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Medial Tibial Stress Syndrome in
High School Cross-Country Runners:
Incidence and Risk Factors

veruse injuries of the shin are common in military recruits***

and recreational??+14245

and competitive cross-country

runners.?*39 Medial tibial stress syndrome (MTSS) is an
exercise-induced, localized pain along the distal two thirds
of the posterior-medial tibia and can be a debilitating injury in
runners.'n18272843 Tn studies of recreational runners, MTSS has been
reported as the most*' or second most frequently diagnosed injury.®

Clement et al® reported that the incidence
of MTSS was higher among female run-
ners (16.8%) than male runners (10.7%).

Improper foot biomechanics, such as a
static pronated foot, lower standing foot
angle (angle between the medial malleo-
lus-navicular tubercle-first metatarsal
head), varus rearfoot and/or forefoot, and
greater maximum pronation and prona-
tion velocity have been associated with
MTSS in athletic populations, especially
among runners.?”*%*> An excessively pro-
nated foot and increased navicular drop,
a measure of pronation, appear to be as-
sociated with MTSS injury. Bennett et al®
found that excessive navicular drop mea-
surements correctly identified 64% of
MTSS cases in high school cross-country
runners. The combination of gender and
navicular drop increased the accuracy of
MTSS identification to 76%.5 However,
the authors measured navicular drop af-
ter injury occurrence and then compared
the values to an equal control group of
uninjured runners. A prediction rule

based on a post hoc measurement may
introduce bias into the study, which could
influence the results.

Menz?¢ suggested that navicular drop
should be normalized to the size of the
foot to be a valid measure of pronation.
Navicular height divided by full and
truncated foot length has been report-
ed to have high concurrent validity.*
Saltzman et al® reported that navicular
height divided by foot length was most
closely related to 3 measurements de-
scribing the medial longitudinal arch on
radiograph (calcaneal angle, talar head
height to truncated foot length ratio,
and calcaneal-first metatarsal angle). In
a prospective study of Navy SEAL can-
didates, Kaufman et al® measured the
candidates’ static foot position using
navicular height in full weight bearing,
divided by truncated foot length, to de-
termine bony arch index. The authors
reported an increased risk relationship
between a greater normalized navicular
height and overuse injury. To our knowl-
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edge, navicular drop normalized to foot
length has not been studied in the high
school running population.

In 2004, over 372000 students par-
ticipated in interscholastic cross-country
running in the United States.*® However,
few studies have examined risk factors
in high school cross-country runners.%2?
While excessive navicular drop was found
to be predictive of MTSS, a limitation of
Bennett et al’s® findings was that they
measured navicular drop postinjury.
Therefore, the purpose of this study was
(1) to determine the cumulative seasonal
incidence and overall injury rate of MTSS
and (2) to determine the relationship be-
tween navicular drop and MTSS in high
school cross-country runners. It is im-
portant to prospectively identify modifi-
able risk factors so that strategies may be
implemented to minimize injury occur-
rence. If risk for injury can be identified
prior to the cross-country season using
navicular drop normalized to full or trun-
cated foot length, interventions such as
custom orthotics or shoe wear prescrip-
tion may be recommended to the runner
to help minimize potential time lost from
sport participation. As the development
of MTSS is likely multifactorial, we also
examined other previously reported risk
factors such as gender, running experi-
ence, previous running injury, and body
mass index (BMI).6:710,1517,34:48

METHODS

HE PRIMARY INDEPENDENT VARIABLE

of interest for potential risk factors

was navicular drop. Thus, the main
power analysis was based on the power
needed to detect a risk association between
navicular drop and MTSS. A priori, based
on Rauh et al’s* shin injury rates, using a
prospective cohort design, a power of 0.80,
an alphalevel of .05, a conservative expect-
ed estimate of 20% of noninjured (MTSS)
runners having a navicular drop greater
than 10 mm, an expected estimate of 45%
of injured (MTSS) runners with a navicular
drop greater than 10 mm, and an approxi-
mate relative risk of 2.0 or corresponding

odds ratio of 3.5, a sample of 110 runners
was determined necessary to show a sta-
tistically significant association between
navicular drop and MTSS injury.

