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ABSTRACT

Background and Purpose: There is limited evidence regarding risk factors for lower extremity overuse bone injury (LEOBI) in collegiate athletes.
The purposes of the study were to: 1) determine incidence of LEOBI in selected sports and its impact on athletic participation and ADL, 2) assess
risk relationships between LEOBI and selected risk factors, and 3) establish the viability of using calcaneal densitometry as a screening tool to
identify risk for LEOBI.

Study Design: Prospective analytical cohort design

Methods: Collegiate athletes in selected sports (swimming/diving, women’s soccer, field hockey, cross-country/track) at one university were
invited to participate. Consenting athletes completed an initial questionnaire including demographic information, history, and menstrual function.
Measurements included height/weight, hip abductor strength, foot posture index, and calcaneal bone mineral density. Athletes were monitored
for potential LEOBI for nine months and an algorithm was used to determine if physician referral was required. The primary outcome of interest
was the occurrence of physician-diagnosed LEOBI. If LEOBI was diagnosed by the physician, the athlete completed a follow-up visit including a
repeat bone mineral density scan. All athletes were invited for a repeat scan at the end of the year and completed a final questionnaire. Athlete
demographics were summarized using descriptive statistics and differences in continuous risk factors were analyzed using t-tests and ANOVA.
Finally, risk relationships for categorical variables were analyzed using chi-square and relative risk.

Results: 84 athletes (64 female, 20 male) consented to participate. Over the study period, eight athletes (one male, seven females) were diagnosed
with LEOBI (LEOBI group), five with stress fractures and three with medial tibial stress syndrome. The other 76 athletes who did not have a diagnosis
of LEOBI were placed in the non-LEOBI group. Five of the eight were cross-country/track athletes; no swimming/diving athletes had bone injury.
Sport (cross-country/track) had a significant relative risk value of 2.26 (95% CI = 1.18-4.32) for LEOBI. There was no association between LEOBI
occurrence and sex, hip abductor strength, body mass index, foot type, and menstrual function. There was no difference in bone mineral density at
initial or follow-up measures between LEOBI and non-LEOBI groups (p>.05) when analyzing all athletes. When analyzing ground-based athletes
only at follow-up (n=44), athletes with LEOBI had lower bone mineral density of right (p = .05) and left (p =.07) calcaneus. The relative risk for
developing LEOBI based on calcaneal bone mineral density below the mean of the study participants was 2.1 (95%CI = 1.09-3.35) on the left and
1.53 (95% CI=.80- 3.06) on the right.

Conclusion: The incidence of LEOBI in this population of athletes was approximately 10%. Risk factors were sport (cross-country/track) and
decreased left calcaneal bone mineral density. This study supports the use of calcaneal bone mineral density as a screening measurement for
LEOBI risk and suggests the need for further investigation into additional LEOBI risk factors.

Level of evidence: 2

Key words: Bone density, medial tibial stress syndrome, overuse injury, risk, stress fracture

CORRESPONDING AUTHOR
Mark F. Reinking, PT, PhD, SCS, ATC
Saint Louis University
Department of Physical Therapy & Athletic
Training
! Department of Physical Therapy & Athletic Training, Saint 3437 Caroline Mall
Louis University, Saint Louis, MO, USA Saint Louis, MO 63104

2 Department of Family & Community Medicine, Saint Louis
University, Saint Louis, MO, USA E-mail:reinking@slu.edu

The International Journal of Sports Physical Therapy | Volume 10, Number 2 | April 2015 | Page 155




INTRODUCTION

Stress fractures'* and medial tibial stress syndrome
(MTSS)> are lower extremity overuse bone inju-
ries (LEOBI) that result from microtrauma to bone.
LEOBI is commonly experienced in the athletic pop-
ulation*®>®1%13 with evidence suggesting that these
conditions adversely affect not only athletic partici-
pation,'*'* but also activities of daily living (ADL)."
Furthermore, premenopausal bone fractures includ-
ing stress fracture increase the risk for future frac-
tures in a woman'’s life.'®!” Presently, the impact of
LEOBI on athletic participation and ADL in colle-
giate athletes is not clearly quantified, and there is
an incomplete understanding of the risk factors for
the development of LEOBI. Because of this lack of
evidence, evidence-based prevention strategies for
LEOBI do not currently exist.

