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ANATOMY AND BIOMECHANICS OF THE
DISTAL TIBIOFIBULAR SYNDESMOSIS
The distal tibiofibular joint, which is formed by the distal
fibula with convex configuration and the lateral side of the
distal tibia with concave configuration, has been defined
as a syndesmotic articulation with no articular cartilage. In
spite of a small amount of motion, this joint has a very
important role in ankle joint motion. In previous publications, the intermalleolar distance increases by approximately 1.5 mm through full plantar flexion to the dorsal flexed
position of the ankle[1], and this widening is brought about
by rotation, translation and migration of the fibula[1,2]. The
fibula migrates distally and translates medially in plantar
flexion and rotates laterally and migrates proximally in
dorsal flexion to accommodate a wide anterior part of the
talus into the widened space[1,2].
The distal tibiofibular syndesmosis contains 5 ligaments, the anterior inferior tibiofibular ligament (AITFL),
posterior inferior tibiofibular ligament (PITFL), interosseous ligament (IOL), transverse tibiofibular ligament
(TTFL), and the posterior intermalleolar ligament (PIML).
Although the fibula has no contact with the weight bearing area of the talus, approximately 16% of the weight
is transmitted through the fibula because of these strong
syndesmosis ligaments[3]. The AITFL and PITFL have a
role in holding the fibula tight to the tibia. The IOL represents the thickened distal part of the interosseous membrane[4] and the role of this ligament is still controversial[5-7].
Although Outland described this ligament as “the chief
bond between the two bones”[5], some investigators have
reported that this ligament was weaker than the AITFL

Abstract
Disruption of the distal tibiofibular syndesmosis is frequently accompanied by rotational ankle fracture such
as pronation-external rotation and rarely occurs without
ankle fracture. In such injury, not only inadequately
treated or misdiagnosed cases, but also correctly diagnosed cases can possibly result in a chronic pattern
which is more troublesome to treat than an acute pattern. This paper reviews anatomical and biomechanical
characteristics of the distal tibiofibular joint, the mechanism of chronic disruption of the distal tibiofibular syndesmosis, radiological and arthroscopic diagnosis, and
surgical treatment.
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and PITFL[6]. On the other hand, recent biomechanical
experience has confirmed more stiffness and failure load
of the IOL than those of the AITFL[7]. The TTFL is considered to be distal or located in a deep part of the PITFL
and forms a part of the articular surface for the talus. This
ligament deepens the articular surface of the distal tibia
and prevents posterior translation of the talus. Although
the PIML has been neglected in the anatomy literature, the
existence of this ligament has been revealed recently to be
a cause of posterior impingement syndrome which brings
about posterolateral ankle pain during plantar flexion[8].
Furthermore, radiological study has demonstrated this
ligament to be an almost invariably present anatomical entity[9-11], however, its anatomical role is still unknown.

contact pressure in complete disruption of the syndesmosis
with the addition of deltoid ligament sectioning.

MECHANISM OF INJURY
Although the mechanism of injury in the distal tibiofibular
syndesmosis remains unclear, the correlation of external
rotation force to the foot has been considered as a common mechanism[4,16]. This injury is accompanied frequently
by some types of rotational ankle fracture such as pronation-external rotation and pronation-abduction fracture,
and supination-external rotation fracture less frequently according to the Lauge-Hansen classification. Furthermore,
rotational ankle injury with high fibular fracture which was
named “Maisonneuve fracture” is well known to have a
high complication rate[17,18]. In the case of acute syndesmosis injury, syndesmosis screw fixation continues to be a
commonly used therapeutic option, and good results have
been reported in several studies[4,16,19], although there are
several controversies regarding the number, size, position
and necessity for removal[4,16,19]. Recently, this information and the diagnostic methods for acute syndesmosis
injury have been widely reported, however, there are still
inadequately treated or misdiagnosed cases which result
in a chronic pattern[20-24]. Furthermore, a recent study has
reported that even if complicated syndesmosis injury had
been diagnosed correctly and treated by means of syndesmosis screw fixation in an acute phase, malreduction of
the tibiofibular syndesmosis could occur, which would also
result in a chronic pattern[25].
The injury of distal tibiofibular syndesmosis without
fracture has been rarely reported[26-31]. Edwards and DeLee
described ankle diastasis without fracture in detail[26]. They
defined “sprain” as tenderness over the deltoid and anterior syndesmosis ligaments but an intact deltoid ligament,
and “diastasis” as similar tenderness with rupture of the
deltoid and syndesmosis ligaments[26]. These were differentiated using stress roentgenography with external rotation
and abduction stress[26]. Furthermore, they classified “diastasis” under two general types, one was latent diastasis
which could not be diagnosed by routine radiographs but
showed diastasis using stress radiography, and the other
was frank diastasis which showed visible diastasis using
routine radiography[26]. These injuries may be considered
as slight injuries because radiography shows no fracture,
however, if these injuries are misdiagnosed or inadequately
treated, there is a possibility of advancement to a chronic
pattern which is more troublesome to treat than an acute
pattern.

