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Gender—Specific Differences in the Types of Injuries

in Tennis Players
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@Abstract

The purpose of the present study was to investigate gender—specific differences in the types of
injuries in tennis players. According to our database, during the 16-year period between October
1992 and March 2008, 598 tennis players (308 males and 290 females) consulted our sports medicine
clinic, and in total, 653 injuries in tennis players (335 injuries for males and 318 injuries for females)
were recorded. The most common injury in tennis players was knee pain, followed by epicondylitis
of the elbow, rotator cuff injuries of the shoulder joint including tendinitis and partial and complete
rupture of the tendon, lumbar disc disease, osteoarthritis of the knee, ankle sprain, meniscus injury,
anterior cruciate ligament (ACL) injury, and others. Among the eight common injuries, there was a
higher proportion of female than male tennis players presenting with ACL injury (8.2% vs. 3.9%)
and ankle sprain (9.7% vs. 4.5% ). However, there was no significant difference in the proportion of
the remaining six injuries between male and female tennis players. The present observational study
with a retrospective case-series design showed the common sport injuries in tennis players, and
the existence of gender-specific differences in the types of injuries sustained while participating in

this sport.

known that the incidence of anterior cruciate ligament

Introduction

Sports epidemiology has been increasingly recog-
nized as a powerful set of tools to evaluate injury types,
trends, and mechanisms, and to identify potentially
modifiable risk factors for sports injuries. It is well

(ACL) injury and anterior knee pain is higher in female
athletes than in male athletes!. Stress fractures
caused by military basic training are more common
among female recruits than among male recruits? .
Thus, gender-specific differences in some types of
sports— and training-related injuries have been

aA H Institute for Integrated Sports Medicine, Keio University School of Medicine
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identified.

Our previous cohort study showed that a higher pro-
portion of females presenting with ACL injury com-
pared with males was noted among the participants in
basketball, volleyball, and skiing and a higher propor-
tion of females presenting with stress fractures was
seen compared with males among track and field
athletes® . Because the most commonly encountered
sports injuries, knee and ankle injuries and low back
problems, were processed for the analysis, gender-
specific differences in the types of sports injuries of the
upper extremities remain to be clarified. Shoulder and
elbow injuries appear to be more common in tennis
players than in baskethall, skiing, and track and field
athletes because tennis is a racket sport. The purpose
of the present study was to investigate gender—specific
differences in the types of injuries sustained by tennis
players.

Methods

In our Sports Medicine Clinic, the age, gender,
sports activities, sports injuries, and other personal
data of athletes are thoroughly assessed by medical doc-
tors (orthopaedic surgeons). These data have been
recorded and maintained in our computer. According to
our database, during the 16-year period between Octo-
ber 1992 and March 2008, 598 tennis players (308
males and 290 females) consulted our sports medicine
clinic because of injuries, and in total, 653 injuries in
tennis players (335 injuries for males and 318 injuries
for females) were recorded.

The proportions of common injuries caused by the
sport activities were investigated in tennis players, and
gender—specific differences in the types of common
injuries associated with playing tennis were clarified.
In particular, lumbar disc disease was determined
based on symptoms such as low back pain or sciatica
caused by disc degeneration or herniation found on
magnetic resonance (MR) images and/or spinal insta-
bility and disc space narrowing found on plain
radiographs. “Low back pain”in the present study was

BZIREHEVOL29 NO.1 17

determined as non-traumatic pain that was not associ-
ated with any abnormal findings on the radiographs
and/or MR images, including lumbar disc diseases,
spondylolysis, spondylolisthesis, spondylosis and
scoliosis. On the other hand, “knee pain” was deter-
mined as non-traumatic pain that was not associated
with any abnormal findings on plain radiographs and/or
MR images and was considered as not being related to
the meniscus, ligament, articular cartilage, synovial
injuries, tendinopathy, bursitis, or patellofemoral
syndrome.

An unpaired Student’s {-test was used to compare
ages between male and female tennis players. Fisher’s
exact test was used to determine the significance of the
gender-specific differences in the types of injuries.
The statistical analyses were performed using SPSS
11.5] (Tokyo, Japan). A significance level of p<<0.05
was used for all the comparisons.

Results

1. Age of study subjects

The mean age of the athletes was 25.9 years (range .
11-58 years). There was no significant difference in
age between male and female tennis players (mean .
26.1 years for males and 25.8 years for females).