Stress fractures involve microstructural bone fail-
ure, and recent evidence suggests that MTSS, which
presents as pain along the posteromedial border
of the distal two-thirds of the tibia, also involves
changes in bone tissue.®”'®!¥ Lower extremity (LE)
stress fracture annual incidence rates in collegiate
track and field athletes range from 11%* to 21%,*
and two studies prospectively examining stress frac-
ture occurrence across multiple collegiate sports
reported an annual incidence ranging from 1.9%?
to 3.7% .2 MTSS is a common condition in athletes,
especially among runners.>®'*32? with incidence
reported in a range of 4%-35%.%>%* In a study of col-
legiate female athletes across multiple sports, 22%
developed MTSS or stress fracture (tibial or fibular)
over the course of a single fall season.*

There is a need for LEOBI risk factor identification in
order to develop screening measures and prevention
strategies. van Mechelen® proposed a sport injury
prevention model involving four steps: (1) iden-
tifying the extent of the injury problem, (2) under-
standing the etiology and mechanism of injury, (3)
introducing appropriate preventative measures, and
(4) assessing the effectiveness of those measures. In a
recent systematic review?® of overuse injury preven-
tion, the authors concluded that there is little objec-
tive evidence supporting current interventions to
prevent LEOBI. One potential reason for this paucity
of evidence is that the second step of van Mechelen’s
model, understanding the etiology and mechanisms

of'injury, has been inadequately investigated. Failure
to identify risk factors will not allow the shift toward
an evidence-based prevention and intervention focus.

The most consistent LEOBI risk finding is that ath-
letes who have a history of a stress fracture or MTSS
are at higher risk for the reoccurrence of those condi-
tions.!*121322 However, most other evidence pertain-
ing to LEOBI or other LE overuse injury risk factors
is relatively weak or conflicting. In a study by Nie-
muth et al,*” a group of recreational runners reported
an association between hip abductor weakness and
LE overuse injury including stress fractures and
MTSS. This finding of hip abductor weakness was
supported by Verrelst et al?® for athletes with exer-
tional medial tibial pain. Regarding abnormal foot
biomechanics as a risk for LEOBI, some evidence
suggests that excessive pronation is a risk factor,>*-*
other evidence suggests excessive supination is a
risk factor,®=¢ and a third group of studies have not
supported either as a risk factor.®!'*13

Neely* reported a high body mass index (BMI) was a
risk factor for LEOBI in military men and women, but
low BMI was only a risk factor for military females.
Other investigators have not found any association
between body composition and LEOBI.?#*%%* Gold-
berg and Pecora? and Ohta-Fukushima et al* found
a relationship between athlete-reported increase
in training and stress fracture occurrence. Several
investigators have reported that menstrual dysfunc-
tion is a risk factor for stress fractures in athletic
women,*¥442 however, the association of MTSS and
menstrual dysfunction has not been substantiated.
A risk relationship has been shown between LEOBI
and low bone mineral density (BMD) as measured
using dual-energy X-ray absorptiometry (DXA).”*
Prouteau et al** used ultrasound densitometry to
examine risk of stress fracture in athletic women
and found no difference in calcaneal speed of sound
(SOS) or broadband ultrasound attenuation (BUA)
between those athletes with a history of stress frac-
ture and a control group. As this was a cross-sectional
study, the authors did not control for the chronol-
ogy of stress fracture diagnosis in the injured group.
Chatzipapas et al** and Lappe et al*® used calcaneal
ultrasound to examine risk for stress fracture in mili-
tary personnel and both found ultrasound density
measures to be predictive of stress fracture risk.
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In order to prevent and/or more effectively treat
LEOBI in the future, a better understanding of its
risk factors is crucial. Therefore, the authors estab-
lished three purposes for this study: 1) to determine
the incidence of LEOBI over one academic year in
selected intercollegiate sports with confirmatory
medical diagnoses and describe the impact of LEOBI
on athletic participation and ADL (specifically walk-
ing and stair climbing), 2) to assess risk relationships
between LEOBI and selected potential modifiable
risk factors including hip abductor strength, foot
type, body mass index (BMI), changes in training,
calcaneal bone density, history of LEOBI, and men-
strual function, and 3) establish the viability of using
calcaneal densitometry as a screening tool for LEOBI.

METHODS

This study was approved by the Saint Louis Univer-
sity Institutional Review Board. It was a prospective
analytical cohort design in which collegiate athletes
in selected sports at one National Collegiate Athletic
Association (NCAA) Division I university were fol-
lowed for one academic year (August 2012 to May
2013). Sports were selected based on highest occur-
rence of LEOBI as recorded in the university intercol-
legiate athletic injury reports from the previous two
years. Research team members attended team meet-
ings for selected teams, described the research study
to athletes, and answered any questions pertaining
to the study. Athletes who elected to participate in
the research study completed informed consent.

Participants

Athletes on the swimming/diving team, women's
soccer team, field hockey team, and cross-country/
track team (including running and field events) were
invited to participate. Participants were between 18
and 23 years of age and were free of current lower
extremity injury. Exclusion criteria consisted of: 1)
age less than 18 years, 2) not a member of the swim-
ming/diving, women's soccer, field hockey or cross-
country/track teams, 3) unable to perform double
limb stance with symmetrical weight-bearing.