RELATIONSHIP BETWEEN DIASTASIS
OF THE DISTAL TIBIOFIBULAR
SYNDESMOSIS AND MEDIAL
STRUCTURES
Several cadaveric studies revealed the effect of disrupted
medial structures of the ankle joint in diastasis of the
distal tibiofibular syndesmosis[1,12-15]. Close sectioning of
all the ligaments of the syndesmosis in the cadaver study
showed that there was only a 2 mm widening of the mortise, however, when section of the deep deltoid ligament
was added, the widening of the mortise reached up to
3.7 mm[1]. Rasmussen et al[12] performed complete cutting
of the distal tibiofibular ligaments, which resulted in only
minor abnormality in motion, however, external rotation
was greatly increased by further cutting of the anterior part
of the deltoid ligament. Boden et al[13] created two groups
of the pronation-external rotation model which included
disruption of the syndesmosis and interosseous membrane up to the level of the fibular fracture with different
injury of medial structures. Group Ⅰ mimicked rupture
of the deltoid ligament and Group Ⅱ mimicked internally
fixed medial malleolus after fracture. Although Group Ⅱ
showed only minimum widening of the syndesmosis (1.4
± 0.3 mm), Group Ⅰ showed progressive widening of the
syndesmosis (from 0.5 to 4.5 mm) as the level of disruption of the interosseous membrane increased from 1.5 to
15 cm proximal to the ankle[13]. Michelson and Waldman
reported no significant change in motion of the talus even
if there was a fibular fracture 4 cm above the plafond and
disruption of the syndesmosis to 6 cm. When section of
the deep deltoid ligament was added, the ankle dislocated
in plantar flexion[14].
Although these studies did not reproduce exactly the
condition of real ankle injury, the common results of these
studies imply the involvement of medial structures, especially the deltoid ligament which is difficult to repair rigidly
compared to the medial malleolar fracture on which it is
possible to perform rigid internal fixation, to prevent diastasis of the distal tibiofibular syndesmosis. Burns et al[15] revealed in their cadaver study that there was a 39% reduction
in the tibiotalar contact area and a 42% increase in the peak

WJO|www.wjgnet.com

CLINICAL SYMPTOMS
Patients with chronic disruption of the distal tibiofibular syndesmosis generally have persistent pain on weight
bearing after their initial injuries of the ankle[21-23]. Pain is
aggravated by a combination of dorsiflexion and external
rotation force which enables the distal tibiofibular joint to
stretch[22]. These patients also complain of instability of the
syndesmosis as a giving way, especially when walking on
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uneven ground[32]. Physical examination generally reveals
persistent swelling at the anterolateral region of the syndesmosis and restricted dorsiflexion of the talocrural joint[21-23].

border of the anterior tibial prominence[39,40]. Although
the measurement of this distance is also performed at the
same level and using the same views as the tibiofibular
clear space, normal criteria are different between these
two views. On AP view, the measurement is defined as
normal if the distance is greater than approximately 6 mm
or 42% of fibular width[40]. On mortise view, the measurement is defined as normal if the distance is greater than
approximately 1 mm[39]. Medial clear space is the distance
from the lateral border of the medial malleolus to the medial border of the talus at the level of the talar dome on
the mortise view, and the measurement of this distance is
defined as abnormal if it is greater than 4 mm[41]. Another
criterion often used, is whether the medial clear space is
equal to or less than the superior clear space, which is the
distance between the talar dome and the tibial plafond[41].
Although these three parameters are applied clinically,
there is still controversy regarding the reliability of these
parameters[41-43]. Pneumaticos et al[42] performed a cadaver
study and concluded that the tibiofibular clear space on
the AP view was the most reliable parameter because this
parameter did not change significantly with rotation compared with tibiofibular overlap and medial clear space. On
the other hand, Beumer et al[41] showed no optimal radiographic parameter which could assess syndesmotic integrity and tibiofibular overlap, and a comparison between
medial and superior clear space was found to be the most
useful in their cadaver study. Furthermore, Nielson et al[43]
evaluated the accuracy of these parameters by means of
magnetic resonance imaging (MRI), and observed no association between the tibiofibular clear space and overlap
measurements on radiographs with syndesmotic injury on
MRI. They emphasized the importance of a medial clear
space greater than 4 mm to diagnose disruption of the
deltoid and the distal tibiofibular ligaments[43].

DIAGNOSIS
Manual stress test
Hopkinson et al[29] reported on the efficacy of the squeeze
test which could clinically diagnose syndesmosis sprain.
The squeeze test was considered positive when compression of the fibula to the tibia above the midpoint of the
calf produced distal pain in the area of the interosseous
ligament or its supporting structures[29]. Biomechanical
analysis confirmed motion at the distal tibiofibular joint
by compressing the calf, and considered the cause of pain
noted during a positive squeeze test, as tension in the remaining fibers of the syndesmosis ligament as the distal
fibula moved away from the distal tibia[33]. Boytim et al[28]
diagnosed syndesmotic ankle sprains by applying an external rotation stress test. This test was performed by applying an external rotation stress to the affected foot and
ankle with the knee held at 90° of flexion and the ankle
in a neutral position[28]. A positive test produced pain over
the anterior or posterior tibiofibular ligament and over the
interosseous membrane[28]. Ogilvie-Harris and Reed performed not only an external rotation stress test, but also
a fibular translation test, which attempted to translate the
fibula on the tibia in the anterior-posterior plane by grasping the fibula and the tibia directly to diagnose disruption
of the ankle syndesmosis[34]. However, according to an
evaluation by Beumer et al[35], these manual tests were not
uniformly positive in chronic syndesmosis injury. Some
investigators have reported on the usefulness of stress
radiography to diagnose syndesmotic injury[36-38]. Recent
studies have applied gravity stress to radiography to detect occult disruption of the deltoid ligament which may
be accompanied by supination-external rotation fibular
fracture[36,37]. Stoffel et al[38] compared the external rotation
stress with the lateral stress in their cadaveric study to evaluate which stress was superior in detecting syndesmotic injury, and concluded that the lateral stress was the superior
stress direction. However, these stress tests have practical
difficulties as the procedures need sufficient anesthesia and
are rarely used clinically.

