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Abstract

Stress fractures of the lower limbs are commonly observed in both military and physically active civilian populations. They represent a breach in the
bones capacity to tolerate repetitively applied mechanical loading such that repair is exceeded by structural damage resulting in localized tenderness and
pain. Prevention of stress fracture should remain the priority however once diagnosed, effective management, born from a thorough understanding of the
pathophysiological inter-actions, is required in order to expedite healing and increase the likelihood of a return to pre injury status. Multi-factorial in causation,
they are considered as the physiological consequence of a dynamic interplay between both extrinsic and intrinsic factors. Although stress fractures usually
heal without complication, restoration of bone integrity is only part of the rehabilitation process. Comprehensive management should include assessment and
consideration of the entire kinetic chain in order to return the injured individual to pre-morbid functional status. However, irrespective, high risk stress fractures
are more likely to result in delayed union and as such require extended periods of reduced weight bearing followed by prolonged therapeutic rehabilitation.
Description of pathophysiology, epidemiology as well as an overview of management perspectives will be considered in this paper.

INTRODUCTION
Table 1: Average return to full weight bearing status both low risk and
Stress fractures are a commonly observed sub-classification high risk of stress fracture.
of overuse musculoskeletal injury (MSKI) and as such have drawn :
specific attention within athletes, ballet dancers and the military Avera_ge retu"_l Gk
. . . . Stress Fracture full weight bearing status
[1-9]. Although, reported in the pelvis, spine and less frequently in (week)
the upper limb, [7,9,10) as much as 80-90% of all stress fractures .
. . S Foot low risk
are observed in the lower limb with incidence rates reported to .
) ) Cuneiform fractures
range from 0.7 to 20% across active populations [7,9-12]. Cuboid fractures
Itis well recognized that the pathogenesis of stress fracture is ) Calcaneal f.ractures 4-6
. . . . Distal second to fifth metatarsals
multifactorial in nature[13-19] however the precise mechanisms e
. . . Foot High risk
are yet to be confirmed and so remain theoretically proposed. Sesamoids
However, the incremental rate of progression in both volume and The talus
intensity of high impact physical activity is a major determinant of Navicular e
these injuries [2,6]. Ultimately, these injuries represent a breach Fifth metatarsal ’
in the bones capacity to tolerate repetitively applied mechanical Lower leg Low risk
loading such that repair is exceeded by damage [1-6]. Fractures of the fibula 2-4
. . Tibial shaft- posteromedial cortex 6-8
Recovery times vary from between 4 weeks to a year, with
. . L . . . Lower leg High risk
the anatomical site of injury considered to influence bone union o >
. . . . . . . Tibial shaft anterior cortex 6-8
[6,7,10]. High risk of non-union is associated with anatomical .
) ) : the medial malleolus
sites where blood supply is relatively less than those well
o Femur Low risk
perfused areas where local blood flow to the fracture site is Femoral neck medial cortex
abundant (Table 1) [6,7,20,21]. Femur shaft 4.8
Stress fractures are considered to require some of the longest
. Femur High risk
recovery times of all MSKI [9,22]. The management pathway to .
. . Femoral neck superior cortex 4-6
return performance orientated professionals such as athletes or
military personnel to pre-injury levels is reported to range from Pubic low risk
three weeks to several months [2,7,9-10,22]. Requiring lengthy Ramus 712
and careful management, these injuries have significant impact sacrum
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on the individual, employer, coach and team and therefore have
drawn considerable attention in the academic and clinical press.

Specifically within military populations these injuries are
associated with significant morbidity, attrition, failure to complete
training, failure to return to pre-injury level activity as well as
increased likelihood of re-injury [2,9]. Days lost to work due to
reduced duties impacts upon the numbers of deployable assets
available to Commanders whilst the burdens on the medical chain
along with associated financial implications are well recognised.
Consequently, the impact on organizational effectiveness is
far reaching both for military training establishments as well
as for the wider military community. As potentially career and
therefore life changing injuries they represent psychological
and socio-economic challenges which are considered to have a
negative impact on public health and to represent a strain on
organizational efficiency [91,22].