Procedures

Risk factor data was collected on all participants
prior to the start of the 2012-2013 fall season. Par-
ticipants were monitored over the academic year

for the development of LEOBI. Participants received
monthly email reminders asking them to report any
lower extremity pain to their team athletic trainer
(AT). At the end of the study period, two groups
were formed, participants with LEOBI and partici-
pants without LEOBI during the academic year.

Preseason Questionnaire

Participants completed a web-based questionnaire
including gender, academic collegiate year, athletic
collegiate year, sport, use of foot orthotics, lifetime
history of diagnosed lower extremity stress fracture,
history of medial leg pain in the last 12 months, and
for women, menstrual function history.

Height and Weight
A standard scale was used to measure weight (pounds)
and a wall-mounted tape measure was used to mea-
sure height (inches). BMI (kg/m?) was calculated
using the height and weight measures converted to
the metric system.

Isometric Hip Abductor Strength

Hand-held dynamometry (Microfet, Hogan Indus-
tries, Draper, UT) was used to measure bilateral iso-
metric hip abductor strength in sidelying using the
standard muscle testing position described by Kend-
all.*” Randomization of the initial test leg was deter-
mined by coin flip. Participants were then placed in
sidelying and the test leg placed into 30 degrees of
hip abduction. The tester stabilized the hip proxi-
mally at the iliac crest and provided an adduction
force at the knee approximately two cm proximal
to the lateral epicondyle.?” The break-test method
was used to elicit a maximal effort with the tester
blinded to the force being produced during the test.
The muscle contraction was performed for two sec-
onds and repeated two times, with a 30 second rest
period between each effort. The average force (in
Newtons) was calculated for the two trials.

Foot Posture Index

The Foot Posture Index - 6 (FPI-6) is a criterion
based visual assessment of midfoot, forefoot, and
rearfoot posture,*® and has been used in other stud-
ies examining the relationship of foot posture and
injury.*® Six regions of the foot are scored using a
5-point Likert scale and summed to provide a com-
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posite score with lower numbers reflecting a more
supinated foot and higher numbers a more pronated
foot. The FPI-6 was performed with the subject in
relaxed double limb stance with symmetrical weight
bearing with their arms at their side and head in
neutral. The examiner moved around the subject
based on the region of the foot being assessed and a
score was recorded. The composite score was calcu-
lated and used to classify foot posture categorically
as: highly pronated, pronated, neutral, supinated, or
highly supinated.

Calcaneal Densitometry

Calcaneal bone mineral density (cBMD) was deter-
mined quantitatively using the Sahara clinical bone
sonometer (Hologic, Inc, Waltham, MA). The authors
chose to examine cBMD using ultrasound densitom-
etry for three reasons. First, there is no exposure
to ionizing radiation with this measurement unlike
DXA, an important consideration when studying a
young adult population. Second, the ultrasound den-
sitometer is a relatively inexpensive and portable
device which requires minimal operator training and
minimal time to use. Third, ultrasound densitometry
has been shown to have similar prediction capability
for fracture risk as compared to DXA.>*

Prior to each day of testing, calibration of the den-
sitometer was assessed as described by manufac-
turer guidelines. The tester then applied an oil based
coupling gel (Hologic, Inc.) to both transducer pads.
Participants were seated in a straight-back chair
approximately 12-18 inches from the scanner and the
bilateral heels were inspected for abrasions or open
sores. The tester cleaned the sides of the heels with
a towelette and dried the heel prior to testing. The
subject’s foot was then placed into the foot well with
the heel firmly in the heel cup and the foot aligned
with the positioning line located between the second
and third toe. The positioning aid was then lowered
and the subject’s leg position adjusted to within two
finger widths between the anterior tibia and posi-
tioning aid. The positioning aid was firmly secured
to the leg with a strap and the subject was instructed
to remain still during the test. The subject’s heel
placement was checked to ensure proper placement
and the measurement was then initiated. The trans-
ducer pads moved to the measurement position and

the measurement was completed in less than 10 sec-
onds. Speed of sound (m/s) and an estimate of the
subject’s cBMD (g/cm?) was calculated by the unit.
The measures were recorded and the steps were
repeated for the subject’s opposite heel.

