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Background: Overuse injury including stress fracture is a serious problem for athletes.
Recently, the importance of bone metabolism and quality as factors preventing overuse injury
has been increasingly recognized. Hence, we hypothesized that markers of bone metabolism
and quality are related to overuse injuries.

Methods: The subjects, which were elite university lacrosse players (male, n = 35; age,
19.8 £ 1.1; female, n = 49; age, 20.0 = 1.0), were divided into a stress fracture group and a
control group. We measured the subjects’ physical characteristics (height, weight, body mass
index, and body fat) and bone architecture was evaluated using quantitative ultrasound. Bone
alkaline phosphatase, N-telopeptide cross-link of type I collagen, tartrate-resistant acid phos-
phatase 5b (TRAP-5b), homocysteine, and pentosidine were measured from blood samples
obtained from all subjects.

Results: No significant difference was observed between groups with respect to height, weight,
body mass index, and body fat, as well as quantitative ultrasound. Further, there were no sig-
nificant differences in the levels of bone alkaline phosphatase, N-telopeptide cross-link of type I
collagen, or TRAP-5b between stress fracture and control groups in all subjects and in male
subjects. However, a significant increase in TRAP-5b level was observed in the stress fracture
group compared with the control in the female subjects (409.9 £209.3 and 318.6 = 81.6 mU/dL,
respectively; P < 0.05). Homocysteine and pentosidine did not differ between groups.
Conclusion: These results suggest that osteoclast activity of female athletes with stress fractures
may be enhanced by TRAP-5b.
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Introduction

Bone strength primarily reflects the integration of bone mineral density (BMD) and
bone quality.! Bone quality refers to architecture, turnover, metabolism, damage
accumulation (eg, microfractures), and mineralization of bone.! Overuse injuries,
including stress fracture, are a serious problem for athletes, and it has been revealed
that female athletes with amenorrhea have a high risk of stress fractures.>* Although
previous studies have focused on bone mineral density and bone quality, the behavior
of bone metabolism markers is still controversial.’

Bone metabolism markers frequently measured in previous studies include bone
alkaline phosphatase (BAP) and N-telopeptide cross-link of type I collagen (NTx).57
However, these parameters are influenced by exercise, food, and renal function
and show intra- and inter-day variations, which is problematic.”® Bone-specific
tartrate-resistant acid phosphatase 5b (TRAP-5b) has recently been reported as a
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new bone resorption marker that shows small intra- and
inter-day variations.”'* Most studies examining TRAP-5b
have focused on osteoporosis patients and postmenopausal
females;’!" there have been no studies involving athletes.
In addition to the markers described above, it has been shown
that collagen cross-links are important factors influencing
bone quality."'*1¢ Collagen cross-links can be divided into
enzymatic cross-links (lysyl oxidase-mediated cross-links)
and nonenzymatic cross-links (advanced glycation end
products; AGEs) types.'* In contrast to the positive effects
conferred by enzymatic cross-links, nonenzymatic cross-links
have detrimental effects on the mechanical and biological
functions of bone.'” Homocysteine is known to inhibit enzy-
matic cross-link formation via reduction of gene expression
and enzymatic activity of lysyl oxidase.'®! Pentosidine is an
AGE formed by nonenzymatic glycation or oxidation reac-
tions resulting in tissue maturation.”*! Although previous
reports have shown that homocysteine and pentosidine are
significantly related to daily life habits,'*!” the role of these
factors with exercise intervention remains unknown.

In this study, we investigated the relationship between
past stress fractures, quantitative ultrasound (QUS), and
bone metabolism and quality markers (BAP, NTx, TRAP-5b,
homocysteine, and pentosidine). The study aimed to deter-
mine markers that should be monitored to help prevent
overuse injury in university lacrosse players.

Methods

Subjects

The subjects included 84 elite university lacrosse players
(Table 1). Before the study, we questioned subjects regarding
past medical history of stress fracture, which was diagnosed
by experienced orthopedic surgeons. All subjects were
instructed to base their answers on their past status in our
original questionnaire. Based on this investigation, subjects
were divided into groups with (5 males and 7 females)

Table | Physical characteristics of subjects

and without (30 males and 42 females) stress fracture.
The average number of months subjects were injured was
14.6 £ 10.7 months (from 2 to 36 months). In addition,
skeletal sites were classified into three groups: (1) metatarsal
bone (6 cases, 50%), (2) tibial bone (4 cases, 33%), (3) others
(2 cases, 17%). This study was conducted with the approval
by the Ethics Committee of Nippon Sports Science University
(ID: 21-15). The objective, content, and points of caution
were explained to the subjects, and informed consent was
obtained from all subjects before the study.

