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In this study, we aim to clarify the influence based on bone resorption markers at onset of stress fracture.
Also, we will clarify the state of the bone resorption markers of female long distance runners who have a
history of stress fracture and also ones who routinely practices running long distances.

Participants comprised 19 female long distance athletes. The survey period was 2011-2014, and we
measured u-NTX as a bone resorption marker at least twice a year, taking the mean £ SD of the periodic
measured values without stress fracture as the mean value. Measurements were collected sample when
stress fractures developed. 132 u-NTX measurements were taken from 19 participants. As a result, the
average was 41.03 = 12.31 nmolBCE/mmolCRE (25percentile: 33.15, SOpercentile: 40.55,
75percentile: 47.95).

In six of the 19 participants, u-NTX could be measured following a stress fracture. The mean value of
u-NTX for those participants was 40.16£9.10 nmolBCE/mmolICRE, increasing to 64.08+=16.07
nmolBCE/mmol CRE with the stress fracture (p<0.01).

The findings showed that, in adult female long distance runners, u-NTX values when there was no stress
fracture were within the standard value for mean premenopausal women, but increased when the athletes

suffered from a stress fracture.
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Introduction

A stress fracture is a break in bone tissue caused by repeated minor external
mechanical stress caused by activities such as running that can occasionally lead to a
complete fracture. A stress fracture is a serious injury as it takes a long time to
completely heal [2, 3] and prevents athletes from training. Many female long distance
runners compete while suffering from menstrual disorders; the incidence of stress
fractures among such women is much higher than for athletes of other sports [4, 12 16].
To achieve good results through continuous training, it is important to find an indicator
for the prevention and early detection of stress fractures in female athletes.

Bone strength is explained by bone density and bone quality (bone metabolism and
collagen cross-linking) [21]. It has been reported that low bone density increases the
risk of a stress fracture [5, 10, 25]. However, as results based on bone density reflect
nutritional condition and mechanical stress over several previous months, they are not
suitable for the early detection of stress fractures. In contrast, bone metabolism—bone
quality—reflects the condition of bone in a timely manner, and bone metabolism has an
effect on subsequent bone density. If the balance of bone resorption and bone formation
i1s maintained (coupling), bone mass is maintained. However, when uncoupling occurs
and bone resorption becomes more dominant, bone density decreases. Bone metabolism
can be evaluated using bone metabolism markers measured in serum and urine.

The mechanism underlying stress fractures is that repeated mechanical stresses on the
bone repeatedly cause microdamage, and as bone repair cannot keep up, bone mass
decreases locally [24]. Bone resorption is believed to be accelerated before and after the
occurrence of a stress fracture. However, there is insufficient study on bone metabolism
during stress fractures. In addition, it was shown that bone resorption is enhanced by
continuous running for long periods, such as during a marathon [7, 15]. Thus, long

distance runners who repeatedly run may already be suffering from enhanced bone
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resorption. In addition, bone resorption marker is high in athletes with a history of stress
fracture compared to athletes who do not [27]. From these facts, there is a possibility
that the bone resorption marker is elevated when stress fracture develops. However,
there is a consideration that bone resorption markers may be elevated with long distance
runners practicing on a daily basis and athletes with a history of stress fracture may
have an elevated marker even when there is no stress fracture.

In this study, we aim to clarify the influence based on bone resorption markers at onset
of stress fracture. Also, we will clarify the state of the bone resorption markers of
female long distance runners who have a history of stress fracture and also ones who

routinely practices running long distances.