LEOBI Diagnosis

The LEOBI diagnostic process involved the team
athletic trainers (AT) and one designated univer-
sity sports medicine physician who was a member
of the research team. Participants with symptoms
suggestive of LEOBI as determined by the team ath-
letic trainer were asked to rate their pain using the
Nirschl scale (Table 1).”” Referral to the physician was
based on the following algorithm: 1) athletes with-
out LEOBI history presenting with Nirschl Levels 1-3
pain (pain not interfering with activity) suggestive
of LEOBI were monitored and routine interventions
were provided by the AT, 2) athletes with a history
of LEOBI presenting with Nirschl Levels 1-3 pain
suggestive of a new occurrence of LEOBI received
routine interventions by the AT and were referred
to the physician; 3) athletes presenting with Nirschl
Levels 4-7 (pain interfering with activity) suggestive
of LEOBI received routine interventions provided by
the AT and were referred to the physician.

The physician performed an examination of the
referred athletes to establish a medical diagnosis for
the athlete’s condition. The clinical criteria for diag-
nosis of medial tibial stress syndrome and stress
fracture were based on Kortebein et al*® and physi-
cian-selected provocative tests (Table 2). Examination
by the physician included radiographs, bone scans,
and/or MRI if indicated based on standard care.

Follow-Up of Athletes Diagnosed with LEOBI

Athletes diagnosed with LEOBI by the physician
were asked to participate in a brief follow-up exam
with a member of the research team. The follow-
up was scheduled within a week of diagnosis and
included a structured interview with the athlete with
questions regarding training changes prior to the
injury diagnosis and the impact LEOBI had on daily
activities and athletic participation. Female athletes
were queried regarding changes in menstrual func-
tion. Repeat calcaneal ultrasound densitometry also
was performed at this time on all athletes diagnosed
with LEOBI.
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Table 1. Nirschl Rating Scale*

Level

Description

Level 1

Stiffness or mild soreness after specific sport activity. Pain is usually
gone within 24 hours.

Level 2

Stiffness or mild soreness before specific sport activity that is
relieved by warm-up. Symptoms are not present during specific
sport activity, but return afterward, lasting up to 48 hours.

Level 3

Stiffness or mild soreness before specific sport activity. Pain is
partially relieved by warm-up, is minimally present during activity, but
does not interfere with the activity.

Level 4

Similar to Level 3 pain but more intense. Pain interferes with activity
causing the athlete to alter training or performance of the sport. Mild
pain occurs with activities of daily living, but does not cause a major

change in them.

change in them.

Level 5 Significant (moderate or greater) pain before, during, and after
activity, causing alteration of activity. Pain occurs with activities of
daily living (walking, stair climbing), but does not cause a major

Level 6 Level 5 pain that persists even with complete rest. Pain disrupts
simple activities of daily living.

Level 7 Level 6 pain that also disrupts sleep consistently. Pain is aching in
nature and intensifies with activity.

Table 2. Medial Tibial Stress Syndrome and Stress Fracture Differential Diagnosis

Medial Tibial Stress Syndrome

Stress Fracture

Presentation Middle or distal, diffuse,
posteromedial tibial pain with use

Focal bone pain progressively worsening

Exam Diffuse tenderness along
posteromedial tibia
No focal percussion pain
No distant percussion pain
Provocative tests* negative
Neurovascular evaluation normal

Focal tenderness

Focal percussion pain present
Distant percussion pain present
Provocative tests* positive
Neurovascular evaluation normal

*Tuning fork, single leg hop, fulcrum test

All athletes were asked to participate in repeat cal-
caneal densitometry at the end of the academic year
unless they had undergone a measurement within
the past three months. At the time of repeat mea-
surement, athletes were asked to complete a final
questionnaire that included sport, use of foot orthot-
ics, occurrence of medial leg pain over the past
academic year, and for women, menstrual function
over the past academic year.

Data Analysis

The primary outcome of interest was the occurrence
of diagnosed LEOBI. Overall participant demo-
graphics were analyzed using descriptive statistics

with breakdown by percentage of all athletes and
by sport. Incidence rates of LEOBI during the aca-
demic year were calculated for all athletes and by
sport. Potential risk relationships were investigated
using independent t-tests or ANOVA for continu-
ous measures which included quantitative BMI, hip
abductor strength, cBMD, and SOS. Chi-square was
used to analyze categorical measures including sex,
sport, categorical BMI, FPI-6, previous LEOBI, and
menstrual function. Relative risk for LEOBI was cal-
culated using 2x2 contingency tables with LEOBI/
no-LEOBI cross-tabulated with bivariate potential
risk factors. Data pertaining to changes in training
and the effect of LEOBI on sport participation and
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ADL acquired in interviews of athletes with diag-
nosed LEOBI were summarized by frequency counts.
Although efforts were made to collect all data points
from all participants, if there were missing data, the
analyses were conducted with a smaller sample size.