Body composition measurement

Body composition was measured using the Tanita
MC-190 body composition analyzer (Tanita Corp, Tokyo,
Japan) with correction for light indoor clothing.?? The mea-
surement procedure required the subject to stand barefoot
on the analyzer and to hold a pair of handgrips (one in each
hand). The device uses multiple-frequency (5 kHz, 50 kHz,
250 kHz, and 500 kHz) bioelectrical impedance analysis
technology and has 8 tactile electrodes: 2 are in contact with
the palm and thumb of each hand and 2 are in contact with
the anterior and posterior aspect of the sole of each foot.

Quantitative ultrasonic measurement
Using a QUS device (AOS-100; Aloka Co, Tokyo, Japan),
the osteo-sono assessment index of the right calcaneous
was measured as an indicator of bone strength. During the
measurement, two transducers were fixed coaxially on both
sides of the calcaneus by a caliper and were coupled to the
skin using coupling gel. Validation of this method and its
high reproducibility compared with parameters obtained
from the speed of sound (SOS) and broadband ultrasound
attenuation has been reported in a previous study.?* The SOS
and the transmission index (TI) of the right heel were mea-
sured and OSI was calculated using the following formula:
OSI =TI x SOS x SOS (CV 1.31, 10 repeats).

Age (year) Height (cm) Weight (kg) BMI Body fat (%)

Male

All subjects (n = 35) 198+ 1.1 172.0 £ 3.9 65.9 4.6 223+ 1.4 120+ 1.9

Stress fracture group (n =5) 19.6 £ 0.5 1714+£55 640+73 21.8+2.1 120 £ 0.9

Control group (n = 30) 199+ 1.1 172.0 £ 3.6 66.2 £4.0 224+13 120+£2.0
Female

All subjects (n = 49) 20.0£ 1.0 160.4 +5.8 56.7+58 22.0+2.0 254143

Stress fracture group (n=7) 206+ 1.4 160.0 £ 3.7 545+52 213+ 1.8 243+3.6

Control group (n = 42) 19.9+0.9 160.4 £ 6.1 57.1£58 22.1 £2.1 255+ 44

Note: Mean + SD.

Abbreviation: BMI, body mass index.
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Bone metabolism and quality markers
Prior to blood sampling, the subjects refrained from food
ingestion for 12 hours and exercise for 24 hours. BAP, as
an indicator of bone formation, and NTx and TRAP-5b, as
indicators of bone resorption, were measured to characterize
bone metabolism. Homocysteine and pentosidine were also
measured as bone quality markers. To minimize intra-day
variations in these bone metabolism markers, blood was
collected at the same time (morning) and off-season of
competitions. Blood markers were measured at the SRL
laboratory (Tokyo, Japan) according to a method reported
previously.?*%

Statistical analysis

All values are presented as the mean + standard deviation.
Because of the small sample size and nonnormality of the
data in this cross-sectional trial, exact nonparametric tests
were used. The exact Mann—Whitney U-test was used to
compare changes between the two groups. SPSS software
(version 18.0 for Windows; SPSS Inc, Chicago, IL) was used
to analyze the significance of differences. The significance
level was set at 0.05 for all tests.

Results

Physical characteristics

The physical characteristics of the subjects are shown in
Table 1. No significant difference was observed between
the stress fracture and control groups with respect to
age (Table 1; male stress fracture, 19.6 £ 0.5; male
control, 19.9 £ 1.1; female stress fracture, 20.6 = 1.4; female
control, 19.9 +0.9). Further, there were no significant differ-
ences between groups with respect to height, weight, body
mass index, or body fat (Table 2).

Quantitative ultrasonic measurement

The results of QUS measurements are shown in Table 2. The
QUS data did not differ between subjects (stress fracture,
3.50 = 0.34; control, 3.46 + 0.42), the male group (stress
fracture; 3.50 + 0.38, control; 3.50 £ 0.36), or the female
group (stress fracture, 3.49 & 0.33; control, 3.43 + 0.45).