Table 1 shows the age distribution of the subjects.
The proportions of the subjects in the 16-25 years age
group was greatest followed by the 26-30 years and
11-15 years age groups. The age distribution was simi-
lar in male and female tennis players.

2. Proportions of injuries

Table 2 shows the common injuries in tennis players.
The most common injury was knee pain (n=77), fol-
lowed by epicondylitis of the elbow (n=66), rotator
cuff injuries of the shoulder joint including tendinitis
and partial and complete rupture of the tendon (n=57),
lumbar disc disease (n=>53), osteoarthritis (OA) of the
knee (n=52), ankle sprain (n=46), meniscus injury
(n=42), and anterior cruciate ligament (ACL) injury
(n=39). The mean age of tennis players presenting

17
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Table 1  Age distribution of subjects
Age( ) Total Males Females Fisher’s exact test
SRy n(%) n(%) n(%) Males vs. Females
11=15 52(8.7) 28(9.1) 24(8.3) NS
16-20 177(29.6) 87(28.2) 90(31.0) NS
21-25 160(26.8) 80(26.0) 80(27.6) NS
26-30 72(12.0) 41(13.3) 31(10.7) NS
31-35 32(5.4) 16(5.2) 16(5.5) NS
36-40 20(3.3) 11(3.6) 9(3.1) NS
41-45 27(4.5) 13(4.2) 14(4.8) NS
46-50 23(3.8) 13(4.2) 10(3.4) NS
51- 35(5.9) 19(6.2) 16(5.5) NS
Total 598(100) 308(100) 290(100)

A significance level of p<<0.05 was used for all the comparisons. NS : not significant.

Table2 Number and proportion of injuries

Total Males Females Fisher’s exact test
n(%) n(%) n(%) Males vs. Females
Knee pain 77(11.8) 36(10.7) 41(12.9) NS
Epicondylitis of the elbow 66(10.1) 35(10.4) 31(9.7) NS
Rotator cuff injury 57(8.7) 36(10.7) 21(6.6) NS
Lumbear disc disease 53(8.1) 26(7.8) 27(8.5) NS
Osteoarthritis of the knee 52(8.0) 26(7.8) 26(8.2) NS
Ankle sprain 46(7.0) 15(4.5) 31(9.7) <0.01
Meniscus injury 42(6.4) 23(6.9) 19(6.0) NS
ACL injury 39(6.0) 13(3.9) 26(8.2) <0.05
Others 221(33.8) 125(37.3) 96(30.2) NS
Total 653(100) 335(100) 318(100)

A significance level of p<<0.05 was used for all the comparisons. ACL : anterior cruciate ligament. NS :

not significant.

with OA of the knee was 48.8 years, while the mean
age range of those presenting with other sport injuries
was 20-25 years. Other minor common injuries were
muscle strain (n=17), tenosynovitis of the wrist (n=
16), low back pain (n=15), and others. In particular,
ACL, meniscus, and medial collateral ligament (MCL)
injuries of the knee were all isolated injuries, and com-
bined injuries of the ACL with the meniscus or MCL of
the knee were defined as multiple injuries of the ACL+
meniscus or ACL+MCL, which were not frequent
enough to be included in our analysis.
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3. Gender-specific differences in the types of
injuries

Table 2 also summarizes the proportions of the major
common injuries divided by gender. The most com-
monly observed injuries (as a percentage of the total)
were knee pain (10.7% ), rotator cuff injury (10.7% ),
epicondylitis of the elbow (10.4% ), lumbar disc disease
(7.8%), osteoarthritis of the knee (7.8% ), meniscus
injury (6.9%), ankle sprain (4.5%), and ACL injury
(3.9%) in the males, and knee pain (12.9% ), epicondy-
litis of the elbow (9.7% ), ankle sprain (9.7%), lumbar
disc disease (8.5%), ACL injury (8.2%), OA of the
knee (8.2% ), rotator cuff injury (6.6% ), and meniscus



injury (6.0% ) in the females.

Among the eight common injuries (n=30), there
was a higher proportion of female than male athletes
presenting with ACL injury (8.2% vs. 3.9% ) and ankle
sprain (9.7% vs. 4.5% ). However, there was no signifi-
cant difference in the proportion of the remaining six
injuries between male and female athletes. Minor com-
mon injuries (n<<30) were not enough to be analyzed
because of lack of statistical power due to the small
sample size.