Reliability

To assess the reliability of the calcaneal densitometry
(SOS, ¢cBMD), the field hockey team was randomly
selected to have repeated density measures of both
feet at time of initial data collection. For FPI-6 reli-
ability, the FPI-6 of 15 volunteers was assessed with
the tester blinded to name and person and could
only visualize the lower leg and foot. Volunteers
were then presented in random order for a second
assessment of FPI-6. Intrarater reliability was calcu-
lated using intraclass correlation coefficients (3,1)
for cBMD and FPI-6. SPSS version 20.0 (Chicago, IL)
was used for all data management and analysis.

RESULTS

A total of 150 intercollegiate athletes from four sports
were invited to participate in the study, and 84 (56 %)
completed informed consent. Of the 84 athletes who
completed initial testing, 54 (64%) returned for fol-
low-up testing in May 2013. Athletes were contacted
multiple times and provided with multiple data col-
lection times to encourage follow-up. Reasons for
non-participation in follow-up were unknown. All
data points were collected on all 84 athletes at initial
visit except cBMD for one athlete was not collected
because of narrow heel size. All data points were col-
lected on all 54 athletes at time of follow-up. Par-
ticipant demographics are summarized in Table 3.
Mean BMI was significantly different between sport

Table 3. Participant demographics

teams (Table 4); athletes on the cross-country/track
team had significantly lower BMI than those on the
field hockey and swimming/diving teams.

Over the academic year, eight of the 84 athletes
(9.5%) were diagnosed with LEOBI; five with stress
fractures (one metatarsal, two tibial, one femoral,
and one pubic ramus) and three with MTSS. No
swimming/diving athletes were diagnosed with
LEOBI; five of the athletes with LEOBI were cross-
country/track athletes, two were soccer athletes,
and one was a field hockey athlete. A 2 x 2 contin-
gency table (Table 5) between sport (cross-country/
track, not cross-country/track) and LEOBI occur-
rence revealed a significant relative risk value of
2.26 (95% CI = 1.18-4.32) for the development of
LEOBI in cross-country/track athletes. There was
no significant association between the development
of LEOBI and sex (p=.43), BMI (p=.51), foot type
(Rp=1.0, L p=.76), hip abductor strength (R p=.28,
L p=.61), and menstrual function during the study
period (p=.57) in this group of athletes. Also, there
was no significant association between the occur-
rence of LEOBI and a history of exercise-related leg
pain (ERLP) over the past 12 months (p=.12) or a
history of stress fracture (p=.43). Of the eight ath-
letes with confirmed LEOBI, three athletes were
unable to participate in practice or competition fol-
lowing injury for a week or greater, and only one
of those reported that their LEOBI interfered with
ADL.

The calcaneal densitometer measures (SOS, cBMD)
for all athletes at the initial and follow-up visit
showed no significant difference (p>.05) between
the athletes who did and did not develop LEOBI,

Sport gth
Male Female FR SO JR SR
Year

Field Hockey 0 15 3 7 4 1 0
Soccer 0 24 9 7 5 3 0
Swimming/Diving 7 12 4 9 2 4 0
Cross-country/Track 13 13 6 12 6 1 1
Total 20 64 22 35 17 9 1

FR = freshman, SO=sophomore, JR=junior, SR=senior
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Table 4. BMI (mean and categorical) by sport

Mean BMI
(kg/m?) Underweight Normal Overweight
(<18.5kg/m?)  (18.5-24.9 kg/m?)  (25.0-29.9 kg/m?)

Field Hockey 23.29 0 12 3

Soccer 22.14 0 22 2
Swimming/Diving 23.22 0 14 5
Cross-Country/Track®  20.97 3 22 1

ALL 22.23 3 70 11

aSignificantly lower than field hockey and swimming/diving (p<.05)

Table 5. 2 x 2 Contingency Table (Sport x LEOBI)

Sport LEOBI No-LEOBI Total
XC/Track 5 21 26
Not XC/Track 3 55 58
Total 8 76 84

LEOBI=lower extremity overuse bone injury
XC=Cross-country
Chi-square=4.12 (p=.042); RR=2.26 (95% CI=1.18 — 4.32)

although there was a trend towards decreased SOS
and cBMD values in the athletes who developed
LEOBI at both measurement times (Table 6). Com-
parison of calcaneal densitometer measures (SOS,
cBMD) across the four sport teams using a one-way
ANOVA was significant, with the swimming/diving
team showing the lowest density measures (Table
7). Using post-hoc Tukey LSD analysis, the authors

found that the swimming/diving and field hockey
teams had significantly lower calcaneal densitom-
eter measures than the women’s soccer and cross-
country/track teams.