Other radiological methods
Because of the controversial reliability of radiological
parameters to diagnose disruption of the distal tibiofibular syndesmosis, other radiological assessments have
been used[44-46]. Computed tomography (CT) scanning is
more sensitive than radiography for detecting the minor
degrees of syndesmotic injuries[44]. Furthermore, recent
reports have revealed the diagnostic value of MRI for
disruption of the distal tibiofibular syndesmosis[45,46].
Oae et al[45] demonstrated the efficacy of MRI in diagnosing injury of the tibiofibular syndesmosis, which had
a sensitivity of 100% and a specificity of 94% for the diagnosis of AITFL disruption, and a sensitivity of 100%
and a specificity of 100% for the diagnosis of PITFL
disruption. Han et al[46] showed a sensitivity of 90.0%
and a specificity of 94.8% for MRI in the diagnosis of
chronic syndesmosis injury. Following these recent studies[44-46], CT and MRI have now replaced radiographic
assessment in the preoperative diagnosis of chronic disruption of the distal tibiofibular syndesmosis.

Radiography
Generally, antero-posterior (AP), lateral and mortise views
are evaluated for ankle disorders during radiographic examination, and three radiographic parameters have been
established to evaluate diastasis of the distal tibiofibular
joint: tibiofibular clear space[39,40], tibiofibular overlap[39,40]
and medial clear space[41]. Tibiofibular clear space is the
distance from the lateral border of the posterior malleolus
in the distal tibia to the medial border of the fibula[39,40].
The measurement of this distance is performed at 1 cm
above the plafond on AP and mortise views and defined
as normal if the measurement is less than approximately
6 mm on both views[39]. Tibiofibular overlap is the distance from the medial border of the fibula to the lateral
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Arthroscopy
Arthroscopic examination is very useful for the diagnosis
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A

Treatment
The symptoms caused by disruption of the distal tibiofibular syndesmosis may be controlled, to some degree,
by conservative therapy, however, patients who do not
respond to such therapy require surgical intervention.
Although several techniques had been reported in previous publications[49-58], there is still no gold standard for the
management of chronic disruption of the distal tibiofibular syndesmosis. Beals and Manoli reported a case of late
syndesmosis disruption after rotational ankle fracture, and
a good prognosis was achieved by debridement of the distal tibiofibular joint and medial gutter accompanied by syndesmosis screw fixation[49]. A similar technique was used
by Harper, who performed syndesmosis screw fixation
with or without syndesmosis debridement in 6 patients
with chronic disruption after pronation - external rotation
stage 4 fracture[50]. As an additional procedure at surgery,
arthrodesis of the tibiofibular interval was performed in a
patient due to residual incongruity[50]. In this series, 4 of 6
patients were completely satisfied by this procedure[50]. A
recent report also demonstrated the efficacy of arthroscopic debridement of the distal tibiofibular syndesmosis and
medial gutter with percutaneous fixation of the syndesmosis using screws as a less invasive technique[51].
Using another method, Beumer et al[52] introduced a
medialized advancement of the insertion of the AITFL
on the tibia with a bone block to tense a slack but continuous AITFL. During this procedure, syndesmosis screw
fixation was added after fixation of the bone block using
a small screw[52]. Mosier-LaClair et al[53] recommended syndesmosis screw fixation and repair of the AITFL using
two suture anchors for late reconstruction of the distal
tibiofibular joint. These techniques seem to be indicated
for patients with continuous AITFL, but are not indicated
for patients with attenuated or ruptured AITFL.
On the other hand, some reconstructive surgeries using
local or free autogenous substitute have been reported[54,55].
Grass et al[54] reconstructed not only the AITFL and PITFL,
but also the IOL using a split autologous peroneus longus
tendon graft for chronic instability of the distal tibiofibular
syndesmosis, and reported pain relief in 15 of 16 cases
treated using this procedure. Morris et al[55] harvested a free
hamstring autograft for reconstruction of the AITFL and
IOL in the distal tibiofibular syndesmosis. They performed
this procedure for 8 patients with chronic syndesmotic
instability after ankle fracture in 4 patients, isolated injuries
with no fracture in 2 patients and without obvious trauma
in 2 patients, and all patients achieved good clinical results[55]. Although these two reports commonly emphasized
the importance of reconstructing the IOL[54,55], there is still
no clear evidence on which ligament should be reconstructed. Furthermore, no studies have examined the optimal
substitute for such reconstructive surgery.
Some authors have recommended arthrodesis of the
distal tibiofibular joint for chronic cases[56-58]. Katznelson
et al[56] performed arthrodesis of the distal tibiofibular joint
in 5 patients, 4 of whom were pain-free and achieved a full
range of motion of the ankle joint at one year after surgery. Espinosa et al[57] defined a chronic syndesmosis injury

Tibia

Fibula

Talus

B
Tibia

Fibula

Talus

Figure 1 Arthroscopic findings of the anterior tibiofibular space in the
neutral position (A) and under external rotation stress (B), which shows a
widening of the anterior tibiofibular space of more than 2 mm.