The Professional, legal and moral responsibility to investigate
causation, management and mitigation of these costly injuries
is the property of both organisation and individual clinician.
The purpose of this review is to present an overview of the
pathogenesis, epidemiology and provide a brief overview of
management perspectives.

Pathophysiology

The precise pathophysiological mechanisms involved with
the development of stress fractures are not fully understood.
Consequently, theoretical descriptions are proposed in the
literature. Although schools of thought may differ when
discussing the detailed physiological actions, the pragmatic
application of science describes a breach of tissue homeostasis
where structural capacity to withstand load is exceeded, where
rate of repair is overcome by damage and where pain limits
function.

Repetitive loading is considered to result in bone deformation
the degree of which is described as bone strain. A conceptual
and therefore unit less value it has been described in terms of
micro-strain with arbitrary values offered to describe theoretical
threshold values [1,6,11,22]. Ultimately, increase load is
associated with increase strain which increasingly challenges
the musculoskeletal system to disseminate the repetitive
ground reaction forces through the kinetic chain. The ability
for the musculoskeletal system to cope with the applied load is
dependent upon the complex interplay of numerous internal and
external factors all of which vary between individuals.

A basic understanding of the architecture, physiology and
metabolism of bone is fundamental to an appreciation of the
patho-physiology of stress fractures [23,24]. The mis-match
between tissue tolerance and a externally applied load result
from an imbalance in the interaction between bone remodeling
(osteoblastogenesis and osteoclastogenesis activity) [22,25] and
identifiable risk factors [27,28]. Basic illustrative microscopic
structure of the bone is presented in Figure 1. At the microscopic
level bone is described in two forms, woven and lamellar bone.
Woven bone is immature, characterised by arandomly orientated
matrix of collagen. Conversely, lamellar bone is mature in that it
presents with an organized stress-oriented collagen profile, the
mechanical properties of which are subject to change depending

on the direction, magnitude, frequency of the applied force
[23,25].

Lamellar bone is subdivided into cortical and cancellous or
trabecular bone. The former is described as a densely composed
network of bone cells or osteons collectively referred to as the
Haversian system. It is within the embedded Haversian canals,
illustrated in Figure 1, that the neurovascular support network
is contained and distributed to the bone. Unlike the slowly
regenerating cortical bone, cancellous bone, is less dense (30 to
90 % porous) and as such has a fast turnover rate and is commonly
found in the metaphysis while the slower regenerating cortical
bone is found in the diaphysis of long bones [23,25].

Bone is constantly metabolising or replacing as a result
of a balanced sequence of bone osteoclastogenesis and
osteoblastogenesis [25]. Osteoclasts are the cells primarily
responsible for osteoclastogenesis, and osteoblasts for
osteoblastogenesis. Bone synthesis is regulated through
the complex hormonal interactions [29] primarily between;
Parathyroid hormone (PTH), calcitonin, growth hormone,
thyroid hormone, oestrogen, and testosterone [30,25]. Others
hormones which regulate both calcium and bone metabolism
are endogenous and exogenous steroids, including vitamin
D and glucocorticoids [30]. Bone structural formation is the
consequences of osteoblastogenesis (e.g, PTH, vitamin D)
promotion and osteoclastogenesis (e.g., calcitonin, oestrogen)
inhibition. The inverse relationship is such that bone break-down
typically suppresses osteoblastogenesis [25] whilst the resultant
structural damage serves as a natural phenomenon to dissipate
energy thereby preventing fracture and serving as a target for
remodeling [1,2,5,21].

According to Wolff's law, bone remodeling is a positive
structural adaptation in response to applied mechanical
loading where the magnitude, rate and total volume of loading
maintains balanced osteoblastic and osteoclastic activity or bone
metabolism. The amount of newly laid bone is proportionate to
the amount of applied stress [6].