As swimming/diving athletes had significantly
lower cBMD and SOS bilaterally than the other three
teams (p<.005), less dry-land training as compared
to previous years, and no occurrence of LEOBI dur-
ing the academic year, the calcaneal densitometer
measures were analyzed (SOS, cBMD) for the sports
that were ground-based (cross-country/track, field
hockey, women’s soccer). This analysis revealed
a significantly lower R ¢cBMD in the LEOBI group
(p=.05), and a trend towards decreased L ¢cBMD in
the LEOBI group (p=.07) at the follow-up measure
(Table 8). To examine risk of developing LEOBI based
on c¢BMD, the authors dichotomized the ground-

Table 6. Initial (n=_84) and follow-up (n =54) calcaneal densitometry measures by group

Measure LEOBI Group No-LEOBI Group
(Mean £ SD) (Mean £ SD)
R SOS (Initial) 1595.0 +25.5 1606.3 +37.1
L SOS (Initial) 1597.4 +38.5 1605.0 + 33.1
R ¢BMD (Initial) 661 +.119 715+ .152
L ¢cBMD (Initial) 645 + 137 704 + 141
R SOS (Follow-up) 1587.1 £29.9 1603.3 +33.6
L SOS (Follow-up) 1593.2 +33.7 1605.0 +31.7
R ¢BMD (Follow-up) 619 +.140 694 + .130
L ¢cBMD (Follow-up) 649 + .150 715+ .137
LEOBI=lower extremity overuse bone injury
SOS= Speed of sound (m/s), cBMD= calcaneal bone mineral density (g/cm®)
All p values > 0.05
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Table 7. Bone densitometry measures by sport

Sport R SOS L SOS R ¢cBMD L ¢cBMD
Field Hockey 1594.8 +26.8 1600.7 £24.6 667 +.110 687 +.098
Soccer 1625.8+ 40.3 1619.1 £37.8 786 +.179 758 +.169
Swimming/Diving 1580.7+27.9°  1579.9 £20.7°  .627 £.115° 610 +.084°
XC/Track 1610.8+ 30.8 1610.5 £32.3 729 +.128 714 + 141

SOS= Speed of sound (m/s), cBMD= calcaneal bone mineral density (g/cm”)

XC=Cross-country
R SOS F=7.44 (p=.000); L SOS F=6.30 (p=.001)
R ¢cBMD F=5.18 (p=.003); L cBMD F=4.54 (p=.005)

*Significantly lower than soccer and cross-country/track (p<.05)

"Significantly lower than soccer (p<.05)

Table 8. Initial and follow-up bone densitometry measures of ground-based athletes by

group (n = 64 athletes at initial, n=44 at follow-up)

LEOBI Group Non-LEOBI Group
Measure
(Mean £ SD) (Mean = SD)
R SOS (Initial)* 1595.0 £25.5 1615.0 £35.9
L SOS (Initial)* 1597.4 £38.5 1613.4+£32.3
R ¢cBMD (Initial)* 661 £.119 745 £ 151
L ¢cBMD (Initial)* .645 + 137 735+ .143
R SOS (Follow-up) * 1587.1 £29.9 1610.3 £32.9
L SOS (Follow-up)* 1593.2 £33.7 1612.0 £30.0
R ¢cBMD (Follow-up)® 619 £ .140 722 £ .127
L ¢cBMD (Follow-up)* 649 £ 150 745+ .129
LEOBI=lower extremity overuse bone injury
SOS= Speed of sound (m/s), cBMD= calcaneal bone mineral density (g/cmz)
*p>.05
bp:.OS
‘p=.07

based athletes into two groups for each foot, those
with ¢cBMD greater than or equal to the ground-
based athletes group mean, and those with ¢cBMD
below the ground-based athletes group mean. The
relative risk for developing LEOBI based on L cBMD
below the group mean was 2.1 (95% CI = 1.09-3.35)
and based on R cBMD below the group mean was
1.53 (95% CI=.80- 3.06).

From the cBMD reliability study (Table 9), the intra-
class correlation coefficient values (ICC ;) were all

greater than 0.95, indicating a high level of measure-
ment consistency. The intratester correlation coef-
ficient value (ICC , ) for the FPI-6 was .82 (95% CI
.61-.92) aggregated across both feet.

DISCUSSION

The first purpose of this study was to quantify the
incidence of LEOBI in a select group of collegiate
athletes during an academic year with confirmatory
medical diagnosis, and to describe the impact of the
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Table 9. Calcaneal densitometer reliability (n=15)

Measure T1 T2 ICC 3,

L ¢cBMD 0.687 0.693 0.953

L SOS 1600.7 1602.8 0.974

R ¢cBMD 0.667 0.678 0.980

R SOS 1594.8 1600.0 0.969

SOS= Speed of sound (m/s), cBMD= calcaneal bone mineral density (g/cmZ)