Discussion

An observational study with a retrospective case—
series design was conducted to investigate gender-
specific differences in the types of injuries sustained by
active tennis players. The foci of the discussion are (1)
the common and specific injuries in tennis players, and
(2) the gender-specific differences in the type of inju-
ries sustained while participating in this sport.

Unlike many other sports, active tennis players com-
prise young, middle—aged, and elderly persons. Most
injuries in tennis players are secondary to overuse, and
involve almost all joints of the body. In particular, the
incidence of shoulder, elbow, back, knee, and ankle inju-
ries seems to be higher with lower extremity injuries
more common than those upper extremity and spine
injuries* %, In the present study, the most common
injury in tennis players was knee pain, followed by epi-
condylitis of the elbow, rotator cuff injury, lumbar disc
disease, OA of the knee, ankle sprain, meniscus injury,
and ACL injury. Thus, injuries related to overuse were
more common than those caused by major trauma, and
knee and ankle injuries had a higher proportion fol-
lowed by shoulder and elbow injuries and low back
problems.

Epicondylitis of the elbow was considered being com-
mon in tennis players. Humeral lateral epicondylitis
(tennis elbow) can be extremely problematic because
of its chronic nature and relatively high incidence” .
Tennis elbow is thought to be the result of microtrau-
ma, overuse, and inflammation at the origin of the
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extensor carpi radialis brevis (ECRB) as a result of
repeated large impact forces created when the ball hit
the racket in the backhand stroke®’. In particular, eccen-
tric contraction of wrist extensor muscles including the
ECRB may contribute to tennis elbow® .

Rotator cuff injuries of the shoulder joint including
tendinitis and partial and complete rupture of the ten-
don were considered being common in tennis players.
It is known that tennis players, like participants in
other overhead sports, are vulnerable to rotator cuff
injuries®’. Optimal shoulder function requires good
kinetic chain function, optimal stability, and coordina-
tion of the scapula in the overhead action!”’. A well bal-
anced action of the rotator cuff muscles and capsular
structures is necessary to obtain a stable centre of rota-
tion during the overhead action. The high incidence of
overuse-related shoulder injuries in elite tennis play-
ers is often attributed to both the high repetitive stress
inherent in the game as well as muscular imbalance
between the internal and external rotators on the domi-
nant arm'?. A recent report has shown that elite tennis
players with scapula dyskinesia present a smaller
subacromial space than control subjects!?’. Thus,
impingement syndrome and glenohumeral instability
are considered as the two most common causes of
shoulder pain in tennis players.

OA of the knee was considered as common in tennis
players (mean age . 48.8 years) in the present study.
The long-term weight bearing sports are associated
with a higher risk for the development of OA of the
knee!® . Thus, active participation in tennis could lead
to a higher risk for OA of the knee for players. How-
ever, middle-aged and elderly persons are actively
playing tennis at the recreational level to maintain their
health. OA of the knee in most of the tennis players in
the present study might rather be associated with the
sport activities and development of knee pain due to
pre—existing degenerative OA of the knee.

Among the eight common injuries, there was a
higher proportion of female than male tennis players
presenting with ACL injury (2.1 fold) and ankle sprain
(2.2 fold). Typically, tears of the ACL occur at foot-

19



BZR&5EVOL29 NO.1 20

strike with the knee close to full extension'* 1. Non-
contact mechanisms were classified as sudden decel-
eration prior to a change of direction or landing

motion'®

. It has been suggested that sex hormones,
dynamic neuromuscular imbalance and anatomy may
play a role in the increased risk of ACL injury in female
athletes! . On the other hand, most ankle sprains occur
with an agility move while loaded (with weight-bear-
ing), and follow excess inversion and plantar flexion or
dorsiflexion and eversion'”’. A higher proportion of
female than male athletes presenting with ankle sprain
could possibly result from the same mechanism as ACL
injury. However, gender-specific differences in ankle
sprain seem to be controversial'® 1| probably because
the role of sex hormones, dynamic neuromuscular
imbalance, anatomy and collagen in determining the
risk of ankle sprain in female athletes has been much
less studied compared with ACL injury.