The preservation of “skeletal mechanical competence”
requires a balance between local micro-damage formation and
efficient remodeling through osteoclastic removal of damaged
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Figure 1 Basic structure of bone and Haversian system [25].
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tissue [5]. Tissue homeostasis is maintained where remodeling
occurs as quickly as damage occurs-otherwise known as positive
adaptation. Positive bone adaptation will result in an increased
capacity of the bone to tolerate greater subsequent strain and
load such that the threshold for future micro-damage is raised. An
appreciation of this is fundamental to progressive axial loading
and the design of both rehabilitative and performance orientated
exercise programs.

The exact mechanism is unknown, however two main
theories are proposed across the literature. These are the
piezoelectric charge theory and the Hueter-Volkmann law. The
Piezoelectric theory suggests that tensile-sided strain produces
electropositive forces that stimulate local osteoclastogenesis
while compressive forces stimulate electronegative forces
and osteoblastogeneis [5,22,30]. As a response to repeated
mechanical stress the remodeling of bone results in an increase
in volume on the compressed aspect [23]. However, the
decreased bone mass on the tensile strained aspect may be as
a result of a slower rate of remodeling and therefore perhaps
renders the bone more susceptible to delayed union, non-union
or re-fracture which may be of clinical consequence in terms of
stress fracture classification, management and prevention [22].
The Hueter-Volkmann law describes a process of osteocalstic
tunneling in which bone remodeling occurs in small packets of
cells, where reabsorption is followed by neuro-vascularisation
and the subsequent laying down of new osteoids [30].

The term “Stress fracture” is a descriptive reference for
a range of overuse bone injuries which includes bone strain,
stress reaction, and stress fracture (Figure 2) [2,13,22,31]. These
injuries are considered to fall along a continuum ranging from
bone strain to complete fracture. Stress responses are associated
with increased bone turnover as observed with periosteal and
marrow oedema whereas stress fractures result in structural
fault lines observable on imaging [1]. The underlying cause of
stress fracture is the inability of the remodeling process to sustain
the physiological stress applied through repetitive mechanical
loading [22,25] and is often associated with a relatively sudden
increase in either or both intensity and duration of external
loading [6]. Equally, if there is insufficient time between loading
cycles for the newly replaced bone to adapt to a mechanical
stimulus then further micro-damage may result [1,5].

The stress fracture represents a point in the continuum where
a stress response to applied load starts as “silent micro-damage”
(Figure 2). Insufficient healing of the micro-trauma develops into
fatigue failure at a specific point which if not suitably managed
progresses to create structural “cracking” in the bone [22,24].
Ground reaction forces (GRF) through the axial skeleton increase
with both speed and load and are greatest through the peripheral
joints of the lower limb.

Unsurprisingly, stress fractures occur most commonly in the
lower limb, a consequence of repetitive high impact activities
such as jogging, running or hopping [6-11]. Notably, 2-3 times
bodyweight is accepted at the ankle/foot during walking,
increasing to 4-6 times during jogging and as much as 8-12 times
depending upon the speed and gait during running [2,32-34].

During these activities the musculoskeletal system is
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Figure 2 Modified simple model for the continuum propagation of stress
fracture [6,13,22].

presented with the challenge of efficiently disseminating the GRF
in such a way that osteoblastic activity is neither suppressed nor
exceeded by osteoclastic activity. Whilst it is recognised that the
neuro-muscular system has a critical role in the dissemination
of GRF a sudden increase in repetitive high impact loading with
or without insufficient rest between loading cycles will overcome
the structural tolerance of the bone and create an environment
conducive to the development of an adverse stress response.
Under these circumstances the physiological trigger is pulled
on the pathological continuum. Large volumes of high impact
physical activity is a characteristic of both Military and sporting
populations which in turn is reflected in the incidence rates
within these groups [7,9].