We followed 8 high school cross-coun-
try teams in Southwest Indiana during
the 2004 season. Of the 130 eligible cross-
country runners 105 (81%, 46 girls and 59
boys) consented to participate. The sub-
jects were aged 14 to 19 years. Runners with
current MTSS symptoms or stress fracture,
or lack of medical clearance to participate
prior to the beginning of the study were
excluded. The study was approved by the
Rocky Mountain University of Health Pro-
fessions Institutional Review Board. All
subjects provided informed consent and
guardian/parental consent was obtained
for athletes less than 18 years of age.

Injury and Participation Data

Coaches and certified athletic train-
ers were trained in using the Athletic
Health Care System Daily Injury Report
(DIR).3*% The DIR was completed on a
daily basis for the entire season to record
each runner’s practice and cross-country
meet participation, absences, limitations
and time lost from participation due to
injury. We met with the coaches and cer-
tified athletic trainers monthly to collect
the injury reports. The DIR was reviewed
and compared to the team’s practice and
competition schedule to ensure accurate
and complete reporting. If a runner re-
ported shin pain to the coach or certified
athletic trainer, the principal investigator
(a licensed physical therapist and certi-
fied athletic trainer) or the team’s certified
athletic trainer examined the runner to
determine if he or she met the criteria for
MTSS. MTSS was defined as continuous
or intermittent pain in the tibial region,
exacerbated with repetitive weight-bear-
ing activity, and localized pain with pal-
pation along the distal two thirds of the
posterior-medial tibia.

Navicular Drop

At the beginning of the season, the na-
vicular drop of both feet was measured
for each runner by 1 investigator (R.T.T.).

A fine-tipped marker was used to mark
the most prominent point of the navicu-
lar tubercle on the runner’s feet in a sitting
position. Then, in a unilateral standing
position, the runner’s foot was placed in
subtalar neutral. Subtalar neutral was de-
termined by palpating the neck of the ta-
lus, then the runner was asked to supinate
and pronate his/her foot until the talus
was equally prominent under the inves-
tigator’s thumb and forefinger.® Runners
were allowed to maintain their balance by
placing a hand on a handrail during uni-
lateral stance. A ruler was placed next to
the medial foot perpendicular to the floor
and was read (mm) at the height of the
navicular tubercle. The runner was then
instructed to relax the stance foot. The
ruler was again read at the height of the
navicular tubercle. The 2 measurements
were recorded and the difference value
was documented as navicular drop.

Foot Length

Each runner stood on a Brannock Foot-
Measuring Device (The Brannock Device
Company, Liverpool, NY), while full and
truncated foot length (mm) was measured
by 1 investigator (M.S.P.) for each foot.?
The Brannock device is a common mea-
suring device used in shoe stores to de-
termine shoe size and width. The device
measures full foot length as well as trun-
cated foot length. A tape measure (mm)
was placed on the Brannock device to ob-
tain full foot length measurement (mm)
rather than shoe size. A straightedge was
placed from the moveable arch length
pointer at the first metatarsophalangeal
joint position to determine the truncated
foot length on the tape measure. Full foot
length was defined as the measurement
from the most posterior aspect of the
calcaneus to the tip of the longest toe.¢
Truncated foot length was defined as the
measurement from the most posterior as-
pect of the calcaneus to the center of the
first metatarsophalangeal joint.%

Pilot Reliability Study
Prior to the prospective study, 22 high
school athletes were measured during
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FIGURE. Receiver operating characteristic (ROC) curve
for medial tibial stress syndrome related to normalized
right navicular drop divided by truncated foot length.
Diagonal segments are produced by ties.

their sports physicals to establish in-
trarater reliability for navicular drop
and foot length measurements. The
reliability was tested for 2 methods of
measuring navicular drop. Navicular
drop was initially measured by marking
each height on an index card. Navicular
drop was then measured using a ruler
as described previously. Intrarater na-
vicular drop measurement using a ruler
was found highly reliable (intraclass
correlation coefficient [ICC] = 0.88-
0.91) and was therefore used in the
prospective study. Similarly, high intra-
rater reliability was found for full-foot
(ICC = 0.99) and truncated-foot length
(ICC = 0.97-0.99) measurements with
the Brannock device.