of chronic disruption of the distal tibiofibular syndesmosis because it permits not only direct visualization of disrupted AITFL, PITFL and transverse ligament, but also
direct visualization of instability by applying stress force
to the ankle during examination[34,47,48]. Even in cases with
the diagnosis of chronic disruption of the distal tibiofibular syndesmosis by radiological assessment, we routinely
perform arthroscopic assessment at the same time as surgery to confirm the diagnosis directly. However, we have
never performed arthroscopy alone as an examination to
confirm the findings of other radiological examinations.
For direct visualization, we use the anterolateral and anteromedial portal. The anteromedial portal is more suitable for best visualization of the disrupted AITFL, while
the anterolateral portal is more suitable for the disrupted
PITFL. To confirm instability of the distal tibiofibular
syndesmosis, a stress test is performed by moving the
ankle from the neutral position to external rotation. We
consider that instability is present if an opening of 2 mm
can be identified by rotation stress[47,48]. Arthroscopic assessment also provides information on the volume of the
fibrous tissue which is interposed in the distal tibiofibular
joint, and which should be debrided prior to open surgery. Furthermore, other intra-articular disorders such as
osteochondral injury or synovitis which may accompany
chronic disruption of the distal tibiofibular syndesmosis
can be accessed and treated simultaneously. We consider
arthroscopic examination to be the most reliable method
for diagnosing disruption of the distal tibiofibular syndesmosis (Figure 1).
WJO|www.wjgnet.com
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as persistent syndesmotic widening 3 months after injury
and recommended open arthrodesis for such cases. Pena
and Coetzee[58] suggested arthrodesis for cases with significant incongruity evaluated by CT at more than 6 mo after
initial injury. They stated as the author’s perception that final ankle function was definitely not sufficient to maintain
an active athletic life[58]. It is unclear whether obliteration
of distal tibiofibular joint motion will deteriorate ankle
joint function in the future as there is no report which
shows the clinical and functional results of arthrodesis of
the distal tibiofibular joint after long term follow up.
Although each type of surgery has achieved good outcome and prognosis in previous publications[49-58], there
are still some problems to be solved in order to establish
a gold standard for the surgical management of chronic
disruption of the distal tibiofibular joint.
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aerobics (5.3%), and classical ballet (4.9%). The most
common sites of stress fractures in these patients were
the tibia (44.1%), followed by the rib (14.1%), metatarsal bone (12.9%), ulnar olecranon (8.7%) and pelvis
(8.4%). The sites of the stress fractures varied from
sport to sport. The ulnar olecranon was the most common stress fracture site in baseball players, and the
rib was the most common in rowers. Basketball and
classical ballet athletes predominantly sustained stress
fractures of the tibia and metatarsal bone. Track and
field and soccer athletes predominantly sustained stress
fractures of the tibia and pubic bone. Aerobics athletes
predominantly sustained stress fractures of the tibia.
Middle and long distance female runners who sustained
multiple stress fractures had the female athlete triad.

Abstract

CONCLUSION: The results of this analysis showed that
stress fractures were seen in high-level young athletes,
with similar proportions for males and females, and that
particular sports were associated with specific sites for
stress fractures. Middle and long distance female runners
who suffered from multiple stress fractures had the female athlete triad.

AIM: To analyze stress fractures in athletes based on
experience from our sports medicine clinic.
METHODS: We investigated the association between
stress fractures and age, sex, sports level, sports activity, and skeletal site in athletes seen at our sports
medicine clinic between September 1991 and April
2009. Stress fractures of the pars interarticularis were
excluded from this analysis.

© 2011 Baishideng. All rights reserved.

Key words: Athletes; Bone mineral density; Female
athlete triad; Stress fracture; Vitamin D insufficiency

RESULTS: During this period (18 years and 8 mo),
14276 patients (9215 males and 5061 females) consulted our clinic because of sports-related injuries, and
263 patients (1.8%) [171 males (1.9%) and 92 females
(1.8%)] sustained stress fractures. The average age of
the patients with stress fractures was 20.2 years (range
10-46 years); 112 patients (42.6%) were 15-19 years of
age and 90 (34.2%) were 20-24 years of age. Altogether, 90 patients (34.2%) were active at a high recreational level and 173 (65.8%) at a competitive level. The
highest proportion of stress fractures was seen in basketball athletes (21.3%), followed by baseball (13.7%),
track and field (11.4%), rowing (9.5%), soccer (8.4%),
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INTRODUCTION
Stress fractures are common injuries in athletes and military recruits. A stress fracture can be defined as a partial
or complete fracture of bone that results from repeated
application of stress lower than that required to fracture
the bone in a single loading situation[1]. It is generally accepted that the tibia is the most common site of stress
fractures, followed by the metatarsal and tarsal bones[2,3].
Running activities are the most common sports activities
that result in stress fractures[2,3].
Epidemiological studies have identified the clinical
risk factors of stress fractures in athletes and military
recruits. The etiology of stress fractures is multifactorial and many clinical risk factors have been identified;
polymorphism of vitamin D receptor (Fokl and Bsml)[4],
low serum levels of 25(OH)D[5], high serum parathyroid
hormone level[6], low stiffness index (heel quantitative
ultrasound parameter)[4,7], low bone mineral content and
density (BMC and BMD, respectively) of the hip[6], tall
stature[6,8], leanness[8], poor physical fitness/condition[6,9,10],
sense of burnout[8], iron deficiency[8], higher age[9], gender
(female)[9,11], low bone turnover[7], smoking[10], and amenorrhea[10]. However, no consensus has been reached. It is
important for physicians to understand the features and
etiology of stress fractures for the prevention and treatment of this crucial sports injury. The aim of this study
was to analyze stress fractures in athletes based on experience from our sports medicine clinic. We investigated the
association between stress fractures and age, sex, sports
level, sports activity, and skeletal site in athletes seen at
our sports medicine clinic. Cases with the female athlete
triad (eating disorder, amenorrhea, and low BMD)[12] or
vitamin D insufficiency were also included.