As mentioned above, the neuro-muscular system also
considered to play a key role in the pathophysiology of stress
fractures [22,23,25]. It has been suggested that co-ordinated
sequential muscle action may protect bone through recruitment
and relaxation producing compression and lengthening activity
that in turn may counteract the joint reaction forces resulting in
reduced net shear stresses at the bone. It has been postulated
that reduced absolute lower leg muscle strength and/or strength
imbalances may increase the risk of stress fracture [23,35,24].
The potential protective contribution of the neuro-muscular
system is likely to diminish with fatigue as well as during the
execution of new exercises when muscle recruitment and
firing may be less than optimal. Compromised neuro-muscular
contribution is therefore associated with rapid increases in the
volume of training, insufficient recovery between activity and
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the undertaking of new physical tasks where the individual is
yet to adapt to the physical requirements. These challenges to
the neuro-muscular system have been identified in military
training environments as well as during arduous selection tests
or during competitive athletic training [18]. This may in part
explain the vulnerability to bony stress injury in military recruits
or similarly in athletes found over training or in those learning a
new sport or skill. Progressive introduction of exercise intensity,
volume, frequency and type as well as gait education is therefore
fundamental to avoiding such injuries [2,9,34]. Although, not
specifically addressed in this paper, the maturing adolescent
musculoskeletal system in is particularly vulnerable to overload
or over use training injuries of this nature.

Development of Stress fracture has also been attributed
to oxidation deprivation, a bi-product of repeated mechanical
compressive load [36] which leads to transient ischemia [37]
in the weight-bearing bones. Ischemia, as a secondary effect
of compressive axial loading is thought to stimulate the bone
remodeling process, specifically by increasing osteoclastogenesis
[21]. However, excessive compressive loading is thought to
enhance osteoclastogenesis such that the bone is weakened and
susceptible to stress response and ultimate fracture. This theory
may in part explain the observation that a rapid and sustained
increase in prolonged high impact lower limb activity renders
individuals susceptible to increased risk of stress fracture
[3,8,22]. In addition to the conditioning of the neuro-muscular
system further factors identified in the literature considered to
influence bone’s response to load include the direction of the
applied force, bone geometry, bone micro architecture as well as
bone density [3,22].

Epidemiology

Although, the methods of calculating incidence varies
between countries it is clear from the widely reported evidence
that there is a higher incidence of stress fracture in females than
in males [25]. In a mixed American cadets population 19.1 % of
females presented with stress fractures compared to 5.7 % of
males from the same cohort [26]. Knapik et al. [38], observed
increased stress fracture incidence in female US military recruits
(79.9/1,000) compared to males (19.3/1,000) whilst stress
fracture incidence observed in the Israeli military highlighted
a higher rate in females (23.9 %) compared to that in males
(11.2 %). The total incidence rate of stress fractures in Finnish
conscripts was described as 311/100,000 person- years (95 %
Cl: 277-345) with a female to male bone stress injury ratio of
9:2 [4]. A Review paper by John et al. [39], reported cumulative
incidence during initial military training ranging from 0.85 to
6.9% for males and 3.4% to 21.0% for female recruits. Another
study by Gam [40] found a female: male stress fracture relative
ratio of 2.13 with an 11.2% incidence in males and 23.91% in
females of the Israeli Defence Forces.

A prevalence of stress fractures in females has also been
documented within the athletic population, most notably
within long distance runners [42]. Notably, a prospective study
in competitive cross-country and track runners found a higher
incidence of these injuries in females (5.4%) as compared to their
male counter parts (4.0%) [43].

Fracture location

Lower limb stress fractures are prevalent in physically active
populations, accounting for up to 90% of all stress fractures and
represents up to 20% of all sports related injury [41].

Most commonly presenting within the lower limb, a
prevalence of these injuries has been reported in the tibia 23.6%
[10], 25% [44], 71% [45] and 1.3% [2,9], the metatarsals (10-
20%), tarsal navicular (17.6%), femur (6.65%) and pelvis (1.6%)
[41,43].There also appears to be a difference in the distribution
of stress fracture location with higher rates observed in females
at the sacrum (female: male ratio = 51.1) [4], pelvis (22%), and
femur (20%) [44].