History Forms

All runners completed a baseline history
form that addressed the runner’s age,
gender, height, body mass, limb domi-
nance, history of lower extremity injury
or pain, running experience (number
of years running), and orthotic or tape
use. At the end of the season, all runners
completed a follow-up questionnaire that
addressed injuries during the season,
whether the athlete had a radiograph or
bone scan to diagnose a stress fracture,
orthotic or tape use, and type(s) of foot-
wear used while running.

| RESEARCH REPORT |

Data Analysis

We calculated several injury rates for
MTSS. Cumulative seasonal incidence
was the number of runners who incurred
anew MTSS injury during the 2004 sea-
son, divided by the total number of run-
ners. The overall injury rate was the total
number of MTSS injuries (initial and
subsequent) per 1000 athletic exposures
(AEs). An AE was defined as each time
a runner took part in a practice or meet
without limitation of injury, thus being
exposed to risk of injury.?® Three time-
loss classifications were used to assess
injury severity: (1) mild, 1-4 days lost; (2)
moderate, 5-14 days lost; and (3) major,
15 or more days lost.>>* Injury rate ratios
and their 95% confidence intervals (CIs)
were estimated to compare rates between
girls and boys.

Descriptive statistics were calculated
for runners’ baseline characteristics.
Navicular drop was normalized to full
foot length and truncated foot length
to account for foot size. Those in the
group with less than or equal to a 10-
mm navicular drop were considered the
referent group.” Navicular height in
subtalar neutral was also normalized to
foot length (normalized navicular neutral
height). In addition, because thresholds
for navicular drop in runners have not
been well established, receiver operating
characteristic (ROC) curve analysis was
used to identify the cutoff point for na-
vicular drop, normalized navicular drop,
and normalized navicular neutral height,
using full and truncated foot length to
normalize data (FIGURE). The point on the
curve was identified by analyzing the sen-
sitivity and specificity at multiple values
for the navicular drop data and selecting
the point that yielded the optimal sensi-
tivity and specificity.®! Navicular drop was
also evaluated by the absolute difference
between a runner’s right and left navicu-
lar drop measurement, with a difference
of less than or equal to 3 mm considered
as the referent group.

From the questionnaire, BMI was cal-
culated from body mass (kg) and height
(m) as body mass/height?. BMI was cate-

gorized using the following quartiles: Q1,
low (<18.8); Q2,18.8 t0 20.1; Q3, 20.2 to
21.6; and Q4, high (>21.6). Q2 was used
as the referent group. The questionnaire
also addressed history of running experi-
ence and previous injury. Those who re-
ported greater than or equal to 4 years of
running experience or no history of previ-
ous running injury were considered the
referent groups.

Crude odds ratios with a 95% confi-
dence interval (CI) were calculated for
MTSS for all runners and by gender,
comparing the individuals in a high-risk
group versus the individuals in a baseline
or referent group for each of the potential
risk factors. For multivariate analyses, the
measure of association was the adjusted
odds ratio, which was generated from a
logistic regression analysis. In the mul-
tivariate regression model, we included
those variables that were significant
(P<.05) in the univariate analysis (BMI),
and those which are known to potentially
confound the risk relationship (gender,
running experience, and orthotic use).

All analyses were completed using
SPSS for Windows, Version 13.0 (SPSS
Inc, Chicago, IL).