Knee pain was the most common injury in tennis
players in the present study, consistent with the sug-
gestion by Adirim that non-traumatic knee pain
appears to be one of the most common complaints in
young athletes?”’. The playing surface (hard tennis
court) could affect body weight loading on the knee in
tennis players. It is well known that the incidence of
anterior knee pain is higher in female athletes than in
male athletes!. Hormones, anatomical variables, and
dynamic neuromuscular imbalances might contribute
to the higher rate of anterior knee pain in female than
in male athletes!. In the present study, however, knee
pain might not correspond to pure anterior knee pain,
and the proportion of knee pain was similar in male and
female tennis players. The accuracy of MR imaging is
necessary to exclude the meniscus, ligament, articular
cartilage, synovium injuries, tendonopathy, bursitis, or
patellofemoral syndrome and diagnosing knee pain.

Limitations are noted in the present observational
study with a retrospective case—series design. There is
a major bias in the data that could cloud any of the
observational gender-specific differences. Furthermore,
there could be a local bias in that the sports medicine
clinic draws from a broad area and has specialists
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trained to differentiate between injuries. It may not be
sufficient to assess gender differences in injuries by the
present study, as it does not take into account activity
participation rates.

In conclusion, according to our database, the propor-
tions of knee pain, epicondylitis of the elbow, rotator
cuff injuries of the shoulder joint, lumbar disc disease,
OA of the knee, ankle sprain, meniscus injury, and ACL
injury were high in tennis players. Among the eight
common injuries, there was a higher proportion of
female than male tennis players presenting with ACL
injury and ankle sprain. The present observational
study with a retrospective case—series design showed
the common injuries in tennis players, and the exis-
tence of gender—specific differences in the types of
injuries sustained while participating in this sport.
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Urinary Levels of Cross—linked N—terminal
Telopeptides of Type I Collagen are Higher in

Athletes with a Symptomatic Stress Fracture
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@ Abstract

The purpose of this study was to determine whether urinary levels of cross-linked N-terminal
telopeptides of type I collagen (NTX), a specific marker of bone resorption, were higher in athletes
with a symptomatic stress fracture than in those without any bone injury. Twenty-two athletes who
suffered from a stress fracture (the fracture group) and 35 age- and sport activity—matched volun-
teer athletes without any bone injury (the control group) were studied. A puberty-related reduction
in urinary NTX levels was observed, with a steady state after 18-20 years of age. Urinary NTX lev-
els of college and industry/profession athletes, but not of junior high school and high school athletes,
were significantly higher in the fracture group than in the control group. Thus, urinary NTX may
have the potential to be a useful marker in the screening of stress fracture in college and industry/

profession athletes.

temic factors® . It is diagnosed clinically by the exis-
Introduction tence of an area of marked focal bony tenderness in
association with evidence of a fracture on plain radio-
Stress fractures are common in athletes and military graphs or magnetic resonance (MR) images, or a focal
recruits’ ?. A stress fracture can be defined as a par- area of markedly increased uptake on the delayed
tial or complete fracture of bone that results from phase of a technetium 99 m-labeled bone scan. In some
repetitive mechanical loading or the influence of sys- cases, however, radiographs are normal, and therefore
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a stress fracture cannot be diagnosed unless MR
images are obtained or bone scan is performed. Con-
venient methods that can detect or at least suggest the
existence of a fracture should be established.

Stress fractures involve the physiological processes
of microdamage production and bone remodeling? ;
the microdamage production may activate bone remodel-
ing to remove bone that has become fatigue damaged ;
or accelerated bone remodeling increases remodeling
space, resulting in an increase in mechanical loading on
the remaining bone and the subsequent accumulation
of microdamage. Pepper et al®’ have also reported that
a stress injury of bone is the result of either excessive
bone strain with the accumulation of microdamage and
the inability to keep up with appropriate skeletal repair
(fatigue reaction or fracture) or depressed bony remod-
eling in response to normal strain (insufficiency reac-
tion or fracture). The former situation most likely
occurs in athletes and military recruits, and the latter
most likely occurs with the female athlete triad, meta-
bolic bone disease, and osteoporosis®. Thus, stress
fractures are associated with accelerated bone remodel-
ing, and therefore, bone turnover markers as indices of
bone remodeling may have the potential to be a useful
tool in the screening of a stress fracture in athletes® .
Clinically, however, their usefulness is yet to be
established.