Bone metabolism and quality markers

No significant differences were observed in the levels of
BAP, NTx, and TRAP-5b between the stress fracture and
control groups for all subjects (Table 2). In male players,
no significant differences were observed between the stress
fracture and control groups for BAP, NTx, and TRAP-5b
(Table 2). Similarly, in female players, no significant

Table 2 Comparisons of the bone related markers between stress fracture injury group and control group

P-value

Female

Male

All

Control group

Stress fracture group

349+0.33
220+ 10.1

Control group

Stress fracture group

3.50 £ 0.38
21.6+63
259+82
581.8 £2334
11.0£22
0.033 £ 0.004

Control group

Stress fracture group

3.50 £ 0.34

21.9+83

21.6+85
481.5 £227.0

P < 0.05

NS
NS
NS
NS

3.43 +0.45
184435
16.1 +7.9

318.6+8l1.6

343

*

18.6+7.9

409.9 +209.3
84+ 16

0.035 + 0.004

3.50 £ 0.36
27.8+9.9
224169
574.9 £ 166.7
127 £7.1
0.035 £ 0.007

3.46 £ 0.42
229+83
188+ 6.5
4254+ 1772
10.7£55
0.037 £ 0.008

9.5+22
0.034 + 0.004

NTx (nmBCE/L)
TRAP-5b (mU/dL)
Homocysteine (nm/mL)

oSl (109
BAP (U/L)

NS

0.038 + 0.009

Pentosidine (ug/mL)

Abbreviations: OSI, osteo sono-assessment index; BAP, bone alkaline phosphatase; NTx, N-telopeptide cross-link of type | collagen; TRAP-5b, tartrate-resistant acid phosphatase 5b.

Note: NS indicates not significant.
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differences were observed in the levels of BAP or NTx
(Table 2). However, in the female players, TRAP-5b levels
were 409.9 £ 209.3 and 318.6 + 81.6 mU/dL in the stress
fracture and control groups, respectively. A significant
increase in TRAP-5b levels was observed in the stress
fracture group (P < 0.05, Table 2).

Homocysteine and pentosidine were analyzed in all sub-
jects (Table 2). Homocysteine did not differ between groups
(all stress fracture subjects, 9.5 + 2.2; all control subjects,
10.7 £ 5.5; male stress fracture, 11.0 £ 2.2; male control,
12.7 £ 7.1; female stress fracture, 8.4 £ 1.6; female control,
9.3 £ 3.3). Further, no significant difference was observed
between the stress fracture and control groups with respect
to pentosidine.

Discussion

Because bone quality is an important factor for maintaining
bone strength,!'*¢ we evaluated several bone metabolism
markers as well as bone in overuse injury. It has recently been
proposed that 70% of bone strength depends on bone mineral
density (BMD), and the remaining 30% on bone quality.!
While there are various indicators of BMD, none reflect
the true condition of bone at the time of measurement.
Thus, we measured blood NTx, BAP, TRAP-5b, homo-
cysteine, and pentosidine levels and performed QUS. Our
results show that significantly higher TRAP-5b levels were
observed only in female players in the stress fracture group
(Table 2). In contrast, it has been shown that TRAP in male
and female patients taking oral anticoagulants significantly
increases with a concomitant decrease in QUS.? Although
the relationship between TRAP-5b and QUS requires further
clarification, these results suggest that there is an association
between TRAP-5b and bone strength and/or overuse injuries
in female athletes.

Previous studies have shown that menstruation status,
vitamin D, and calcium play critical roles in maintaining bone
strength.>?7** Particularly, gender differences in hormones
are considered to be the source of the significant difference
in TRAP-5b levels observed only in female players. Estrogen
deficiency is known to promote bone resorption, particularly
in postmenopausal females.?**! Because enhanced bone
resorption reduces bone mass, it is important to investigate
estrogen levels in relation to injury in females. Previous
studies have reported that estrogen maintains bone mass and
that BMD was low in athletes with exercise amenorrhea. >332
Hence, the association between menstruation status, includ-
ing estrogen and TRAP-5D, in stress fracture patients is an
important area for future studies.

In our study, homocysteine and pentosidine, markers
associated with collagen cross-links, did not differ signifi-
cantly between stress fracture and control groups (Table 2).
AGEs, including pentosidine, are formed by oxidation reac-
tions that result in tissue maturation.* It is commonly under-
stood that oxidative stress is caused by intense exercise.**
In our study, these makers were not measured during a
period of intense training; thus, the absence of significant
differences may be in part attributable to the low oxidative
stress period. Further investigation, including comparisons
between nontraining and intense training periods, may be
necessary.

In conclusion, our results demonstrate that TRAP-5b
may be a useful bone metabolism marker for monitoring
bone status in female athletes. Although further investigation
of gender differences, estrogen levels, nutrition status, and
oxidative stress are necessary to elucidate the mechanism
of overuse injuries, the osteoclast activity of female athletes
with stress fracture may be enhanced by TRAP-5b.
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