RESULTS

ASELINE CHARACTERISTICS OF THE

study sample are presented in TABLE

1. The runners’ average (=SD) age,
body mass, and height were 16.0 = 1.0
years, 59.8 * 9.3 kg, and 1.71 * 0.10 m,
respectively. All runners completed the
preseason and end-of-season question-
naires. Girls reported a higher percentage
of previous running injury (47.8%) than
boys (33.9%).

During the 13-week cross-country
season, 16 runners (15.2%) incurred 17
MTSS injuries. The MTSS injury rate in
girls (4.3/1000 AEs) was not significantly
different from the rate in boys (1.7/1000
AEs, P = .11) (TABLE 2). Most MTSS inju-
ries were mild (2.5/1000 AEs), resulting
in 1 to 4 days lost from participation.

The Figure shows the ROC curve for
MTSS related to normalized right navicu-
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BASELINE CHARACTERISTICS OF HiGcH
TABLE 1 ScHooL CROSS-COUNTRY RUNNERS DURING THE
2004 CROSS-COUNTRY SEASON
VARIABLES TOTAL (n =105) n (%) GIRLS (n = 46) n (%) BOYS (n = 59) n (%)
Body mass (kg)
<540 26 (24.8) 22 (478) 4(6.8)
540-590 32(305) 17 (370) 15(25.4)
591-65.5 21(20.0) 5(109) 16 (271)
>65.5 26 (24.8) 2(4.3) 24.(407)
Height (m)
<165 25(238) 22 (478) 3(51)
165-1.70 29 (276) 19 (41.3) 10 (169)
171-178 29 (276) 5(109) 24.(407)
>178 22 (21.0) 0(0.0) 22 (37.3)
BMI (kg/m2)*
<188 25(238) 10 (217) 15(25.4)
18.8-20.1 29 (276) 16 (34.8) 13(22.0)
20.2-216 25(23.8) 9(196) 16 (271)
>21.6 26 (24.8) 11(239) 15(25.4)
Grade
th 12 (11.4) 4(87) 8(13.6)
10th 29 (276) 9(196) 20(339)
1ith 35(33.3) 22 (478) 13(220)
12th 29 (276) 11(239) 18(30.5)
Running experience ()
0 3(29) 2(43) 1(17)
1 10 (96) 3(6.5) 7(119)
2 19(181) 12(26.) 7(119)
3 19(18.) 9(196) 10(169)
=4 54 (51.4) 20 (43.4) 34 (578)
Number of previous injuries
0 63 (60.0) 24 (52.2) 39(66.1)
1 25(23.8) 15(32.6) 10 (169)
2 11(10.5) 7(15.2) 4(6.8)
=3 6(57) 0(00) 6(10.2)
Navicular drop (mm)f
<10 44.(419) 20 (43.5) 24(407)
>10 61 (58.1) 26 (56.5) 35(59.3)
* Body mass index, weight (kg)/height (m)>.
" Average of right and left navicular drop.

lar drop divided by truncated foot length.
ROC curves for all other variables were
fundamentally similar and the area under
the curves varied from 0.480 to 0.590.
None of the variables showed a signifi-
cant relationship with MTSS.

Runners with a navicular drop of
greater than 10 mm and a greater than 3
mm left-to-right difference in navicular

drop had a similar risk of MTSS com-
pared to runners with a navicular drop
of less than or equal to 10 mm or a left-
to-right difference of less than or equal to
3 mm, respectively (P>.05) (TABLE 3). The
power of this analysis to detect a clinical-
ly meaningful 3-fold difference in these
rates was 0.89 and 0.85, respectively.
Runners in the Q3 BMI group (20.2-21.6

kg/m?) were 5 times more likely to incur
MTSS than runners in the Q2 referent
group.

After adjusting for factors that were
associated with risk of MTSS in the
univariate analyses and gender (as it
was nearly significantly associated with
MTSS), the adjusted model for MTSS in-
cluded gender (female) and higher BMI
(TABLE 4). However, when we controlled
for orthotic use, only BMI was associated
with risk of MTSS in the final adjusted
model.