The measurement of cross-linked N-terminal
telopeptides of type I collagen (NTX), which is a spe-
cific marker of bone resorption, has been available in
Japan. It is likely that NTX may have the potential to be
a useful marker in the screening of stress fracture in
athletes. The purpose of this study was to determine
whether urinary levels of NTX, a specific marker of
bone resorption (turnover), were higher in athletes
with a symptomatic stress fracture than in those with-
out any bone injury.

Methods

During the one-year period between September
2003 and August 2004, we recruited 22 athletes with a

BARKHEVOL29 NO.1 55

symptomatic stress fracture (13-26 years of age . the
fracture group) and 35 age— and sport activity—-matched
volunteer athletes without any bone injury (12-26
years of age . the control group). None of the subjects
had osteoporotic syndrome including the female ath-
lete triad® or any other conditions that could affect
bone metabolism, except for sport activities. Informed
consent was obtained from each subject. A stress frac-
ture was defined as an area of marked focal bony tender-
ness in association with evidence of a fracture on plain
radiographs or magnetic resonance images, or a focal
area of markedly increased uptake on the delayed
phase of a technetium 99 m-labeled bone scan! . In par-
ticular, bone scan was used to detect stress fractures of
the rib. The uptake of technetium 99 m, particularly in
the tibia, has had various interpretations ; localized
focal uptake of technetium 99 m suggests a stress frac-
ture, whereas its linear uptake along the periosteum
suggest periostitis or stress syndrome (shin splints).
Therefore, the tibia showing localized focal uptake but
not linear uptake of technetium 99 m was diagnosed as
having a stress fracture!’.

Age, height, body weight, body mass index, sport lev-
el, and sport activity were assessed. Urine samples
were collected from all athletes between 9 . 30 am and
11 : 00 am, and urinary NTX levels were measured by
enzyme-linked immunosorbent assay. At the collection
of urine samples, all athletes had stress fracture-
related symptoms such as focal pain and bony
tenderness. Sport level was determined according to
our categories' ; (Wnon-athlete (sporting activity a
few times a month), (@low-recreational (sporting
activity once or twice a week), (3high-recreational
(sporting activity three or more times a week, belong-
ing to a high school sports team or a sporting society),
and (4competitive (competitive sporting activity,
belonging to a professional, industrial, or college sports
team).

Data are expressed as mean=*standard deviation
(SD). Relationship between age and urinary NTX level
was examined by regression analysis. Comparison of
data including urinary NTX levels was performed by
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Table 1 Characteristics of study subjects
Fracture group Control group
Number of subjects 22 35
Male/Female 12/10 26/9
Age (years) 19.0+3.7 174+3.8
Height (m) 1.67+0.09 1.64£0.10
Body weight (kg) 57.9%+10.7 54.1£10.5
Body mass index (kg/m?) 20.5+2.0 20.0+2.3
Sport level 3.0%+0.6 2.81+0.5

Data are expressed as mean = SD. Comparison of data was performed by unpaired 7—test.
There was no significant differences in any characteristics between the two groups.

Table 2 Characteristics of study subjects by age

Industry/

Junior high school High school College

Profession

Fracture Control  Fracture Control  Fracture Control  Fracture Control

Number of subjects 4 10 5 15 9 5 4 5
Male/Female 3/1 9/1 4/1 10/5 3/6 3/2 2/2 4/1
Age (years) 13.8 13.0 16.8 17.3 19.9 21.2 24.8 23.0
Height (m) 1.62 1.54 1.72 1.66 1.67 1.68 1.68 1.72
Body weight (kg) 54.8 47.4 63.0 55.1 58.0 57.0 545 61.4
Body mass index (kg/m?) 20.9 19.9 212 19.8 20.6 19.7 19.1 20.7
Sport level 3.0 2.5 2.8 29 3.1 3.0 2.8 3.2

Data are expressed as mean. Comparison of data was performed by unpaired r-test. There was no significant differences in

any characteristics between the two groups.

unpaired {—test.
Results

1. Characteristics of the study subjects

Tables 1 and 2 show the characteristics of the study
subjects, and Table 3 shows sport activities. In the frac-
ture group, fracture sites were the tibia (n=14), pelvis
(n=4), rib(n=2), femur (n=1), and metatarsus (n=
1). In particular, stress fractures of the ribs were
observed in rowing athletes.