Figure 1 A case of stress fracture of the tibia diagnosed by technetium
99m-labeled bone scan. Although there were no abnormal findings on the
plain radiographs of the tibia, the bone scan showed the uptake of technetium
99m in the tibial diaphysis. The localized focal uptake of technetium 99m suggests a stress fracture.

acute shin splints have a spectrum of MR findings (normal appearance, periosteal fluid only, abnormal marrow
signal intensity, and stress fracture), which suggests this
clinical entity is part of a continuum of stress response in
bone[16]. However, the strong association between chronic
symptoms and a normal-appearing MR image implies that
this modality has less utility in these patients[16]. Thus, MR
images were not useful for distinguishing shin splints and
stress fractures in athletes.
Athletes were defined as young and middle-aged persons who engaged in low-recreational, high-recreational,
and competitive sports activities according to the following categories; non-athlete (sports activity a few times a
month), low-recreational (sports activity once or twice
a week), high-recreational (sports activity three or more
times a week, belonging to a high school sports team or a
sports society), and competitive (competitive sports activity, belonging to a professional, industrial, or college sports
team).
We analyzed the cases of stress fractures in athletes
seen at our clinic and compared our results with those of
previously published studies. In particular, the following
features of each stress fracture patient were noted: age,
sex, sports level, sports activity, and fracture site. Cases
with the female athlete triad or vitamin D insufficiency
were also included. Stress fractures of the pars interarticularis were excluded from the study.

MATERIALS AND METHODS
During the 18 years and 8 mo period between September
1991 and April 2009, a total of 14 276 patients consulted
our sports medicine clinic because of sports-related injuries. Of these patients, the study subjects selected were
athletes who sustained stress fractures.
A stress fracture was determined clinically as an area of
marked focal, bony tenderness in association with evidence
of a fracture on plain radiographs or magnetic resonance
(MR) images, or a focal area of markedly increased uptake
on the delayed phase of a technetium 99m-labeled bone
scan. In particular, the bone scan was used to detect stress
fractures of the rib in rowers, and MR images provided a
rapid, anatomically precise diagnosis of stress fractures of
the ulnar olecranon in baseball pitchers without additional
radiation exposure. The uptake of technetium 99m, particularly in the tibial diaphysis, has had various interpretations; localized focal uptake of technetium 99m suggests
a stress fracture (Figure 1), whereas its linear uptake along
the periosteum suggests periostitis or stress syndrome
(shin splints)[13-15]. Therefore, the tibiae showing localized
focal uptake but not linear uptake of technetium 99m
were diagnosed as having a stress fracture. Patients with
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RESULTS
Of the 14 276 patients, 9215 were male and 5061 were
female. Stress fractures were seen in 263 patients (171
males, 92 females). The proportion of stress fractures
was 1.8% in all patients (1.9% in males, 1.8% in females).
The age distribution is shown in Table 1. The average age
of the patients with stress fractures was 20.2 years (range
10-46 years); 112 patients (42.6%) were 15-19 years of
age and 90 (34.2%) were 20-24 years of age. Altogether,
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Table 1 Age and sex of athletes with stress fractures
n (%)

Age (yr)
10-14
15-19
20-24
25-29
≥ 30
Total

R

Male/Female

24 (9.1)
112 (42.6)
90 (34.2)
21 (8.0)
16 (6.1)
263 (100)

17/7
76/36
57/33
9/12
12/4
171/92

Table 2 Sports represented in stress fracture series
n (%)

Sport
Basketball
Baseball
Track and field
Rowing
Soccer
Aerobics
Classical ballet
Rugby
Tennis
Volleyball
Others
Total

56 (21.3)
36 (13.7)
30 (11.4)
25 (9.5)
22 (8.4)
14 (5.3)
13 (4.9)
8 (3.0)
7 (2.7)
6 (2.3)
46 (17.5)
263 (100)

Male/Female
32/24
35/1
9/21
23/2
20/2
2/12
0/13
6/2
7/0
1/5
36/10
171/92

Figure 2 A case of stress fracture of the medial malleolus of the tibia. Although there were no abnormal findings on the plain radiographs of the ankle, the
bone scan showed the uptake of technetium 99m in the medial malleolus of the
tibia. The localized focal uptake of technetium 99m suggests a stress fracture.

ficiency as determined by serum 25(OH)D concentration
(< 30 ng/mL). Following conservative treatment with the
active form of vitamin D3 (alfacalcidol), this patient returned to play in 6 mo.