The final model was examined for
outliers and goodness of fit, using stan-
dardized residuals and other diagnos-
tic methods. With all 105 subjects, the
Nagelkerke R* was 0.126, and the Hos-
mer and Lemeshow x?was 6.07 (P =.53).
The Cook’s distance for each subject was
assessed and none were greater than 1.00
(the greatest was 0.173). However, 5 sub-
jects had standardized residuals greater
than 3.00, indicating they were possible
outliers. The logistic regression was re-
peated with these 5 subjects excluded, and
the model did improve slightly. With an n
of 100, the Nagelkerke R? was 0.347 and
the Hosmer and Lemeshow x? was 4.95
(P = .67). In spite of the improvement in
the model, no additional predictor vari-
ables were statistically significant; there-
fore, we chose to retain all 105 subjects
in the analysis. Support for this position
comes from the fact that with the full data
set, all of the DFBetas for each predictor
variable were less than 1.00, and a review
of the data for these 5 subjects failed to
reveal any unique characteristics.

DISCUSSION

HE PURPOSE OF THIS STUDY WAS TO
Tdetermine the incidence and iden-

tify risk factors for MTSS among
high school cross-country runners. The
percentage of runners who incurred a
MTSS injury was 15.2%, for an overall
injury rate of 2.8/1000 AEs. After adjust-
ing for gender and orthotic use, runners
with a higher BMI were at increased risk
of MTSS.
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INJURY RATES OF MEDIAL TIBIAL STRESS SYNDROME
IN HigH ScH0oOL CROSS-COUNTRY RUNNERS

TABLE 2

TOTAL (n = 105) GIRLS (n = 46) BOYS (n = 59)

n RATE* n RATE* n RATE*  RATE RATIO! 95% CIt

Overall 17 2.8 1 43 6 17 2.5 (09,82)
Injury severity?

Mild 15 25 10 39 5 14 2.7 (0.8,76)

Moderate 2 03 1 04 1 03 14 (0.1,1070)

Major 0 00 0 0.0 0 00 NA NA

each time a runner took part in a practice or meet without limitation of injury, thus being exposed
to risk of injury (total, 5986 athletic exposures; girls, 2533 athletic exposures; boys, 3453 athletic
exposures,).

" Rate ratio, girls/boys.

* All 95% confidence intervals P>.05.

$ Injury severity: mild (1-4 days lost), moderate (5-14 days lost), major (=15 days lost).

* Overall injury rate: number of medial tibial stress syndrome injuries/1000 AEs; AE, athletic exposure:

MEDIAL TiBIAL STRESS SYNDROME INJURY
Risk 1N Hica ScHOoOL CROSS-COUNTRY RUNNERS
BY POTENTIAL Risk FACTORS

TABLE 3

TOTAL (n = 105)

CHARACTERISTIC n AT RISK % INJURED OR (95% CI)
Gender

Male 59 102 10

Female 46 217 25 (09,74)
Navicular drop (mm)*

<10 38 158 10

>10 67 149 09 (0.3,28)
Left-to-right difference in navicular drop (mm)

03 82 171 10

>3 23 87 05 01,22)
BMI (kg/m?)t

QLlow 25 160 26 (0.4,15.4)

Q2 29 69 10

Q3 25 280 53 (1.0,28.2)¢

Q4 high 26 115 18 (0.3,11.5)
Grade

Sth 12 167 10

10th 29 69 04 (0.0,3.0)

11th 35 171 10 (0.2,6.0)

12th 29 207 13 (0.2,76)
Running experience ()

03 51 157 09 03,27)

4+ 54 148 10
Previous injury

0 63 11 10

1+ 42 214 22 (07, 6.4)

* Nawvicular drop of at least 1 limb <10 or >10 mm.
" Body mass index quartiles for all subjects: <18.8, 18.8-20.1, 20.2-21.6, >21.6.
P<.05

