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INTRODUCTION

Stress fractures cause significant morbidity during recruit training, particularly for elite programs
requiring intense physical conditioning such as the US Marine Corps">** Estimates of the inci- .
dence of stress fractures among female military trainees range from as high as 34% to as low as

1.1%°.-5"-%. Data from Marine Corps Parris Island’® indicate that women suffer lower extremity
stress fractures at a rate of 3.8% a rate comparable to that of males'®. More recent data from an
associated study indicates that the stress fracture rate in the current female cohort is about 5%°. The
primary fracture site is in the metatarsals, although pelvic and femoral stress fractures constituted
more than half of the total (ibid.).

The impact of stress fractures on training and on operational readiness is significant. While stress
fracture is not the most prevalent injury among recruit populations, the cost of each occurrence is
high. Recent data on male recruits at MCRD San Diego show that with an incidence rate of 3.7%,
lower extremity stress fractures cause a loss in training time of 35-69 days and costs on the order
of $4 million annually for that site alone."'. Although the numbers of female recruits is smaller,
the number of costly above-the-knee fractures in females is far greater.

Stress fractures, which predominantly occur in the lower extremity and pelvic girdle, are believed
to result from structural failure in the bone caused by repetitive weight bearing loads. Weight
bearing under training regimens subjects bones of the lower limbs to repetitive axial compression,
torsion and bending stresses'?>. Within a bone subject to a given load, stress magnitudes are
determined by bone structural geometry, while the bone's ability to resist these stresses is defined

by bone material properties.”>s'* Since bone material properties are much less variable than
structural geometry, it is likely that most of the individual differences in bone strength can be
explained by geometry'®>. Moreover there is evidence that bone material properties do not vary
significantly with age as was previously believed'® . For a given long bone, the most important
geometric properties are the cross-sectional area (CSA) and for bending in a plane, the cross-
sectional moment of inertia (CSMI). These structural properties in the long bones of the lower
extremity are known to vary with age and sex in the human. For example, previous work suggests
that sex differences in elderly fracture rates may relate to the ability of aging bone to alter the CSMI
to compensate for increased mechanical stresses due to bone loss in osteoporosis'’. There is also
evidence that bone is structurally remodeled to minimize stresses in limbs subjected to increased
loads over shorter time scales; moreover these changes are evident in the cross-sectional proper-
ties'®. The implication for younger populations is that bone can be strengthened by rigorous
training. Unfortunately, information regarding the rates and magnitudes of such change and in the
factors influencing such change in the human are scanty. The current project includes an
assessment of geometric changes in the lower limbs of female Marine Corps recruits. Such data
should have significant implications in the design of future recruit training programs as well as in
the design of remediation regimens for those with structurally weak bones.

BODY

Materials and Methods

This project involves the acquisition of data to support two separate hypotheses. The first is that
those structural geometry properties measured in the lower limb that were found to be associated

with lower limb stress fractures in male Marine Corps recruits'*(1), will exhibit a similar
association in female recruits. The second hypothesis is that the intense training regimen in female
Marine Corps recruits will produce changes in the structural geometry of the lower limb bones that
are indicative of improved bone strength. To support the first hypothesis, a cohort of female recruit
volunteers were given a consent form during the first week of recruit training and then

2 Shaffer RA, Brodine S et al. Predictive Factors for Stress Fracture Susceptibility in Female Marine
Recruits, Draft report Personal communication 10-9-96.



administered a questionnaire soliciting general background information issues (diet, exercise,
menstrual, smoking, skeletal injury, history etc.). A subset of these recruits were administered a
second informed consent to participate in the part of the study including DEXA scans and
anthropometric measurements. A randomly selected sample of volunteers was selected for further
measurements. Measurements included height, weight, neck waist and hip girths, thigh and calf
girths as well as the lengths of the upper and lower right leg, the girths of the pelvis between the
iliac crests, the hips between the greater trochanters, and the knee at the level of the femoral
condyles. Subjects were then scanned with a conventional dual energy x-ray absorptiometry
(DEXA) scanner at both the mid shaft of the right femur and at the distal third of the lower right
leg. The entire cohort of cohort was followed to ascertain the incidence of stress fractures and
other musculoskeletal injuries. Enrollment included the administration of a questionnaire on general
background issues (diet, exercise, menstrual, smoking, skeletal injury, history etc.) administered
for our colleagues at the Naval Health Research Center in San Diego. The questionnaire was
followed by a solicitation to volunteer as a participant in a study involving further measurements.
Informed consent was obtained on all study participants. A random subset of those providing
informed consent was selected for measurements. To address the second hypothesis, a subset of
recruits receiving measurements at the beginning of training, were re-scanned during the last week
of training, and those anthropometric measurements (weight and girths) likely to change were also
repeated. In this part of the study the effect of the standard training regimen on the normal skeleton
is being evaluated hence all recruits with sufficient injury to cause interruption of training, or any
recruits undergoing more than 12 weeks of training were excluded. A third part of the study
involves the use of relative lean muscle mass measurements provided by the DEXA scanner. We
are exploring the use of these measurements as indices of fitness by comparing them with the initial
strength test scores recorded for recruits during the initial evaluation of recruits.