LEOBI on sport and ADL. Ten percent of athletes
developed LEOBI over the academic year, five with
stress fractures and three with MTSS, and all were
female except one. The incidence of stress fracture
in this study (5/84 = 6%) across all four sports was
slightly higher than the previously reported range
of 1.9%° to 3.7%? in a mixed group of collegiate ath-
letes. Among the cross-country/track athletes in
the current study, 15% (4/26) developed stress frac-
tures, well within the range of 11%%* to 21 %% previ-
ously described in college track and field athletes.
The incidence of MTSS in this study (3/84=3.6%)
is on the low end of the incidence range of 4%-35%
described in the literature.??*

In the physician referral algorithm, an athlete either
had to have 1) a Nirschl pain rating of 4 or greater,
meaning that their LEOBI was interfering with sport
participation, or 2) a Nirschl pain rating between 1
and 3 (non-interfering pain) with a history of LEOBI.
Of the eight athletes diagnosed with LEOBI by the
physician, three were referred to the physician with
a Nirschl pain of 4 or greater, and five had a pain rat-
ing of less than 4, but had a history of LEOBI. In the
latter group, all five athletes reported that the LEOBI
pain had either no effect or a minimal effect on sport
participation including practice and competition,
and none of these athletes had any interference in
ADLs. The group of athletes who had a Nirschl pain
rating of 4 or greater were all cross-country/track ath-
letes and all reported they were unable to practice or
compete in their sport because of LEOBI. Only one
of these three athletes reported that LEOBI signifi-
cantly interfered with ADLs; the other two athletes
reported pain with ADLs but no ADL interference.

The second purpose of this investigation was to
determine if there was a risk relationship between
the occurrence of LEOBI and potential modifi-
able risk factors. The potential factors selected: hip
abductor strength, foot type, BMI, changes in train-

ing, calcaneal bone density, previous episode of
LEOBI, and menstrual function, were based on the
authors’ research experience and the evidence sum-
marized in the introduction. In this group of 84 ath-
letes, no significant association was found between
the occurrence of LEOBI and hip abductor strength,
foot type, BMI, changes in training, previous episode
of LEOBI, or menstrual function.

Although two studies have shown an association
between hip abductor weakness and overuse injury,*”*®
this relationship was not found in the current study.
Niemuth et al?” used a hand-held dynamometer to
assess hip abductor strength as was done in the cur-
rent study, but his study population was a group of
30 injured recreational runners and a random group
of' 30 non-injured runners. Also, Niemuth et al* et al
defined “injury” to include any lower extremity over-
use injury. Verrelst et al® used an isokinetic device
to measure hip abductor strength in a group of colle-
giate freshmen female students in physical education
and followed them over a three month period for the
occurrence of exertional medial tibial pain. Their defi-
nition of injury was limited to medial tibial pain asso-
ciated with exercise. In both studies, subjects were not
intercollegiate athletes and the definition of injury dif-
fered from the one used in the current study.

The evidence pertaining to the relationship between
foot type and LEOBI is conflicting with some stud-
ies supporting a risk relationship®>?*** and others not
supporting the relationship.®1213495952 Varying among
studies is the specific measurement used to assess
foot type including navicular drop,>®'*!3 static rear-
foot position,**** medial longitudinal arch,'? standing
foot angle,® plantar pressure,* the FPI-6,*°"5? and
foot kinematics during gait.>* The authors assessed
foot type using the FPI-6,® a scoring tool that uses
scores observations of the rearfoot, midfoot, and fore-
foot in order to create a composite score that allows
the foot to be classified as highly pronated, pronated,
neutral, supinated, or highly supinated. The cur-
rent results were consistent with those studies that
did not find a relationship between foot type and
injury,81213493052 three of which used the FPI-6.49°02

In a narrative review of risk factors for ERLP, Neely®*
reported an association of high or low BMI with
ERLP occurrence, but this evidence was drawn from
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studies of ERLP in military populations only. In this
group of collegiate athletes, BMI was not associated
with the incidence of LEOBI, consistent with find-
ings of other studies involving collegiate athletes. >3

Two of the eight injured athletes in the current study
described training changes in the two months pre-
ceding the injury diagnosis as “abrupt.” While all
injured athletes reported an increase in training
volume prior to their injury, most athletes (6/8)
described the change as a gradual increase in vol-
ume. Two previous studies of overuse bone injury
in high school and collegiate athletes**° reported an
association of self-reported increased training vol-
ume and stress fracture occurrence. Goldberg and
Pecora? reported that freshman athletes were more
at risk for stress fracture occurrence and speculated
that the increase in training from high school to col-
lege was a causal factor. Only two of the eight injured
athletes in the current study were freshman, and
one of those reported an abrupt increase in training
prior to injury.