Methods
Participants

Participates consisted of 25 female long distance runners, ages 19 to 34 years old (ave
23.99 £ 4.11). This study was approved by the ethical committee of Juntendo University
(21-11). Participants and their team instructors were given explanations of the
experiment orally and in writing before written consent was obtained. This study was
conducted according to the ethical standards of International Journal of Sports Medicine
[13].
Measurement item

Bone metabolism was evaluated noninvasively by measuring type 1 collagen

crosslinked N-telopeptide in urine (u-NTX). Participants answered the preliminary
questionnaire. The contents of the questionnaire were physical characteristics,
experience of irregular menstrual or amenorrhea in the past, or whether they have a past
history of stress fracture diagnosed by a doctor. In addition, the same questionnaire was

answered each time measurements were taken. We investigated the total distance ran
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per month and injury situation.
Measurement methods

Generally, when measuring bone metabolism markers, both bone resorption and
formation are taken. But due to the participants being professional athletes, they were
uncooperative in collecting blood samples. Therefore, to avoid diurnal and daily
variations, the second urine of the morning was sampled for the u-NTX measurement.
This was analyzed using ELISA method (Osteomark; Alere Medical Co. Chiba, Japan).
To eliminate any effects of the kidney, the creatinine conversion factor was used for the
analysis. Results were expressed in nmol bone collagen equivalents (BCE)/mmol
creatinine (CRE). All measurements were outsourced to Hoken Kagaku Kenkyujo
laboratory.
Measurement period

To measure normal condition, which is condition without stress fracture and when
being able to participate in full practices, we measured each athlete’s u-NTX 11 times,
including three times in 2011, twice in 2012, twice in 2013, and four times in 2014. The
measurements were taken at the following months and practice period,
In the April and July 2011 measurements were taken in the regular practice period. In
the measurement of April 2012, it was a regular practice period, and October was a
performance enhancement practice period. Performance enhancement practice period is
pertaining to athletes attending training camp. In the measurement of 2013, both
February and October were performance enhancement practice periods. In the
measurement of 2014, May and June were regular practices, August was performance
enhancement practice period. The u-NTX was taken and assessed by the amount of
practice on weekly running distances. As measured values of u-NTX can show
considerable variation in an individual, we used the mean value of the measurements

obtained during the period without any stress fracture as the normal value. If a stress
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fracture occurred during the survey period or before, measurements were obtained
during examination at which it was determined that a stress fracture had occurred.
Stress fractures were diagnosed using radiographic inspection (i.e. X ray) by orthopedic
surgeons. Also, bone metabolism marker was taken at the diagnosis. The onset date of
the stress fracture was defined as when the participants felt pain at the injured site. The
date of onset and the date of measurement of bone metabolism markers are shown in

Table 1.

Exclusion criteria and grouping

Out of 25 participants, 6 participants with u-NTX measurements less than 3 times were
excluded from this study; therefore, 19 participants were included in this study
(Figure.1). Among them, 6 participants with measurement data of u-NTX when stress
fracture occurred were selected as SF group, and other participants were selected as
Control group. In the SF group, the values of measurement when stress fracture
occurred were compared with the values of measurement without stress fracture. Based
on the preliminary questionnaire, participants were grouped into two groups with or
without the history of stress fracture, and a comparison was made between the two

groups.

Data analysis methods
The measure values were presented as mean + standard deviation (SD) or median
(interquartile rage). To decide a normal value for individual participants, a mean value
and SD of measurements without stress fracture of each participant was calculated and
used as a “normal value” for each participant.
Wilcoxon signed-rank test was used to compare the difference between the value at the

time of stress fracture and the normal value. Unpaired t-test was used to compare the
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difference between the groups with and without the history of stress fracture. Statical
analysis was done using nonparametric Kruskal-Wallis test comparing the difference
among the average weekly running distances measuring u-NTX.

Furthermore, changes of u-NTX at the time of stress fracture were investigated using
the normal values and SD. “Rate of over” was calculated for SF and NSF group using
the normal value + SD of each participant, and the extent of changes of u-NTX values
when stress fracture occurred was analyzed. “Rate of over” in the SF group was defined
as the rate of participants whose u-NTX values at the time of stress fracture were over
1SD, 1.5SD or 2SD of the normal value. “Rate of over” in the NSF group was defined
as the rate of participants whose highest u-NTX values were over 1SD, 1.5SD or 2SD
of the normal value. Fisher’s exact test was used to compare the difference of “Rate of
over” of the two groups.

