that demographic factors entered into the equation are not contributors to the statistical model. Menstrual status, as the most likely independent predictor, was entered as block 2.   The Nagelkerke estimate of variance explained is .033, estimating that 3.3% of the variance in fractures is explained by the menstrual status variable.  This is a relatively small contribution, but the chi square for this second block was 6.43, significant at p=.011. Table 5 describes the results of the logistic regression.  

Beginning Block Number  1.  Method: Enter

Variable(s) Entered on Step Number

1..       SMOKE     SmoKing Status

          RACE      Race

          YEAR      Year In School

          MEDS      Contraceptive Medication

Estimation terminated at iteration number 4 because

Log Likelihood decreased by less than .01 percent.

 -2 Log Likelihood      454.112

 Goodness of Fit        543.299

 Cox & Snell - R^2         .007

 Nagelkerke - R^2          .013

                     Chi-Square    df Significance

 Model                    4.031     4        .4018

 Block                    4.031     4        .4018

 Step                     4.031     4        .4018

----------------- Variables in the Equation ------------------

Variable           B      S.E.     Wald    df      Sig       R

SMOKE          .7977     .6136   1.6898     1    .1936   .0000

RACE           .1019     .1079    .8916     1    .3450   .0000

YEAR           .0272     .1153    .0557     1    .8135   .0000

MEDS           .2453     .2109   1.3519     1    .2450   .0000

Constant     -2.0038     .2923  46.9796     1    .0000

                        95% CI for Exp(B)

Variable       Exp(B)     Lower     Upper

SMOKE          2.2204     .6670    7.3917

RACE           1.1073     .8962    1.3682

YEAR           1.0276     .8197    1.2882

MEDS           1.2780     .8452    1.9323

_

Beginning Block Number  2.  Method: Enter

Variable(s) Entered on Step Number

1..       LMP       Last Menstrual Period

Estimation terminated at iteration number 4 because

parameter estimates changed by less than .001

 -2 Log Likelihood      447.682

 Goodness of Fit        544.277

 Cox & Snell - R^2         .019

 Nagelkerke - R^2          .033

                     Chi-Square    df Significance

 Model                   10.461     5        .0632

 Block                    6.430     1        .0112

 Step                     6.430     1        .0112

Table 5

Variable           B      S.E.     Wald    df      Sig       R

SMOKE          .9048     .6162   2.1556     1    .1420   .0185

RACE           .1134     .1085   1.0915     1    .2961   .0000

YEAR           .0091     .1163    .0061     1    .9377   .0000

MEDS           .1767     .2157    .6710     1    .4127   .0000

LMP           -.8997     .3361   7.1655     1    .0074  -.1067

Constant      -.2380     .7189    .1096     1    .7406

                        95% CI for Exp(B)

Variable       Exp(B)     Lower     Upper

SMOKE          2.4713     .7386    8.2694

RACE           1.1200     .9055    1.3855

YEAR           1.0091     .8034    1.2675

MEDS           1.1933     .7818    1.8213

LMP             .4067     .2105     .7859

_

     The chi-square for this step was 6.43, which was significant at p= .0112.   The four variables entered in block 1 were not significant in explaining occurrence of stress fractures.  Menstrual status was highly significant (p=.007) in explaining stress fractures, with a Beta value of  -0.8997.  The negative sign on the Beta coefficient indicates an inverse relationship, i.e. as the number of menstrual periods per year increases, the occurrence of stress fractures decreases.  As an ordinal variable, menstrual status as measured for this study limits the predictive power of the logistic regression, but some initial calculations can be made.  Menstrual status was coded “0” for no menstrual periods in the last year (amenorrheic), “1” for one to six periods in the last year (oligomenorrheic), and “2” for seven or more periods (eumenorrheic). 

     The exponent beta, or Exp (B) can be used to calculate the odds and probability of developing a stress fracture if the subject’s menstrual status is known.  The probability can be calculated using the formula: 

P=1/1+e
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     Using the constant value of -.2380, Beta = -.8997,  the probability for a stress fracture when x=0 (Amenorrheic) = .4408 or 44%.  When x=1 (Oligomenorrheic), the probability for stress fracture is .2427 or 24%; and when x = 2 (Eumenorrheic), the probability is  .1154 or 11.5%.  The odds are expressed as the probability of the event occurring divided by the probability of the event not occurring, according to the formula:
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So, the odds of developing a stress fracture for amenorrheic midshipmen (x = 0) are .7883 to one, for oligomenorrheic subjects (x = 1), the odds are .3205 to one, and the odds for eumenorrheic subjects developing a stress fracture are .1305 to one.  Both ways of analyzing the findings show that stress fractures were most likely to occur in  amenorrheic subjects, least likely to occur in eumenorrheic subjects, and an intermediate probability was “demonstrated for oligomenorrheic subjects.” Despite the high occurrence of stress fractures present in the amenorrhic women studies (67%). Due to the small number (n=3), statistical power suffers.  While highly significant, menstrual status explains only about 1.1% of the variance in the occurrence of stress fractures.