2. Relationship between age and urinary NTX levels

Fig. 1 shows the relationship between age and uri-
nary NTX levels. Regression analysis showed that in
both groups, a puberty-related reduction in urinary
NTX levels was observed, with a steady state after 18—
20 years of age. Furthermore, urinary NTX levels were

56

Table 3 Sport activity

Fracture group Control group

(n=22) (n=35)
Baseball 7 Soccer 12
Track and field 6 Baseball 10
Boxing 2 Track and field 7
Rowing 2 Gymnastics 2
Basketball 2 Tennis 2
Gymnastics 2 Rowing 1
Soccer 1 Basketball 1

4-to 5-fold higher in athletes aged 12-14 years than
those aged 18-20 years in both groups.

Sample size was too small to detect any significant
difference in changes in urinary NTX levels during
growth spurt between male and female athletes.
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Fig. 1 Relationship between age and urinary NTX levels
Regression analysis showed that in both groups, a puberty—related reduction in uri-
nary NTX levels was observed, with a steady state after 18-20 years of age. Further-
more, urinary NTX levels were 4- to 5—fold higher in athletes aged 12-14 years than

those aged 18-20 years in both groups.

In the fracture group : urinary NTX=4982.771—641.211Xage+27.855Xage®—
0.401Xage® (R?=0.834, p<0.0001) ; In the control group : urinary NTX=
5718.728—810.215Xage+38.585 x age*—0.611 X age® (R?=0.824, p<0.0001).

3. Urinary NTX levels

Urinary NTX levels were 167.0+135.0 nmol BCE/
mmol Cr in the fracture group and 161.1+156.9 nmol
BCE/mmol Cr in the control group, with no significant
difference between the two groups.

When urinary NTX levels were compared between
male and female athletes, urinary NTX levels did not
differ significantly between the fracture and control
groups (209.94+149.1 vs. 182.1+176.1 nmol BCE/
mmol Cr, respectively for male athletes and 115.5+
100.0 vs. 100.2+45.7 nmol BCE/mmol Cr, respec-
tively for female athletes).

When urinary NTX levels were compared between
the two groups by dividing athletes into junior high
school, high school, college, and industrial/profes-
sional athletes (Fig. 2), urinary NTX levels did not dif-
fer significantly between the fracture and control
groups in junior high school and high school athletes.
However, urinary NTX levels were significantly higher

in the fracture group than in the control group in col-
lege and industrial/professional athletes.

Discussion

This cross—sectional study showed that urinary
NTX levels declined with puberty, and that urinary
NTX levels were higher in college and industrial/pro-
fessional athletes with a symptomatic stress fracture
than in age—- and sport activity—matched athletes with-
out any bone injury. However, this difference was not
found in junior high school and high school athletes,
probably because of the much stronger influence of
growth spurt on an increase in bone turnover relative
to that of excessive training. Stress fractures have been
suggested to involve the physiological processes of
microdamage production and accelerated bone
remodeling® . Our results support the concept of micro-
damage and accelerated bone remodeling (turnover) in
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Fig.2 Urinary NTX levels
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Data are expressed as mean®SD. Comparison of urinary NTX levels was performed by
unpaired t-test. Urinary NTX levels did not differ significantly between the fracture and con-
trol groups in junior high school and high school athletes. However, urinary NTX levels were
significantly higher in the fracture group than in the control group in college and industrial/

professional athletes.
NS ! not significant.

athletes. High levels of urinary NTX might be associ-
ated with microdamage and accelerated bone turnover
in athletes with a symptomatic stress fracture.

Several reports have described in detail the distribu-
tion of stress fractures in a large number of
athletes” 12 These studies have generally shown that
the tibia is the most common site of stress fractures,
followed by the metatarsal and tarsal bones. Running
has been the most common sport activities, resulting in
stress fractures. Our previous study also showed that
particular sports were associated with specific sites for
stress fractures?. Track and field athletics and other
types of sports that involve running cause most stress
fractures of the tibia, metatarsal and tarsal bones, and
sometimes the pelvis. Jumpers have a predisposition to
stress fractures of the tibia and tarsal bones. Throwing
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by athletes is typically associated with stress fractures
of the ulnar olecranon. Our current study supports
these results. Although almost any sport activity can
cause stress fractures, swimming seems to be low risk
in this respect.