The effect size (ES) and power in post hoc tests were calculated using Gpower
software (Version 3.1) [11]. The ES of between 2 groups (with and without the history
of stress fracture) and 2 conditions (values at stress fracture and normal value) were
calculated using ES (d). The evaluations of the ES strength are: small (d < 0.04),
moderate (0,04 = d < 0.80), large (d 2 0.80). The ES of among the average weekly
running distances measuring u-NTX were calculated using ES (f). The evaluations of
the ES strength are: small (£<0.25), moderate (0.25=1<0.40), large (f20.40). The ES
between 2 groups (SF group and NSF group) considered as rate of over was calculated
using ES (w). The evaluations of the ES strength are: small (w<0.10), moderate
(0.10=w<0.30), large (w=0.50). o error was set to p < 0.05, and B error was set to (1-f)

> 0.80.

Results
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Their average physical and other characteristics were as follows: height 159.91+6.36 cm,
weight 46.13+3.93 kg, body mass index (BMI) 18.02+1.05 kg/m? weekly running
distance 121.7+49.4 km, and time for 5000m run 15:45.9£23.9. In this study, total of
132 u-NTX measurements were taken from 19 participants. As a result, the average was
41.03 + 12.31 nmolBCE/mmolCRE (Q1: 33.15,Q2: 40.55, Q3: 47.95).
The weekly running distance when u-NTX was measured is shown in Table2. There was
no significant difference in the weekly running distance among measurements (p =0.36,
ES (£)=0.29, 1-=0.91).
Comparison of u-NTX values between with and without history of stress fracture

Out of the 19 participants, nine had a history of stress fracture (height 159.67+7.55
cm, weight 44.89+4.78 kg, BMI 17.55+0.66) and 10 did not (height 160.14+5.48 cm,
weight 47.25+2.78 kg, BMI 18.45+1.19). Although u-NTX values were 36.51+9.84
nmol BCE/mmol CRE for the group with a history of stress fracture and 44.01+8.06
nmol BCE/mmol CRE for the group without, this difference was not statistically
significant (p = 0.08, ES (d) = 0.834, 1- = 0.508).
Comparison of u-NTX value in SF group between measurement with stress
fracture and normal value

Data from the time of a stress fracture were available for six participants (Tablel).
The mean value for u-NTX after a stress fracture was 64.08+16.07 nmol BCE/mmol
CRE compared with the mean normal value of 40.16+9.10 nmol BCE/mmol CRE; this
difference was statistically significant (p < 0.01, ES (d) = 1.989, 1-B = 0.969) (Figure 2).
In addition, in four of these six participants, menstrual condition when stress fracture
occurred was irregular or no menstruation.
Changes in u-NTX values at stress fracture

Changes in u-NTX values that were +1.5 SD or more were observed in five out of six

(Rate of over: 83%) in the SF group and three out of 13 (Rate of over: 23.1%) in the
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NSF group, which represents a significant difference. Changes of +1.5 SD or more were
more common in the SF group (p < 0.05, ES (w)=1.597, 1- =0.616, odds ratio = 16.6).
Five out of six (Rate of over: 82%) of the SF group showed a change of +2 SD, a
significantly greater proportion than in the NSF group (1/13, Rate of over: 7.7%; p <

0.01, ES (w)=2.023, 1-B = 0.786, odds ratio = 60.0) (Table 3).

Discussion

In this study, we regularly measured u-NTX in 19 female long distance runners. For
six of these participants, measurements were obtained when a stress fracture occurred.
It was found that u-NTX at the time of stress fracture showed a higher value than when

there was no stress fracture, indicating enhanced bone resorption.