90 patients (34.2%) were active at a high recreational level
and 173 (65.8%) at a competitive level.
The distribution of sports activities associated with
stress fractures is shown in Table 2. The highest proportion of stress fractures was seen in basketball athletes
(21.3%), followed by baseball (13.7%), track and field
(11.4%), rowing (9.5%), soccer (8.4%), aerobics (5.3%),
and classical ballet (4.9%). The distribution of stress
fracture sites is shown in Table 3, and includes reports by
other investigators[2]. The most common sites of stress
fractures in these patients were the tibia (44.1%), followed
by the rib (14.1%), metatarsal bone (12.9%), ulnar olecranon (8.7%) and pelvis (8.4%). The proportions of olecranon and rib stress fractures were higher in our clinic than
in other facilities (Table 3).
The sites of the stress fractures varied from sport to
sport. The ulnar olecranon was the most common stress
fracture site in baseball players, and the rib was the most
common in rowers. Basketball and classical ballet athletes
predominantly sustained stress fractures of the tibia and
metatarsal bone. Track and field and soccer athletes predominantly sustained stress fractures of the tibia and pubic
bone. Aerobics athletes predominantly sustained stress
fractures of the tibia.
Four young elite middle and long distance female runners sustained multiple stress fractures as well as low body
mass index and the female athlete triad (eating disorder,
amenorrhea, and low lumbar spine BMD) (Table 4).
One athlete who sustained a stress fracture had vitamin D insufficiency; a young Kendo female athlete (19
years of age) was diagnosed as having a stress fracture
in the medial malleolus of the tibia by a technetium
99m-labeled bone scan (Figure 2) and vitamin D insuf-
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DISCUSSION
An analysis of stress fractures treated in our sports medicine clinic showed that running and jumping activities were
the most common sports activities that resulted in stress
fractures in the lower limbs, and that stress fractures were
commonly seen in the tibia (Table 3). Particular sports were
associated with specific stress fracture sites. Furthermore, in
our experience, multiple stress fractures can be associated
with the female athlete triad. One athlete who sustained a
stress fracture had vitamin D insufficiency.
The ulnar olecranon was the most common stress
fracture site in baseball players. Because the athletes in two
professional baseball teams were obliged to consult us, the
proportion of olecranon stress fractures might have been
higher in our clinic than in other facilities (Table 3). Stress
fractures of the olecranon may be caused by repeated extensor tug on the olecranon by the triceps muscle[17], or impaction force on the olecranon due to impingement between
the olecranon and the olecranon fossa with valgus stress[18].
The rib was the most common stress fracture site
among rowers. Because rowers in the high school and university related to our university hospital were obliged to
consult us, the proportion of rib stress fractures might have
been higher in our clinic than in other facilities (Table 3).
The most frequently reported cause of rib stress fractures
is direct pull on muscles, (i.e. serratus anterior and rectus
abdominis muscles)[19]. Recently, however, rib loading
(which mostly occurs during the drive phase of the rowing stroke) has been hypothesized to contribute to the occurrence of these fractures[19].
The female athlete triad including eating disorders,
functional hypothalamic amenorrhea, and low BMD is a
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Table 3 Proportion of stress fractures in athlete
Investigator (yr)
No. of case
Upper limb
Metacarpal bone
Humerus
Ulna
Trunk
Rib
Spine
Pelvis
Lower limb
Femur
Patella
Lower leg
Tibia
Fibula
Tarsal bone
Metatarsal bone
Sesamoid
Toe phalanx

Ovara (1978)
142
1.4
0.7
0.7
8.6
0.7
1.4
6.3
67.6

0.7
18.3
1.4
0.7

Sugiura (1983)

Matheson (1987)

162

Tajima (1997)

330

111

1.2

2.4

Muto (1998)

Sakai (1999)

251

183

Iwamoto (2009)
263

0.3
1.2
5.2

1.6

8.7

3.6
0.6
1.6

1.8

4.0
11.9
2.4

2.7
4.9
4.9

14.1
0.8
8.4

7.2

0.9
1.8
68.5

3.2
0.3
37.8
32.3
5.6
3.6
28.7
0.5

3.3

1.5
0.4
48.3
44.1
4.2
1.1
12.9
2.7
0.8

3.7
1.2
67.3
54.3
13.0

55.7

15.4

25.3
8.8
0.9

2.7
20.7

51.9
42.6
9.3
5.4
25.1

Table 4 Stress fractures in middle and long distance female runners

Age (yr)
Body mass index (kg/m2)
Menstruation status
Estradiol1 (pg/mL)
Bone mineral density (Z score, %)
Lumbar spine
Femoral neck
Stress fracture
Number of fracture
Fracture site

Case 1

Case 2

Case 3

Case 4

19
18.2
Amenorrhea
32

22
17.5
Amenorrhea
36

22
17.7
Amenorrhea
< 20

20
17.7
Amenorrhea
21

72

81

91
102

81
92

4
R. Metatarsus
R. Metatarsus
Bil. Femur

2
Bil. Tibia

3
L. Metatarsus
L. Calcaneus
8th thoracic spine

2
R. Calcaneus
L. Pubic bone

1

< 35 pg/mL in postmenopausal women. R: Right; L: Left; Bil: Bilateral.

serious problem in athletes[12]. Middle and long distance
female runners who suffered from multiple stress fractures had the female athlete triad, suggesting that the risk
of stress fractures was increased in cases with the female
athlete triad. There is a potential link between body mass
index, energy deficit, and hypothalamic dysfunction, and
the pathophysiology underlying low BMD in hypothalamic
amenorrhea is directly related to nutritional issues[20-22].
There may be both a nutritional component affecting formation and an estrogen-related component affecting resorption (uncoupling of bone formation and resorption).
The first aim is to increase energy availability by increasing
energy intake and/or reducing exercise energy expenditure; weight gain and an increase in energy availability
(> 30 kcal/kg of fat-free mass per day) in those young
women are clinical priorities to facilitate resumption of
their menses[20-22]. Adequate amounts of bone-building nutrients such as calcium (1000-1300 mg/d), vitamin D (400800 IU/d), and vitamin K (60-90 µg/d) are also needed to
maintain bone health[20-22]. Leptin administration for relative leptin deficiency in women with hypothalamic amenWJO|www.wjgnet.com