To our knowledge, this is the first study
to report rates of MTSS using a denomi-
nator that accounted for actual number of
practice and competitive-event exposures
in high school runners, which may affect
the injury rate. We reported our overall
rates of MTSS by adjusting for AEs for
future comparisons to other running and
athletic studies who might report MTSS
rates also using the same denomina-
tor.?>3 As Bennett et al® did not report
rates of MTSS by AE, our findings cannot
be directly compared with their study of
125 high school cross-country runners.
However, for comparison purposes, our
cumulative seasonal incidence estimates
of MTSS for the overall sample (15.2%)
and girls (21.7%) was similar to their cu-
mulative incidence estimates of 12% and
19.1%, respectively.® The characteristics
assessed in our study were not signifi-
cantly different between girls and boys.
While others have suggested women
may be more likely to report their injury
symptoms than men,? we did not observe
this phenomenon in our study.

In our study, most MTSS injuries
caused runners to miss 4 or less days
from participation in practices or meets.
We are unaware of any study that has
reported time lost due to MTSS among
high school runners. Our findings, how-
ever, are comparable to other high school
cross-country studies that reported that
most injuries are minor,*>** and also
suggest that most MTSS injuries were
reported and managed early in the in-
flammatory stage.

We found that runners with higher
BMI were more likely to incur MTSS. We
are unaware of any other study that has re-
ported this association in a similar popula-
tion. While this finding is consistent with
other studies in military recruits,>'>19:20
BMI remains an equivocal risk factor
for any type of lower extremity injury in
other studies of high school, recreational,
and recruit populations.?**>38 A limitation
of our finding may be that we used run-
ners’ self-report of height and body mass,
which may not be comparable to studies
that used direct measurement.
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Runners who reported a previous run-
ning injury were over 2 times more likely
to incur an MTSS injury, but the associa-
tion was not statistically significant (odds
ratio [OR], 2.18; 95% CI: 0.7, 6.4), with
similar reports among girls and boys.
Other researchers have reported an asso-
ciation between prior injury and current
injury.>** As the small number of MTSS
cases observed likely accounted for the
nonstatistical finding, the trend suggests
that prior injury may play a role in the oc-
currence of MTSS and warrants further
investigation.

Also noteworthy, we found that run-
ners who had a MTSS injury were 3 times
as likely to report orthotic use (OR, 3.0;
95% CI: 0.9, 9.4), but the association
was not statistically significant due to the
small number of runners who incurred a
MTSS injury. Further, we observed that
runners who reported orthotic use were
4 times more likely to report a previous
injury (OR, 4.0; 95% CI: 1.5, 11.0). Thus,
runners who reported orthotic use may
have been fitted with orthotics to address
pain or injury that occurred previously.
As girls were over 3 times more likely to
report orthotic use than boys (OR, 3.3;
95% CI: 1.2, 8.9), this relationship may
help explain gender becoming not statis-
tically significant with MTSS in the final
model that adjusted for orthotic use.

Average navicular drop has been re-
ported to range from 3.0 to 9.5 mm in
healthy subjects,>6:10:212429.303557 wjth the
average navicular drop observed in run-
ners with MTSS to be 6.8 to 8.9 mm.5%°
The mean (*=SD) values for navicular
drop in our study (11.0 = 3.6 mm for
noninjured runners and 11.2 * 4.5 mm
for runners who developed MTSS) were
generally higher than previously reported
values. This discrepancy in findings may
be due to differences in the specific mea-
surement technique. The height of the
navicular tubercle is commonly marked
on an index card placed next to the foot,
with the distance between the marks dur-
ing neutral and relaxed stance reflective
of the navicular drop. Depending on the
thickness of the marker used to draw