The underlying mechanism for stress fractures involves repeated mechanical stresses
on bones causing repeated microdamage, with which bone repair cannot keep up,
leading to a localized reduction in bone mass [24]. In animal experiments, when
microdamage accumulates, bone remodeling is locally enhanced to repair the damage,
and remodeling space on the bone resorption surface increases [8]. In the present study,
although there was a problem that the amount of training was not constant, the mean
u-NTX value in multiple measurements obtained during the time without stress
fractures was within the standard value for normal premenopausal women of 9.3-54.3
nmol BCE/mmol CRE [17]. In this study, even a history of stress fracture did not lead to
increased u-NTX values. The previous study investigated u-NTX values from different
sports. The age and u-NTX values of athletes performing high impact sports (basketball
and volleyball), medium impact sports (soccer and track) and non-impact sports
(swimming) were 19.940.3 years old; 72.9+11.4 nmolBCE/mmolCRE, 20.6+0.3 years

old; 62.5£7.6 nmolBCE/mmolCRE and 19.4+0.3 years old; 80.0+£9.2
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nmolBCE/mmolCRE, respectively [9]. The value of u-NTX for female cross-country
athletes with an average age of 19.8 years similar to the sports category of this study
was 62.5 = 10.3 nmol BCE / mmol CRE [18]. In contrast, the average u-NTX was 41.03
+ 12.31 nmolBCE/mmolCRE in the present study. In the previous studies, the average
age was 20 years or younger, whereas the participants of this study was 23 years old or
older. It is known that the bone metabolism is more active in younger population [19,
26].In addition, measurements of u-NTX obtained the day after moderate exercise was
reported to be no different from measurements obtained before exercise [28]. We
therefore assume that u-NTX would show normal values regardless of the amount of
exercise when there is no stress fracture, but with a stress fracture, it would show a high
value because of the accumulation of excessive microdamage in adult female long
distance runners.

We also observed that, when a stress fracture occurs, u-NTX values reach +1.5 SD or
more above the normal value. As u-NTX is tested in urine samples, it is a noninvasive
bone metabolism marker that does not put too much stress on the athletes. In addition,
u-NTX is a superior marker for monitoring [1]. Thus, after three measurements of
u-NTX, if the value reaches +1.5 SD or more above the normal value, a stress fracture
should be suspected. A detailed early examination could help the early detection of
stress fractures.

In recent years, tartrate-resistant acid phosphatase isoform-5b (TRACP-5b) has been
used as a bone resorption marker for measurements in many studies as it reacts
sensitively. In a study that targeted lacrosse players, TRACP-5b measured in athletes
with a history of stress fracture was higher than in athletes without stress fracture [27].
TRACP-5b also reflects the impact of exercise in particular, reacting sensitively to
temporary changes after exercise [20, 23]. As it is a more sensitive marker, it is believed

to be able to reflect the effects of exercise performed on the day before or immediately



209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233

234

before measurement. In contrast, measurements of u-NTX obtained the day after
moderate exercise were reported to be no different from measurements obtained before
exercise [28]. Although it was reported that bone metabolism markers are not suitable
prediction markers for stress fracture [29], the bone metabolism marker used in the
previous study was a serum marker (TRACP-5b, CTX), and u-NTX was not measured.
Based on previous studies, TRACP-5b increases when there is a history of stress
fracture but it may not be reliable on the onset of stress fracture [27], whereas in our
study u-NTX became higher when stress fracture develops which states that there are
certain characteristics bone resorption markers. To clarify the characteristics of bone
resorption markers, further investigation is necessary in the future.

A limitation of this study was that u-NTX was high when stress fractures occurred, but
it is unknown whether u-NTX increased prior to the occurrence of stress fracture and
how long the u-NTX remains high following stress fracture. A previous study reported
high u-NTX values prior to stress fractures [22]. Therefore, by periodically measuring
the bone resorption marker to seek if the value is abnormally high, in which we can
suspect the occurrence of stress fracture, these tests may be helpful in detection stress
fracture in the immature stages. However, as the number of cases was small, and the
measurement of u-NTX was more frequent than in the present study, a prospective
cohort study is needed to examine whether u-NTX values increase before stress fracture
occurs. In addition, based upon having the cooperation of professional athletes
participate in this study there is a weakness in this study of not being able to perform
the adequate measurements such as collecting blood samples. Therefore, we were
unable to examine bone formation. For bone metabolism, the balance between bone
formation and bone resorption (coupling) is important, and bone formation markers
should therefore be measured and coupling be examined. Also, although intake of

calcium and vitamin D is also related to bone density and bone metabolism markers [6,
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14], the nutritional condition of our participants is unknown as we did not survey diet in
this study. However, all of the athletes were living together in dorms, and breakfast and
dinners were provided. Therefore, it is unlikely that there was a significant difference in
nutritional status between the athletes, and nutrition probably had little effect on the
bone metabolism marker.