CONCLUSIONS

As of September 15, 1996 a total of 659 recruits were enrolled in the measurement
procedure, although approximately 1500 had received questionnaires. For the accrual in the second
part of the study, a total of 175 recruits were re-scanned at the end of training. During the final day
of scanning, the DEXA scanner experienced a major failure which is yet to be repaired. Sufficient
data has been acquired for both parts of the study, however, for technical reasons the precision
study was not yet done. We have not yet made the decision whether to proceed with the scanner
repair and are looking into alternative ways of addressing the precision issue.

The measurement of the structural geometry from the DEXA data involves a program
written in our laboratory, hence scan data are transferred from Parris Island for this stage. At this
point all data have been transferred and the structural measurements have been computed.
Anthropometric variables have also been coded into computer format and the collating of all
variables and the correction of entries is under way.

Although it is possible to make some preliminary conclusions based on incomplete data, we
believe that this would be premature since data “cleaning” for coding and analysis errors is not
finished. Moreover follow-up on subjects for stress fracture assessment will probably not be
complete until mid January. We suspect that we will alter the focus somewhat from the original
work to include attempts to derive a biomechanical explanation for the greater above-the-knee
stress fracture rate in females compared to males.

REFERENCES

I'R.S. Gilbert and H.A. Johnson, "Stress fractures in military recruits-A review of twelve years experience",
Military Medicine, 131: 716, (1966).

3R.B. Greaney, F.H. Gerber, R.L. Laughlin, J.P. Kmet, et. al. "Distribution and natural history of stress
fractures in U.S. Marine recruits", Radiology, 146: 339 (1983).

4 C. Milgrom, M. Giladi, M. Stein, H. Kashtan, JY Margulies, R. Chisin R. Steinberg and Z Aharonson:
Stress Fractures in Military Recruits: A prospective Study Showing Unusually High Incidence”, 1T.




Bone And Joint Surgery, 67-B: 732 (1985).

DM Kowal: Nature and causes of injuries in women resulting from an endurance training program. Am J
of Sports Med, 8:265-269, (1980).

SBH Jones, R Manikowski, JH Harris, J Dziados, S. Norton T Ewart and JA Vogel: Incidence of and risk
factors for injury and illness amoung male and female Army basic trainees, US ARMY RIEM Tech
Report, :T19-88, (1988).

"BH Jones: Overuse injuries of the lower extremeties associated with marching, jogging and running: A
review, Military Med 148:783-787 (1983).

8RR Protzman and CG Griffis Stress Fractures in men and women undergoing military training, J BoneJt
Surg, 59A: 825 (1977).

*M.L. Cowan, CAPT, MC, Executive Officer, Naval Hospital Beaufort, SC, Personal Communication, 15
Mar. 1991.

CD Kimsey: The epidiemiology of lowere extremety injuries in United States Marine Corps recruits, PhD
Dissertation, University of South Carolina, 1993.

"R A Shaffer, SK Brodine, C Corwin, SA Almeida and K Maxwell-Williams:Impact of musculoskeletal
injury due to rigorous physical activity during U.S. Marine Corps basic training (abs), Med Sci Sport,
26:S141, (1994).

12 E. Lanyon, W.G.L. Hampson, A.E. Goodship and J.S. Shah "Bone Deformation recorded in vivo from
strain gauges attached to the human tibial shaft" Acta Orthop. Scand. 46: 256-268 (1975)

3 V.H. Frankel and A.H. Burstein "Load Capacity of Tubular Bone", in Biomechanics and Related
Bioengineering Topics, R.M. Kenedi ed. pp. 381-396, Pergammon Press, Oxford 1965.

14 M. Martens, R. Van Audekercke, P. de Meester, and J.C. Mulier "The Mechanical Characteristics of the
Long Bones of the Lower Extremity in Torsional Loading" Biomechanics, 13: 667-676 (1980).

5 M. Martens, R. Van Audekercke, P. de Meester, and J.C. Mulier : "The Geometrical Properties of
Human Femur and Tibia and Their Importance for the Mechanical Behaviour of these Bone Structures”,
Arch. Orthop. Traumat. Surg., 98:113-120, (1981).

1McAlden RW, McGeogh JA, Barker MB and Court-Brown CM: "Age Related Changes in the Tensile
Properties of Cortical Bone: The Relative Importance of Changes in Porosity, Mineralization and
Microstructure”, J. Bone and Joint Surg. (1993), 75-A:1193-1205.

17 Beck TJ, Ruff CB, Scott WW Jr., Plato CC, Tobin JR, and Quan CA: Sex Differences in Geometric
Remodeling of the Femoral Neck with Age: A Structural Analysis of Bone Mineral Data, Calcified
Tissue International, In Press (1991).

8 §.C. Cowin: The Mechanical and Stress Adaptive Properties of Bone", Annals of Biomedical
Engineering, 11: 263-295 (1983)

19 Beck T, Ruff C, Mourtada F, Shaffer R, Maxwell-Williams K, Kao G, Sartoris D, Brodine S, 1996:
DXA Derived Structural Geometry for Stress Fracture Prediction in Male US Marine Corps Recruits. J
Bone Mineral Res ,11:645-653