Risk factors

Riskfactorcanbroadlybesub-classifiedasintrinsicorextrinsic.
Studies have identified low aerobic fitness [28,44], reduced
tibial cross sectional area, low (trabecular and cortical) BMD as
well as reduced cortical area of the posterior tibia as potential
predisposing factors of fracture. In addition, smoking, previous
stress fracture and adverse biomechanics are also recognised
as significant contributory risk factors [15,14,19,22,25,28,46].
Similarly, both genetics and ethnicity are also considered
influential in the causation of stress fracture, with lower rates
seen in African-American populations compared to Caucasian
and Asian groups [22,47]. Menstrual irregularity especially late-
onset menarche appears to be a risk factor [11,22,26] whilst
oestrogen functions contribute to increased bone mass by
inhibiting osteoclastogenesis [46] some studies have shown that
female athletes who are amenorrheicor oligomenorrheicare at
increased risk of stress fracture [11,12,31,44, 48].

Nutritional factors or eating disorders which compromise
nutritional intake are considered contributory to the
pathophysiology of bone stress injury [22]. Calcium is a mineral
building block while vitamin D contributes to both calcium
homeostasis and optimises bone turnover and fundamental
components of bone metabolism and contributes to favourable
bone mineral density. Interestingly, Merkel et al. [7], found that
female military recruits who have low iron anaemia are at an
increased risk of developing stress fracture.

Extrinsic risk factors include the type of loading as well
as the manner and environment in which it is applied. Abrupt
increases in the volume, intensity and frequency of high impact
physical activities such as running, jogging or hopping have been
identified as presenting significant risk [3,6-8,11]. Conducting
these forms of impact activity on hard or undulating surfaces as
well as over ascending or descending gradients also represents
increased risk. Inadequate or inappropriate recovery periods
prevent micro cellular adaptation or maturation of newly
replaced bone therefore rendering the cortex susceptible to
injury [22]. Likewise muscular fatigue from excessive or pro-
longed bouts of axial loading leaves the neuro-muscular system
vulnerable to delayed or compromised muscle action such that
the postulated protective mechanisms, such as the prevention
of sheer forces through the tibia, are of less benefit. The altered
action of fatigued muscles is likely to contribute to altered lower
limb biomechanics and compromised lower limb dynamic
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control thereby contributing to compromised mechanical
efficiency and ability to disseminate GRF. Consequently, sleep
deprivation has also been highlighted as potentially contributory
to these potentially avoidable injuries [2,6,49]. Irrespective of
fatigue levels lower limb gait pattern and cadence has also been
suggested to play arole [9,22,28,32-34].The position, control and
timing of foot contact in context to ankle, knee, hip and pelvic
mechanics also warrants consideration.

Management of stress fracture

Although, it is not possible to prevent all injuries the
management of choice for stress fractures should always be
prevention. Prevention strategies may include the development
of a screening tool based upon recognition and modification of
confirmed risk factors [2]. Effective action may include targeted
health promotion strategies including smoking cessation,
provision of advice on appropriate dietary intake, avoidance of
overtraining as well as the progressive introduction of carefully
selected exercise and gait education [10,12,19,22,28].

A multi-factorial approach has been found to be the most
effective strategy to the prevention and management of these
injuries. This can be considered in four complementary domains.
These are; the initial screening of musculoskeletal and health
behaviors with subsequent modification of identifiable risk
factors, progressive preventative rehabilitation conditioning
exercises, complementary pharmacological support and
potentially surgical intervention [50]. Essentially the aim of
management should be preventative but once injury has been
sustained the focus must be on the prevention of further damage,
the promotion of optimal healing and the progressive restoration
of function [9].

Nutrition

There is conflicting evidence to suggest that high level of
calcium (1,500-2000 mg) and vitamin D supplementation (800-
1000 IU) may prevent or even contribute to the prevention
of stress fractures [51,52]. A randomised study by Lappe et
al. [53-59], reported a 20% reduction in incidence following
supplementation of 2,000mg elemental calcium in US female
military recruits. However, despite these encouraging findings
the literature offers conflicting evidence regarding dietary intake
and development of stress fracture [22,31].