The findings of this study showed that, in adult female long distance runners, u-NTX
values without stress fracture were within the standard value for normal premenopausal
women, but increased when the athletes suffered from a stress fracture. Furthermore,
our result showed the possibility that a stress fracture has developed when u-NTX
shows a value higher than 1.5 SD from the normal value. From these facts, it was
suggested that regular measurement of u-NTX and paying attention to fluctuations

could be a convenient and noninvasive indicator of development of stress fracture.

10



249
250
251
252
253

254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269

270
271
272
273

References

[1] Alvarez L, Guanabens N, Peris P, Vidal S, Ros I, Monegal A, Bedini JL, Deulofeu R,
Pons F, Munoz-Gomez J, Ballesta AM. Usefulness of biochemical markers of bone
turnover in assessing response to the treatment of Paget's disease. Bone 2001; 29:

447-452.

[2] Arendt E, Agel J, Heikes C, Griffiths H. Stress injuries to bone in college athletes: a
retrospective review of experience at a single institution. Am J Sports Med 2003; 31:
959-968.

[3] Beck BR, Matheson GO, Bergman G, Norling T, Fredericson M, Hoffman AR,
Marcus R. Do capacitively coupled electric fields accelerate tibial stress fracture
healing? A randomized controlled trial. Am J Sports Med 2008; 36: 545-553.

[4] Bennell KL, Malcolm SA, Thomas SA, Reid SJ, Brukner PD, Ebeling PR, Wark JD.
Risk factors for stress fractures in track and field athletes. A twelve-month
prospective study. Am J Sports Med 1996; 24: 810-818.

[5] Bennell KL, Malcolm SA, Thomas SA, Wark JD, Brukner PD. The incidence and
distribution of stress fractures in competitive track and field athletes. A twelve-month
prospective study. Am J Sports Med 1996; 24: 211-217.

[6] Bonjour JP1, Benoit V, Rousseau B, Souberbielle JC. Consumption of vitamin D-and
calcium-fortified soft white cheese lowers the biochemical marker of bone resorption
TRAP 5b in postmenopausal women at moderate risk of osteoporosis fracture. J Nutr

2012; 142: 698-703.

[7] Brahm H, Piehl-Aulin K, Ljunghall S. Biochmical markers of bone metabolism
during distance running in healthy, regulary exercising men and women. Scand J
Med Sci Sports 1996; 6: 26-30.

[8] Burr DB, Forwood MR, Fyhrie DP, Martin RB, Schaffler MB, Turner CH. Bone

11



274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289

290

291
292
293
294
295
296
297

298

microdamage and skeletal fragility in osteoporotic and stress fractures. J Bone Miner
Res 1997; 12: 6-15.

[9] Creighton DL, Morgan AL, Boardley D, Brolinson PG. Weight-bearing exercise and
markers of bone turnover in female athletes. J Appl Physiol (1985) 2001; 90:
565-570.

[10] Darzins P, Jones G, Smith BJ. Bone density of elite female athletes with stress
fractures. Med J Aust 1991; 154: 492-493.

[11] Faul F1, Erdfelder E, Lang AG, Buchner A. G*Power 3: A flexible statistical
power analysis program for the social, behavioral, and biomedical sciences. Behav
Res Methods 2007; 39: 175-191.

[12] Fredericson M, Jennings F, Beaulieu C, Matheson GO. Stress fractures in
athletes. Top Magn Reson Imaging 2006; 17: 309-325.

[13] Harriss DJ, Atkinson G. Ethical Standards in Sport and Exercise Science
Research: 2016 Update. Int J Sports Med 2015; 36: 1121-1124.