the line on the index card, this has the
potential to underestimate the actual
navicular drop distance. As we were un-
aware of any study that has determined
if this method is more reflective of actual
navicular drop than direct measure with
a ruler, we conducted a reliability study
of each method prior to undertaking this
investigation. Our findings demonstrated
that both techniques were reliable (index
card, 0.84-0.88; ruler, 0.88-0.91).
Currently, there is no standard crite-
rion for what defines an abnormal na-
vicular drop. We employed a ROC curve
analysis to identify a threshold value for
navicular drop; however, no value was
found that could accurately predict run-
ners who would sustain a MTSS injury.
Therefore, we used both a 7-mmS¢ and 10-
mm? criterion, with neither demonstrat-
ing a significant risk association between
navicular drop and MTSS. Furthermore,
navicular drop and navicular neutral
height, each normalized to the truncated
foot length, failed to significantly predict
MTSS in the runners we studied.
Although Bennett et al® suggested
navicular drop as a risk factor in their
prediction model for onset of MTSS, our
study did not confirm their results. While
our study had a similar sample size and
occurrence of MTSS injury, the difference
may be due to study design. Bennett et

al® measured injured runners’ navicular
drop after they had reported their MTSS
symptoms then compared them to a ran-
domly selected group of noninjured run-
ners whose navicular drop measurements
were assessed at the end of the season.
We measured the navicular drop of our
runners prior to the season and then fol-
lowed them prospectively during the sea-
son, thus minimizing any measurement
bias. The prospective design of our study
minimized researcher bias and allowed
collection of accurate exposure data for
each individual runner.? Further, 3 meth-
ods were used to capture MTSS injury
data, including collecting the DIR from
coaches, injury reports from certified
athletic trainers, and end-of-season ques-
tionnaires from athletes. Of the 16 new
MTSS cases reported, 50% were initially
noted on the DIR by the coach, 25% were
reported by the certified athletic trainer,
and 25% were noted only on the end-of-
season questionnaire. Any injury listed
on the end-of-season questionnaire that
could not be confirmed with the coach or
certified athletic trainer was not included
in the analysis. Only injuries that met the
definition of MTSS were included in in-
jury rates and risk model analyses.
Several studies of biomechanical mea-
sures of pronation have reported similar
results as our findings. Wen et al** as-

ADpJUSTED ODDS RATIOS FOR POTENTIAL RISk

TABLE 4 FACTORS FOR MEDIAL TIBIAL STRESS SYNDROME
(MTSS) iIN HicH ScHOOL RUNNERS
RISK FACTOR CATEGORY MTSS AOR (95% Cl)* MTSS AOR (95% Cl)t
Gender Male 10 10
Female 3.2 (L1, 100) 29(09,96)
BMI! Quartile 1 (<187) 3.1(05,195) 37(06, 245)
Quartile 2 (18.8-20.1) 10 10
Quartile 3 (20.2-216) 70 (13, 40.0)¢ 73(12, 435)
Quartile 4 (>217) 21(03,138) 25(04,178)
Orthotic use No 10
Yes 24(07,.8.3)

interval.

confidence interval.
“ BMI, body mass index: weight (kg)/height (m)>.
$p<.05

*AOR, odds ratios adjusted for all significant variables in the table plus previous injury; CI, confidence

" AOR, odds ratios adjusted for all variables in the table plus previous injury and orthotic use; CI,
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sessed the arch index (navicular height
divided by truncated foot length) of over
300 runners compared with previous in-
jury questionnaires and reported a low
right arch index was related to previous
shin injury within the past year. How-
ever, they concluded that lower extrem-
ity alignment was not a risk factor for
running injury in their study.>* Similarly,
Hreljac et al** measured arch height of 40
club runners using calipers in a standing
position, but found that this measure did
not discriminate between injured and
noninjured runners. They concluded
that preseason screens would not suc-
cessfully predict running injuries.* A
recent study of 87 recreational runners
were subjectively classified as having a
pes cavus, neutral, or pes planus foot, and
graded ankle pronation of neutral, mild,
or moderate, and the results indicated
no significant difference in arch position
or ankle pronation in respect to injury
incidence.?