Pharmacological

Fracture healing and endochondral bone formation is
understood to be regulated by bone morphologenic proteins as
well as a fibroblast growth factor 2 [60-62] whilst parathyroid
hormone, parathyroid hormone -related protein, Wnt proteins
and Wnt signalling antagonists are also understood hold active
roles in the regulation of bone formation [63-65]. Einhorn et al.
[66], described both the timing and effect of pharmacological
management on fracture healing. Specifically, parathyroid
hormone and anti-sclerostin drugs have been used to accelerate
fracture healing through facilitating callus growth, bone mass and
mineral content which in turn contributes to increased stiffness
and tensile strength. Similarly, bone morphogenetic protein has
been used during the inflammatory phase to enhance coupled
remodeling thereby again increasing both size and stiffness of

the callus. It is further postulated that these factors have positive
influence on the regulation and interaction between different
cell and tissue types during the skeletal healing process [66].
Although the pathophysiological mechanisms within the healing
process remain unclear, bisphosphonates have also been used in
the treatment of stress fractures [67]. Controversially, the lack of
food and drug administration approval may be in part due to a
suspected association with abnormal long-term bone deposition
[68]. Therefore, further study is required before these drugs are
utilised in the treatment of stress fracture.

Electrotherapy

Although controversial it has been proposed that the
therapeutic application of electrotherapy may enhance fracture
healing [69]. Management strategies incorporating the use of
electromagnetic fields and low-intensity pulsed ultrasonography
have been associated with up to an 80% success rate in the
resolution of non-united fractures [70,71]. The analysis of
results from in vitro studies has indicated that this may be
due to the positive stimulation of protein synthesis in human
fibroblasts [72] whilst notably in animal trial slow-intensity
pulsed ultrasound has been reported to stimulate fracture
healing [73,74]. In addition following randomized, double-blind,
controlled clinical trial low intensity therapeutic ultra sound
was found to accelerate the normal repair process for fractures
of both the tibia and radius [75]. However, the quality of studies
in this area is questionable and the findings are considered
contradictory. Consequently, meaningful improvements in the
stress fracture healing process have yet to be attributed to the
application of low-intensity pulsed ultrasound [66-77].

Rehabilitation

Timelines for the return to full weight bearing status vary
according to the site and severity (high or low risk) of the
fracture (Table 1). The majority of these injuries are successfully
managed conservatively [6,7,9.10] however, in order to optimise
the management and outcome of the rehabilitation process it
is imperative that clinicians have a sound appreciation of the
healing process. Essentially, stress fracture healing processes
are comparable with those observed in skeletal tissue repair
[66] where catabolic follows anabolic activity. Anabolic activity
involves increases in tissue volume whilst adjacent to the
fracture line; vascular tissue along with cartilaginous callus will
form. At the edges of the new cartilage, the periosteum swells and
primary bone formation is initiated. Simultaneously, cartilage is
generated and cells that go on to form the nascent blood vessels
are recruited and differentiate within the surrounding muscles
heath before supplying the new bone [78,79]. The cartilaginous
extracellular matrix undergoes mineralization and the anabolic
phase of fracture repair terminates with chondrocyte apoptosis
[80,81]. Then the catabolic activities predominate and are
characterized by a reduction in the volume of callus tissues
and cartilage reabsorption whilst specific anabolic processes
continue. Secondary bone formation is initiated as the cartilage
is reabsorbed and primary angiogenesis continues as the
nascent bone tissues replace the cartilage. Subsequently, when
bone remodeling begins, the first mineralized matrix produced
during primary bone formation is reabsorbed by osteoclasts
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before the secondary bone, laid down during the period of
cartilage reabsorption, is then also reabsorbed. The prolonged
reabsorption of callus is characterized by coupled cycles of
osteoblast and osteoclast activity in which the callus tissues
are remodeled to the bone’s original cortical structure. During
this period, the marrow space is re-established and the original
structure of haematopoietic tissue and bone is regenerated.
In the final period of the catabolic phase, vascular remodeling
takes place where the increased vascular bed regresses and the
high rate of vascular flow returns to its pre-injury level [82,83].
Although these processes take place consecutively, they overlap
so as to create a continuum of changing cell populations and
signaling processes within the regenerating tissue. The three
major biological events of fracture healing are inflammation,
endochondral bone formation and coupled remodeling [66].
An appreciation of these physiological processes underpins the
design of an effective stress fracture management protocol.