orrhea was reported to improve reproductive, thyroid, and
growth hormone axes and markers of bone formation,
suggesting that leptin, a peripheral signal reflecting the adequacy of energy stores, is required for normal reproductive and neuroendocrine function[23].
Many clinical risk factors of stress fractures have been
identified. In particular, polymorphism of vitamin D receptor (Fokl and Bsml), vitamin D insufficiency, low bone
mass, low body mass index, poor physical fitness/condition,
gender (female), low bone turnover, and amenorrhea were
suggested to be clinical risk factors of stress fractures[4-11].
One athlete in our study who sustained a stress fracture
had vitamin D insufficiency. Hypovitaminosis D may result
from reduced sun exposure and the widespread use of sun
blockers, resulting in less efficient formation of vitamin
D in the skin, as well as from dietary deficiency. Hypovitaminosis D is classified into two categories: vitamin D
deficiency as a severe form, and vitamin D insufficiency as
a mild form[24,25]. According to current recommendations,
serum 25(OH)D concentrations < 30 ng/mL are considered to indicate insufficiency[25], while values < 10 ng/mL
10
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are classified as deficiency[26]. Vitamin D deficiency causes
rickets in children and osteomalacia in adults. Vitamin D
insufficiency can lead to secondary hyperparathyroidism,
bone loss, osteoporosis, and increased risk of fractures[27].
Vitamin D insufficiency is frequently encountered in the
general population and even in elite athletes[28-30].
A lower level of serum 25(OH)D concentration was
found to be a general predisposing factor for stress fractures
in military recruits[5], indicating a relationship between vitamin D insufficiency and the occurrence of stress fractures.
Thus, the need for additional vitamin D in the prevention
of stress fractures was suggested and calcium and vitamin
D supplementation was shown to decrease the incidence
of stress fractures in female recruits[31]. Thus, it is important to evaluate vitamin D status in athletes and military
recruits for the prevention of stress fractures. Generally,
athletes do not meet the US dietary reference intake for
vitamin D, and inadequate endogenous synthesis is the
most probable reason for insufficient/deficient status[32]. It
is imperative that sports dietitians and physicians routinely
assess vitamin D status and make recommendations to help
athletes achieve a serum 25(OH)D concentration of ≥
32 ng/mL and preferably ≥ 40 ng/mL[32].
Vitamin D is now recognized as important for cardiovascular health and its deficiency as a potential risk factor
for several cardiovascular disease processes[33]. A report
on calcium and vitamin D supplementation and coronary
artery calcification in the Women’s Health Initiative suggested that treatment with moderate doses of calcium
plus vitamin D3 did not seem to alter coronary artery calcified plaque burden among postmenopausal women[34]. A
systematic review suggests that vitamin D supplements at
moderate to high doses may reduce cardiovascular disease
risk, whereas calcium supplements seem to have minimal cardiovascular effects[35]. Thus, we have recognized
that calcium and vitamin D supplementation may not be
harmful in athletes with calcium and vitamin D insufficiency/deficiency.
In conclusion, an analysis of stress fractures, based on
experience from our sports medicine clinic, showed that
particular sports were associated with specific stress fracture sites. In addition, some female athletes who sustained
multiple stress fractures also had the female athlete triad.
One athlete who sustained a stress fracture had vitamin D
insufficiency.

medicine clinic was investigated and cases with the female athlete triad [eating
disorder, amenorrhea, and low bone mineral density (BMD)] or vitamin D insufficiency were also included.

Innovations and breakthroughs

Running and jumping activities were the most common sports activities that
resulted in stress fractures in the lower limbs, and stress fractures were commonly seen in the tibia. Particular sports were associated with specific stress
fracture sites. The ulnar olecranon was the most common stress fracture site in
baseball players, and the rib was the most common in rowers. Basketball and
classical ballet athletes predominantly sustained stress fractures of the tibia and
metatarsal bone. Track and field and soccer athletes predominantly sustained
stress fractures of the tibia and pubic bone. Aerobics athletes predominantly
sustained stress fractures of the tibia. Middle and long distance female runners
who sustained multiple stress fractures had the female athlete triad. One athlete who sustained a stress fracture had vitamin D insufficiency.

Applications

Physicians may be able to establish the strategy for prevention and treatment of
stress fractures by understanding the features and etiology of this crucial sports
injury.

Terminology

A stress fracture can be defined as a partial or complete fracture of bone that
results from repeated application of stress lower than that required to fracture the
bone in a single loading situation. The female athlete triad includes eating disorders, functional hypothalamic amenorrhea, and low BMD. Hypovitaminosis D is
classified into two categories: vitamin D deficiency as a severe form, and vitamin
D insufficiency as a mild form. According to current recommendations, serum
25(OH)D concentrations < 30 ng/mL are considered to indicate insufficiency, while
values < 10 ng/mL are classified as deficiency.

Peer review

The authors show the case history of stress fractures in their sport medicine
center; moreover they review the literature about stress fracture causes, risk
factors and nutritional therapy. The study of bone features in young healthy
people presenting bone weakness represents a topical issue.
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conducted in accordance with the above standards, the authors
must explain the rationale for their approach and demonstrate that
the institutional review body explicitly approved the doubtful aspects of the study.
Before submitting, authors should make their study approved by
the relevant research ethics committee or institutional review board.
If human participants were involved, manuscripts must be accompanied by a statement that the experiments were undertaken with the
understanding and appropriate informed consent of each. Any personal item or information will not be published without explicit consents from the involved patients. If experimental animals were used,
the materials and methods (experimental procedures) section must
clearly indicate that appropriate measures were taken to minimize
pain or discomfort, and details of animal care should be provided.

All contributions should be written in English. All articles must be
submitted using word-processing software. All submissions must be
typed in 1.5 line spacing and 12 pt. Book Antiqua with ample margins.
Style should conform to our house format. Required information for
each of the manuscript sections is as follows:
Title page
Title: Title should be less than 12 words.
Running title: A short running title of less than 6 words should be
provided.
Authorship: Authorship credit should be in accordance with the
standard proposed by International Committee of Medical Journal
Editors, based on (1) substantial contributions to conception and
design, acquisition of data, or analysis and interpretation of data; (2)
drafting the article or revising it critically for important intellectual
content; and (3) final approval of the version to be published. Authors should meet conditions 1, 2, and 3.
Institution: Author names should be given first, then the complete name of institution, city, province and postcode. For example, Xu-Chen Zhang, Li-Xin Mei, Department of Pathology,
Chengde Medical College, Chengde 067000, Hebei Province,
China. One author may be represented from two institutions, for
example, George Sgourakis, Department of General, Visceral, and
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DUCTION, MATERIALS AND METHODS, RESULTS and
DISCUSSION, and should include appropriate Figures and Tables.
Data should be presented in the main text or in Figures and Tables,
but not in both. The main text format of these sections, editorial,
topic highlight, case report, letters to the editors, can be found at:
http://www.wjgnet.com/2218-5836/g_info_list.htm.