[14] Lutz LJ, Karl JP, Rood JC, Cable SJ, Williams KW, Young AJ, McClung JP.
Vitamin D status, dietary intake, and bone turnover in female Soldiers during military

training: a longitudinal study. J Int Soc Sports Nutr 2012; 9: 38-2783-9-38.

[15] Malm HT, Ronni-Sivula HM, Viinikka LU, Ylikorkala OR. Marathon running
accompanied by transient decreases in urinary calcium and serum osteocalcin levels.
Calcif Tissue Int 1993; 52: 209-211.

[16] Nattiv A. Stress fractures and bone health in track and field athletes. J Sci Med
Sport 2000; 3: 268-279.

[17] Nishizawa Y, Ohta H, Miura M, Inaba M, Ichimura S, Shiraki M, Takada J,
Chaki O, Hagino H, Fujiwara S, Fukunaga M, Miki T, Yoshimura N. Guidelines for

the use of bone metabolic markers in the diagnosis and treatment of osteoporosis

12



299
300
301
302
303
304
305
306
307
308

309
310
311
312
313

314

315
316

317

318
319
320
321
322

(2012 edition). J Bone Miner Metab 2013; 31: 1-15.

[18] O'Kane JW, Hutchinson E, Atley LM, Eyre DR. Sport-related differences in
biomarkers of bone resorption and cartilage degradation in endurance athletes.
Osteoarthritis Cartilage 2006; 14: 71-76.

[19] Roende G, Petersen J, Ravn K, Fuglsang K, Andersen H, Nielsen JB,
Brondum-Nielsen K, Jensen JE. Low bone turnover phenotype in Rett syndrome:
results of biochemical bone marker analysis. Pediatr Res 2014; 75: 551-558.

[20] Rogers RS, Dawson AW, Wang Z, Thyfault JP, Hinton PS. Acute response of
plasma markers of bone turnover to a single bout of re- sistance training or

r

plyometrics. J Appl Physiol 2011; 111:1353-1360. ists!

Rl

[21] Saito M, Marumo K. Collagen Cross-links as a determinant of bone quality: a
possible explanation for bone fragility in aging, osteoporosis, and diabetes mellitus.
Osteoporos Int 2010; 21: 195-214.

[22] Sakuraba K, Ishikawa T. Bone metabolic marker and Bone mineral density and
stress fracture of long distance runners of women [in Japanese]. Descente sports

science 2008; 29:183-189.

[23] Tsuchiya Y, Sakuraba K, Ochi E. High force eccentric exercise enhances serum
tartrate-resistant acid phosphatase-5b and osteocalcin. J Musculoskelet Neuronal

Interact 2014; 14: 50-57.

[24] Turner CH. Functional determinants of bone structure: beyond Wolff's law of
bone transformation. Bone 1992; 13: 403-409.

[25] Vilimdki VV, Alfthan H, Lehmuskallio E, Loyttyniemi E, Sahi T, Suominen H,
Vilimdki MJ. Risk factors for clinical stress fractures in male military recruits: a

prospective cohort study. Bone 2005; 37: 267-273.

13



323
324
325
326
327
328

329

330
331
332
333
334

335

336

[26] van der Sluis IM, Hop WC, van Leeuwen JP, Pols HA, de Muinck
Keizer-Schrama SM. A cross-sectional study on biochemical parameters of bone
turnover and vitamin d metabolites in healthy dutch children and young adults. Horm
Res 2002; 57: 170-179.

[27] Wakamatsu K, Sakuraba K, Suzuki Y, Maruyama A, Tsuchiya Y, Shikakura J,
Ochi E. Association between the stress fracture and bone metabolism/quality markers

in lacrosse players. Open Access J Sports Med 2012; 3: 67-71.

[28] Whipple TJ1, Le BH, Demers LM, Chinchilli VM, Petit MA, Sharkey N,
Williams N. Acute effects of moderate intensity resistance exercise on bone cell
activity. Int J Sports Med 2004; 25: 496-501.