Initial treatment is characterised by management of pain,
relative rest and optimal loading in respect to the severity of
symptoms, classification and site of the fracture. Mild analgesics
as opposed to non-steroidal anti-inflammatory are preferred
in the first forty-eight hours. The anti-inflammatory action,
by definition will inhibit the initial and key phase of healing
thereby ultimately delaying the process and recovery timeline
[84]. Notably, Magnusson et al. [85], reported increases in bone
mineral density of up to 19% on the site of injury following
effective pain management. This observation furthers supports
the importance and benefit of appropriate pain modification
through the appropriate management of medication and rest.
Relative rest and protection of the fracture site is therefore
fundamental whilst offloading through ambulation modification
is most commonly achieved using crutches. Optimal restoration
of bone metabolism through activity modification, offloading the
damaged body part and maintaining an unbroken sleep pattern is
also an important in the initial stages [2,9,49].

Conditioned skeletal muscle, through its structure and
function, can reduce the magnitude of the load delivered to the
axial skeleton, thereby acting as an anatomical shock absorber
[22,28,86,87]. Therefore muscular strength and conditioning
is vital and may progressively be developed through a variety
of therapist led modalities [2,22,34]. Graduated progressive
axial loading of the injured limb to stimulate or support the
pathophysiological processes of bone healing must be achieved
without aggravating the injury and therefore requires careful
clinical judgement as well as close communication between
therapist and patient. Protected weight bearing activity can
includeaqua therapy, use of an antigravity treadmill and the
progression from cycling through to walking, jogging and
eventually running at the end stage [6,10]. Optimal rehabilitation
will include consideration of the entire musculo-skeletal
system as opposed to focusing purely on the symptomatic
fracture site. An appreciation of the inter-connected articular,
muscular and neuro-physiological elements of the kinetic chain
is fundamental to facilitation of healing, prevention of re-injury,
restoration of function and attainment of optimal performance.
Consequently, all patients who develop stress fractures of the
lower limb should undertake at least a six week progressive
neuro-muscular strengthening programme targeting the muscle

groups surrounding the joints both above and below the site of
fracture [2,10,22]. Warden et al. [86], found that a “moderate
exercise programme” (3 days /week for 5 consecutive weeks)
induced advantageous adaptation to bone structure and resulted
in a >100 fold increase in fatigue resistance thereby reducing the
risk of subsequent stress related injury. This finding supports not
only consideration as the basis of a rehabilitation programme
but further highlights the protective benefits of graded physical
activity on non-injured individuals. Once daily ambulation is
pain free, progressive neuro-muscular strength and conditioning
should commence in the vertical plane which in turn will
facilitate the subsequent introduction of graded axial weight
bearing activities. A number of both clinical and laboratory trials
have been conducted specifically to identify strategies designed
to maximize the effect of exercise on osteoblastic activity with the
osteogenic index a recognised biological phenomena designed
to predict the outcome of an exercise protocol on bone mass.
Prolonged exercise was found to have less effect on mechanically
induced bone formation whilst in contrast short periods (5 days/
weekx2) of impact activity had a positive contribution on the
“normalising” of bone’s sensitivity thereby enhancing tolerance
to loading [88]. Although, there is no clear consensus on how
much load are stimulating of bone formation and accelerates
healing process [88,89] it is agreed that appropriately selected
progressive physical exercise can have a positive impact on the
development of bone health both in the injured and uninjured
populations. Progressive appropriate tissue loading is therefore
considered sentinel to successful rehabilitation. The practical
application of the “Tissue Homeostasis Model” where, as
proposed by Dye [90], individuals work within their “envelope
of function”, is recommended by the authors as an effective
approach to the management of bony stress injuries.

This paper does not provide detailed content on
rehabilitation protocols, but rather identifies areas considered
as key constituents of a rehabilitation programme. Rehabilitation
of these injuries should also include assessment of muscular
strength endurance training, aerobic fitness, proximal and distal
control of the kinetic chain, balance and proprioception training,
flexibility, lower limb biomechanics as well as gait education
[2,6,9,22,34,87].