DISCUSSION

     These findings provide support for the central hypothesis of the study, which is that women who are using progesterone-only contraceptives are at higher risk for stress fractures.  The statistical analysis clearly shows that the menstrual status of female midshipmen is significantly related to a history of stress fractures, with amenorrheic women at higher risk for fractures than eumenorrheic women.  Many factors weigh into the development of stress fractures or reactions in this particular group of women.  Much of the research in bone density has shown that women in this age group should be reaching peak bone mass.  By requiring that women be relatively physically and medically healthy for entrance into the military, bone density in this group should be quite substantial.  Race distribution at the USNA is fairly representative of the larger military population of the officer ranks.  Smoking status was the last recorded item in the medical record.  Smoking is highly discouraged at the academy so it is not surprising that the negative response rate is much higher than that of the civilian population at the same age.

     Drinkwater and other investigators have clearly shown a relationship between menstrual status and bone density.  Results in this study clearly show that there is a relationship between the frequency of periods and the incidence of stress fracture/reaction.  Those women who reported the cessation of their menses for more than three months had a fracture rate of 39% compared to a rate of 13.8% for those women who have regular periods. Activity level for all women remain similar the freshman year of school which has the highest rate of positive findings due to the intensive summer training.  The location of fractures in this group of women was similar to other studies of military trainees.

     Overall, the incidence of stress fractures and reactions was significantly higher than that reflected in the literature.  In particular, the fracture rate among those who use combination contraceptives (17.7%) was significantly higher than reports in the literature.  This rate was also higher than either the no medication group (12.5%) or the progesterone-only injectable group (14.3%).  This finding is in conflict with the current thinking that oral contraceptives are bone protective. The rate for the progesterone-only injectable medication is also higher than what others have reported.  Possible explanations of why this discrepancy exists in this study may be that the midshipmen may have had a previous history of amenorrhea or change in menstrual status prior to entrance into the academy or that this group of women has a higher activity level than those in other studies (greater exposure to risk). This information was not collected as part of this study.  Information regarding nutritional status and weight gain or loss was also not addressed but could have impacted on the results.

     One major discrepancy in the results is in the reported menstrual status and use of contraceptives.  Two women reported that they were amenorrheic but taking oral contraceptives as well, this situation could be explained if the women were not taking the mediction as prescribed. Also, twenty-one women reported that they were having less than six periods a year.  For these women, modifying use of the pill pack to have a period every three months is a fairly common use option, especially in athletic women. Other limitations of this study include a very small n of amenorrheic women (n=3) with stress fractures (n=2), too few subjects to make any strong statements of generalization, however the finding warrants further study with a larger population. The small amount of  variance explained may be a reflection of the small number of amenorrheic midshipmen, or the presence of other, stronger predictors, such as activity level, or actual bone density measures.

CONCLUSION

     Military leaders and medical personnel should be concerned that the stress fracture/reaction rate in this particular population is much higher than what other college-aged women are experiencing, due to the short term impact on availability for training, as well as potential long term health issues including lower bone density   Medical personnel should make more intensive efforts to identify women who are experiencing menstrual irregularities. All medical and military cadre personnel should promote regular health behaviors which will maintain regular periods during female midshipmen’s training at the academy; balancing nutritional, athletic, and contraceptive needs for optimum health. The women should also be reevaluated post-graduation.   

     Another consideration which merits further study is the possible military parallel of the female athlete triad which may affect all women in intensive military training programs. In addition to the intensive physical activity and the experience (both in the field and in athletics) of reduced menstrual periods, the possible risks of disordered eating inherent in the timing and availability of mess facilities while in a forced training status need to be considered.

     The finding of this small study shows a significant effect which is sufficient to warrant a more detailed study.  A future study would be longitudinal to also take into account recent changes in contraceptive use and menstrual status.  Further study should include a sample large enough to reflect more stress fractures among amenorrheic women.  Other, more detailed measures would provide interval level data, such as actual number and frequency of menstrual periods (instead of the three categories of oligomenorrhea, eumenorrhea and amenorrhea) and measures of bone density, which may be a more continuous and early predictor of bone changes than stress fractures. Further study would also measure activity levels, weight, and nutritional factors which might also account for changes in bone density or occurrence of injury in the military, college-age female.
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