Although navicular drop measure-
ment intrarater reliability observed in
our study was high, we did not evaluate
interrater reliability. While some stud-
ies have shown navicular drop to have
moderate to strong intrarater reliability
as a measure of talonavicular joint mo-
tion, the interrater reliability reports are
conflicting but generally lower.612:2426.29.57
This discrepancy may also partially ex-
plain the variability of results. To more
reliably measure arch height, McPoil et
al* suggests measuring the height of the
dorsum of the foot, rather than the na-
vicular tubercle.

Limitations of the study include that
a relatively small sample of runners
were followed for only 1 season; thus, it
is possible that some risk factors were
not found to be statistically significantly
associated with MTSS. Another possible
limitation of the study was the ability of
the DIR to capture minor MTSS inju-
ries. The DIR reporting system has been
used by other researchers?*° to improve
recording of injuries that did not limit
participation past the initial day of in-
jury. However, the recording of time lost
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to injury did not capture pain or injury
that did not result in time loss from a
practice or meet. Beachy et al* changed
their injury classification slightly from
the National Athletic Injury/Illness Re-
porting System.?? Their lowest injury
category of “minor” was defined as “no
time lost.™ The authors reported that
64.5% of all injuries were in the minor
category. Yates and White®® reported
that 70% of subjects who developed
MTSS did not seek medical interven-
tion for their symptoms. Almeida et al?
showed that 4.6% of male recruits and
1.3% of female recruits with MTSS did
not report their symptoms during train-
ing. The findings from these studies
suggest that athletes with shin pain may
continue to practice with symptoms. We
found through interview and an end-of-
season questionnaire that 25% of the
cross-country runners with MTSS did
not limit themselves in practice or re-
port their shin pain to the coach. Thus,
with respect to MTSS, the DIR may not
have been sensitive enough to identify
runners meeting the study operational
definition because their participation
was not limited or prevented and they
would not have sought assessment by
the certified athletic trainer. Taunton et
al®® had runners complete a question-
naire 3 times throughout a 13-week
running program to determine injury.
Their system classified injury as grade
1 (“pain only after exercise”), grade 2
(“pain during exercise, but not restrict-
ing distance or speed”), grade 3 (“pain
during exercise and restricting distance
and speed”), and grade 4 (“pain prevent-
ing all running”).?! The authors reported
that 35.5% of the reported injuries were
grade 2.°' With the DIR, only injuries
equivalent to grades 3 and 4 in this
system would have been captured. Fu-
ture studies should investigate the use
of questionnaires or interviews several
times throughout the season to identify
runners with shin pain. This might in-
crease the reporting and identification of
runners who meet criteria for MTSS. The
DIR might also be modified to include a

“no time lost” category to capture minor
injuries, considered as a grade 1 and 2
injury in Taunton et al’s®! system. Final-
ly, data collection might be improved if
the DIR is collected on a weekly rather
than monthly basis to capture injuries
the coach or certified athletic trainer
might neglect to record.

CONCLUSION

FTER LOGISTIC MODELING, ONLY GEN-

der (female) and increased BMI

were found related to MTSS, but
only BMI remained significant when con-
trolled for orthotic use. This study did
not find a relationship between navicular
drop, normalized navicular drop, normal-
ized navicular neutral height, or navicular
drop right-to-left difference and MTSS.
The results of this study indicate that na-
vicular drop may not be an appropriate
measure to identify runners who may de-
velop MTSS. Finally, as others have shown
girls to have higher rates of shin overuse
injuries or stress fracture in high school,
recreational, and recruit populations, fur-
ther studies need to investigate other risk
factors for MTSS. Future research should
consider the measurement of arch height
using the dorsum of the foot.?> This mea-
sure should be taken preseason and ath-
letes followed prospectively throughout
the season to determine the measure’s
relationship to injury. @
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