[29] Yanovich R, Evans RK, Friedman E, Moran DS. Bone turnover markers do not
predict stress fracture in elite combat recruits. Clin Orthop Relat Res 2013; 471:

1365-1372.

14



Recruitment n=25

Measurement of u-NTX was carried out
eleven times, and participants measured
three or more times were selected.

\ 4

n=19 X1
With history of stress fracture : n=9
Without history of stress fracture : n=10

Group with stress fracture and Group without stress fracture
u-NTX(SF group) and u-NTX(NSF group)
n=6 %2 n=13 2

Comparison of u-NTX between the
normal values and the values when
stress fracture developed in SF group

21 In the measurements of u-NTX, average value + SD was calculated for each subject
and this value was taken as the normal value.

22 Examination on changes in u-NTX values at stress fracture(comparison of “rate of
over” between SF group and NSF group).

“Rate of over” of the SF group : The percentage of participants whose u-NTX value when
stress fracture developed was over the normal value + 1 SD, 1.5 SD or 2 SD.

“Rate of over” of the NSF group: The percentage of participants whose highest value in
normal value measurement was over normal value + 1 SD, 1.5 SD or 2 SD.

Figurel. Exclusion criteria and grouping
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Fgure2. Comparison of u-NTX value in Stress fracture group between
measurement with stress fracture and normal value without stress fracture



Tablel. Details of stress fracture, Menstruation condition and u-NTX data in SF group

Location of an injury date of onest Urine sample N\?;f;l :l Stress fracture ~ Urine sample from date of onset Menstruation situation Age
A Left fifth metatarsal bone Nov. 9, 2002 Dec. 16,2002 36.8+14.2 67.9 37 days later Normal 30
B Left pubis May. 14, 2010  June 6 ,2010  35.8 8.6 54.6 19 days later Irregular menstruation 20
C Left Medial Tibia Sept. 2w, 2012 Oct. 30,2012 40.0+5.2 41.5 6 weeks later Normal 24
D Pubic symphysis Nov. 15,2011 Dec.9,2009  403+7.7 70.2 25 days later Amenorrhea 29
E 5th thoracic vertebra Mar. 2010 Apr. 20,2010 30.7+£9.9 61.1 3-Sweeks later Primary amenorrhea 22
F Left proximal one theird of tibia Late Mar. ,2010  Apr. 21,2010 57.3+10.3 89.2 3-4 weeks later Irregular menstruation 21
Mean 40.2+93 64.1
SD 9.9+3.0 16.1

Amenorrhea was defined as a state without menstruation for more than 3 months, and an irregular menstrual was defined as when menstruation does not occur within the regular
menstrual cycle (28 - 38 days)



Table2. The mean distance per month indicated by weekly unit when measuring u-NTX

Weekly running distance (km)

Date Mean + SD
May, 2011 125.8 + 55.3
Jul., 2011 100.6 + 59.0
Apr., 2012 94.8 + 45.3
Oct., 2012 126.1 + 71.0
Feb., 2013 112.5 + 70.3
Oct., 2013 147.9 + 50.2
May, 2014 127.4 + 29.1
Jun., 2014 119.2 + 31.8
Aug., 2014 120.1 + 43.6
Oct., 2014 137.8 + 32.8




Table3. Changes in u-NTX during stress fracture
Rate of over(%)

SF group NSF group Fisher's
(n=6) (n=13) exact test Odds ratio
Normal value+ 1SD 83.3 84.6 NS 0.9
Normal value+1.5SD 83.3 23.1 p<0.05 16.6
Normal value+ 2SD 83.3 7.7 p<0.01 60.0

SF: stress fracture, NSF: not stress fracture, NS: non-significance

“Rate of over” of the SF group : The percentage of participants whose u-NTX value when
stress fracture developed was over the normal value + 1 SD, 1.5 SD or 2 SD.

“Rate of over” of the NSF group: The percentage of participants whose highest value in
normal value measurement was over normal value + 1 SD, 1.5 SD or 2 SD.
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