Author contributions: The format of this section should be: Author
contributions: Wang CL and Liang L contributed equally to this work;
Wang CL, Liang L, Fu JF, Zou CC, Hong F and Wu XM designed
the research; Wang CL, Zou CC, Hong F and Wu XM performed the
research; Xue JZ and Lu JR contributed new reagents/analytic tools;
Wang CL, Liang L and Fu JF analyzed the data; and Wang CL, Liang
L and Fu JF wrote the paper.

Illustrations
Figures should be numbered as 1, 2, 3, etc., and mentioned clearly
in the main text. Provide a brief title for each figure on a separate page. Detailed legends should not be provided under the
figures. This part should be added into the text where the figures
are applicable. Figures should be either Photoshop or Illustrator files (in tiff, eps, jpeg formats) at high-resolution. Examples
can be found at: http://www.wjgnet.com/1007-9327/13/4520.
pdf; http://www.wjgnet.com/1007-9327/13/4554.pdf; http://
www.wjgnet.com/1007-9327/13/4891.pdf; http://www.
wjgnet.com/1007-9327/13/4986.pdf; http://www.wjgnet.
com/1007-9327/13/4498.pdf. Keeping all elements compiled is
necessary in line-art image. Scale bars should be used rather than
magnification factors, with the length of the bar defined in the legend rather than on the bar itself. File names should identify the figure and panel. Avoid layering type directly over shaded or textured
areas. Please use uniform legends for the same subjects. For example: Figure 1 Pathological changes in atrophic gastritis after treatment. A: ...; B: ...; C: ...; D: ...; E: ...; F: ...; G: …etc. It is our principle
to publish high resolution-figures for the printed and E-versions.

Supportive foundations: The complete name and number of sup
portive foundations should be provided, e.g. Supported by National
Natural Science Foundation of China, No. 30224801
Correspondence to: Only one corresponding address should be
provided. Author names should be given first, then author title,
affiliation, the complete name of institution, city, postcode, province,
country, and email. All the letters in the email should be in lower
case. A space interval should be inserted between country name and
email address. For example, Montgomery Bissell, MD, Professor of
Medicine, Chief, Liver Center, Gastroenterology Division, University
of California, Box 0538, San Francisco, CA 94143, United States.
montgomery.bissell@ucsf.edu
Telephone and fax: Telephone and fax should consist of +,
country number, district number and telephone or fax number, e.g.
Telephone: +86-10-59080039 Fax: +86-10-85381893

Tables
Three-line tables should be numbered 1, 2, 3, etc., and mentioned
clearly in the main text. Provide a brief title for each table.
Detailed legends should not be included under tables, but rather
added into the text where applicable. The information should
complement, but not duplicate the text. Use one horizontal line
under the title, a second under column heads, and a third below
the Table, above any footnotes. Vertical and italic lines should be
omitted.

Peer reviewers: All articles received are subject to peer review.
Normally, three experts are invited for each article. Decision for
acceptance is made only when at least two experts recommend
an article for publication. Reviewers for accepted manuscripts are
acknowledged in each manuscript, and reviewers of articles which
were not accepted will be acknowledged at the end of each issue.
To ensure the quality of the articles published in WJO, reviewers
of accepted manuscripts will be announced by publishing the
name, title/position and institution of the reviewer in the footnote
accompanying the printed article. For example, reviewers: Professor
Jing-Yuan Fang, Shanghai Institute of Digestive Disease, Shanghai,
Affiliated Renji Hospital, Medical Faculty, Shanghai Jiaotong
University, Shanghai, China; Professor Xin-Wei Han, Department
of Radiology, The First Affiliated Hospital, Zhengzhou University,
Zhengzhou, Henan Province, China; and Professor Anren Kuang,
Department of Nuclear Medicine, Huaxi Hospital, Sichuan
University, Chengdu, Sichuan Province, China.

Notes in tables and illustrations
Data that are not statistically significant should not be noted. aP <
0.05, bP < 0.01 should be noted (P > 0.05 should not be noted).
If there are other series of P values, cP < 0.05 and dP < 0.01 are
used. A third series of P values can be expressed as eP < 0.05
and fP < 0.01. Other notes in tables or under illustrations should
be expressed as 1F, 2F, 3F; or sometimes as other symbols with a
superscript (Arabic numerals) in the upper left corner. In a multicurve illustration, each curve should be labeled with ●, ○, ■, □, ▲,
△, etc., in a certain sequence.

Abstract
There are unstructured abstracts (no more than 256 words) and
structured abstracts (no more than 480). The specific requirements
for structured abstracts are as follows:
An informative, structured abstracts of no more than 480 words
should accompany each manuscript. Abstracts for original contributions should be structured into the following sections. AIM (no
more than 20 words): Only the purpose should be included. Please
write the aim as the form of “To investigate/study/…”; MATERIALS AND METHODS (no more than 140 words); RESULTS (no
more than 294 words): You should present P values where appropriate and must provide relevant data to illustrate how they were obtained, e.g. 6.92 ± 3.86 vs 3.61 ± 1.67, P < 0.001; CONCLUSION (no
more than 26 words).
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