Various bone resorption markers have been
developed. Bone resorption markers are produced by
different mechanisms!® ; tartrate-resistant acid phos-
phatase (TRAP) is secreted by osteoclasts, cross-
linked N-and C-terminal telopeptides of type I colla-
gen (NTX and CTX, respectively) are the degradation
products of type I collagen, mainly produced by
cathepsin K, and pyridinoline cross-linked carboxy-
terminal telopeptides of type I collagen (1CTP) s also
a degradation product of type I collagen, by matrix
metalloproteases. NTX, produced by cathepsin K, is



thought to be an indicator of healthy bone resorption
processes, and its levels are altered according to bone
remodeling status. The fracture itself may not mark-
edly increase NTX levels, because a fracture is physi-
cal destruction of bone.

In fact, some evidence on a fracture and bone mark-
ers has been reported. Takahashi et al'¥’ demonstrated
that during the acute phase of hip fracture, bone resorp-
tion markers, such as urinary pyridinoline (PRY) and
deoxypyridinoline (DPD), slightly increased, and bone
formation markers, such as alkaline phosphatase (ALP)
and osteocalcin (OC), did not change. Therefore, the
increase in urinary NTX levels in athletes with a symp-
tomatic stress fracture in this study might be not due to
the fracture itself, but due to increased bone turnover.

Bennell et all®

investigated the relationship
between baseline urinary NTX levels and stress frac-
ture occurrence in track and field athletes in a prospec-
tive study ; baseline urinary NTX levels could not pre-
dict the likelihood of stress fractures during a one-year
period. The changes in urinary levels of NTX, a more
specific bone resorption (turnover) marker than uri-
nary PRY and DPD, associated with stress fracture
development were not investigated. They emphasized
the importance of the pathogenetic role of local
changes in bone remodeling at stress fracture sites and
the necessity for direct assessment of osteoclastic and
osteoblastic activities. However, we surmise that a
stress fracture may be only a revealed symptom result-
ing from general fatigue in terms of generally acceler-
ated bone remodeling.

A puberty-related decline in bone turnover, as indi-
cated by bone markers, in children and adolescents has
been reported'® 1. During growth, bones change
their dimensions rapidly with the changes involving
both bone formation and resorption processes. In par-

ticular, Mora et al!®

reported a puberty-related
decline in urinary NTX levels in healthy children and
adolescents ; the prepubertal levels of urinary NTX
were 4- to 5-fold higher than in adults, and urinary
NTX levels decreased toward the adult levels in late

puberty. Our results in athletes were consistent with
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the previous reports in non-athletes. When urinary
NTX levels were evaluated, their puberty-related
changes should be taken into consideration in athletes.
It is known that changes in bone markers during
growth spurt differ between boys and girls'”’. How-
ever, the current study did not detect any significant dif-
ference in changes in urinary NTX levels during
growth between male and female athletes due to the
small sample size.

Limitations of the study are noted. First, this study
performed just cross—sectional comparison, and the
transient increase in urinary NTX levels associated
with stress fracture development was not assessed. A
prospective observation is needed. Second, the sample
size was small and the sport activities were not
consistent. Because sport and training activities could
affect bone turnover differently, the type of endurance
and resistance training should be considered. A large
number of subjects are needed. Third, we measured
urinary NTX levels in athletes who had stress fracture—-
related symptoms such as focal pain and bony
tenderness. It remains uncertain whether urinary NTX
levels are still higher in athletes whose stress fractures
have been healed. Further observations are needed to
clarify this issue. Fourth, we did not assess bone forma-
tion markers in this study. It remains uncertain
whether serum levels of bone formation markers are
higher in athletes with a symptomatic stress fracture
than in those without any bone injury. Further studies
are needed to clarify this issue. Fifth, no non-athlete
controls were included. It is uncertain whether sport
activity increased, sustained, or decreased urinary
NTX levels (bone turnover) in this study. A study
showed only a training-related transient increase in
bone formation and resorption markers in military
recruits® . Therefore, further well-controlled, prospec-
tive studies conducted on a large number of athletes
are needed to confirm our results.

In conclusion, we measured urinary NTX levels in
athletes with a symptomatic stress fracture and age-
and sport activity-matched volunteer athletes without
any bone injury. Our results suggest that the puberty-
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related change in urinary NTX levels should be taken

into consideration in athletes, and that a symptomatic

stress fracture is associated with higher levels of uri-

nary NTX. Urinary NTX may have the potential to be a

useful marker in the screening of a stress fracture in

college and industry/profession athletes.

9)

10)
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