Menstrual function in female athletes was not asso-
ciated with the development of LEOBI in this sam-
ple. Of the eight injured athletes, seven were female
but only one athlete (14%) reported either amenor-
rhea or oligomenorrhea in the past year, and three
(43%) in their lifetime. Of the non-LEOBI group of
female athletes, eight (24%) reported either amen-
orrhea or oligomenorrhea in the past year, and 17
(30%) in their lifetime Although the association of
menstrual dysfunction and overuse bone injury is
well-established, #3442 the current results did not
corroborate with these findings. This difference may
be accounted for by the current study’s reliance on
self-report of menstrual function as well as the pro-
spective rather than cross-sectional design.

For all athletes, there was no significant difference in
c¢BMD or SOS between LEOBI and no LEOBI groups
at the initial measurement and follow-up, However,
based on unique circumstances associated with the
swimming/diving athletes over the course of the
study, the authors decided to examine athletes in
ground-based sports separately. In the two years
prior to the current study, the swimming/diving
team was among the top three teams for numbers
of athletes with stress fracture. During the academic
year of this study, there was an intentional decrease

in “dry-land” training of the athletes on the swim-
ming/diving team. The authors believe that this had
a strong effect on the absence of LEOBI among these
athletes. At the follow-up densitometry measure-
ment for the ground-based athletes only, the ath-
letes with LEOBI had a significantly lower cBMD in
the R foot (p=.05) and a difference trending toward
significance (p=.07) in the L foot. The presence of
L ¢cBMD less than the group mean increased the risk
of developing LEOBI by two-fold. In spite of the rela-
tively small number of athletes with LEOBI in this
pilot work, these data support previous findings that
have shown an association between decreased BMD
and LEOBI using DXA.”** Although Prouteau el al*
did not find a difference in ¢cBMD or SOS between
female athletes with and without a history of stress
fracture, they did find a difference in the fractal
parameter of trabecular bone. This parameter is an
indirect measure of trabecular micro-architecture,
and the authors reported that when this parameter
was combined with BMI at birth, it correctly iden-
tified 85% of female athletes in the stress fracture
group. This evidence supports the current finding
of a bone difference between those who do and do
not develop LEOBI. It is noteworthy, however, that
the current study was a prospective cohort design
whereas the Proteau et al study** was cross-sectional
and did not control for the time elapsed from stress
fracture diagnosis.

The third purpose of the current study was to estab-
lish the viability of using calcaneal densitometry as
a screening tool for LEOBI. Overall, the cBMD and
SOS measures were found to exhibit high reliabil-
ity. These results, combined with the differences
observed in bone density between athletes with
and without LEOBI in a small pilot sample, provide
support for the use of calcaneal densitometry as a
screening tool to identify athletes at risk for LEOBI.

A history of LEOBI has been shown to be a risk fac-
tor for the development of a new occurrence in mul-
tiple studies,'®'213?2 and a recent systematic review
of MTSS risk factors® found a history of MTSS to be
one of the strongest risk factors for the development
of MTSS. In the initial questionnaire, athletes were
queried about both a history of stress fracture and a
history of ERLP. Although neither of these contin-
gency tables revealed a statistically significant risk
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association, five of the eight injured athletes (62.5%)
reported a history of ERLP whereas 34% of the non-
injured athletes reported a history of ERLP.

The authors recognize several limitations of the cur-
rent study. First, the sample of collegiate athletes was
limited to athletes in one midwestern NCAA Divi-
sion I university. Second, although all athletes in the
four selected sports were invited to participate, only
slightly more than half of those athletes consented
to participate. The authors are aware of multiple
athletes in the group that did not consent to partici-
pate who also presented with LEOBI symptoms, but
as these athletes were not consented, no risk data is
available for these athletes. Third, the authors relied
on the athletes’ self-report of symptoms of LEOBI to
the team athletic trainer in order to apply the deci-
sion rules pertaining to physician referral and poten-
tial LEOBI diagnosis. Fourth, the authors recognize
that only a small sample size of athletes were diag-
nosed with LEOBI over the academic year, limiting
statistical power to effectively detect differences.
Finally, there are limited data pertaining to calcaneal
density in an active collegiate-aged population.

Conclusions

From this pilot work of risk factors for LEOBI in col-
legiate athletes, the incidence of LEOBI was found to
be approximately 10%. The identified risk factors for
LEOBI based on significant relative risk values were
sport (cross-country/track) and decreased L cBMD.
Calcaneal BMD was a relatively stable measure over
the nine-month period of study. These pilot data
suggest need for further investigation into the pre-
dictive property of ¢cBMD screening for LEOBI with
a larger and more diverse sample as well as multi-
year monitoring. Also, there is a need for additional
c¢BMD data in college-aged individuals who are not
intercollegiate athletes for comparison purposes.
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