Controlled progressive loading complemented by the
measured development of these areas is considered to have
positive effect on the stimulation of osteoblastic activity (Wolf’s
law). In turn this will have positive influence on the development
of bone density, size, shape and ultimately mechanical strength.
Restoration of both neuromuscular control and functional (static
and dynamic) stability provide the basis from which occupational
orientated training goals may then be made [89].

Surgical

Although most stress fractures heal without complication,
some high risk stress fractures (Table 1), are more likely to
result in delayed union, non-union or complete fracture and as
such require extended periods of reduced weight bearing [10,54]
and potentially surgical intervention [55] followed by prolonged
therapeutic rehabilitation [91]. The site and extent of stability
provided by surgical fixation along with the length of time of
reduced mobilization will also affect the patterns of skeletogenic
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stem cell differentiation into either chondrocytes or osteoblasts.
Extensive cartilage tissue formation has been associated with a
less secure fixation whilst increased development of bone tissue
is in part attributed to a more secure fixation and therefore the
provision of greater stability [56].

Interestingly, when fractures are not stably fixed,
angiogenesis is initially increased [57,58] with excessive inter-
fragmentary instability impeding cartilage replacement, and
subsequent diminishing angiogenesis thereby compromises
the new bone from bridging the fracture gap [59]. Therefore,
an optimal ‘window’ of inter-fragmentary motion seems to be
needed to enable normal callus to develop and stably bridge a
fracture. The tissue source of these cells and their ability to be
recruited are dependent on the extent of injury and the stability
of the fracture union [7,9,10].

CONCLUSION

Stress fracture, the physiological consequence of a mismatch
between applied load and tissue tolerance present far reaching
implications for the patient, coach, sports team, military
organisation and clinician alike. Irrespective of severity they
require extended periods of carefully considered rehabilitation
in order to return individuals back to pre-injured status and
potentially to reduce the risk of future re-injury. Consequently,
there is a need to gain a thorough understanding of these injuries.
This paper serves to offer a review of the pathophysiological
mechanisms at play as well as to discuss the merits of specific
interventions and consider themes of best practice management

AUTHORS’ CONTRIBUTIONS:

JS and RH conceived the study, drafted and critically review
the manuscript and both authors read and approval final version
of the manuscript.

REFERENCES

1. Warden SJ], Burr DB, Brukner PD. Stress fractures: pathophysiology,
epidemiology, and risk factors. Curr Osteoporos Rep. 2006; 4: 103-
109.

2. Sharma J. The development and evaluation of a management plan
for musculoskeletal injuries in British Army recruits: A series of
exploratory trials on medial tibia stress syndrome. PhD Thesis,
Teesside University, 2013.

3. McCormick F, Nwachukwu BU, Provencher MT. Stress fractures in
runners. Clin Sports Med. 2012; 31: 291-306.

4. Mattila VM, Niva M, Kiuru M, Pihlajamaki H. Risk factors for bone
stress injuries: a follow-up study of 102,515 person-years. Med Sci
Sports Exerc. 2007; 39: 1061-1066.

5. Warden SJ, Hurst JA, Sanders MS, Turner CH, Burr DB, Li J. Bone
adaptation to a mechanical loading program significantly increases
skeletal fatigue resistance. ] Bone Miner Res. 2005; 20: 809-816.

6. Pegrum ], Crisp T, Padhiar N. Diagnosis and management of bone
stress injuries of the lower limb in athletes. BMJ. 2012; 344: e2511.

7. Jacobs JM, Cameron KL, Bojescul JA. Lower extremity stress fractures
in the military. Clin Sports Med. 2014; 33: 591-613.

8. Goldberg B, Pecora C. Stress Fractures. Phys Sportsmed. 1994; 22: 68-
78.

9. Sharma ], Greeves JP, Byers M, Bennett AN, Spears IR. Musculoskeletal

injuries in British Army recruits: a prospective study of diagnosis-
specific incidence and rehabilitation times. BMC Musculoskelet
Disord. 2015; 16: 106.

10.Kahanov L, Eberman LE, Games KE, Wasik M. Diagnosis, treatment,
and rehabilitation of stress fractures in the lower extremity in
runners. Open Access ] Sports Med. 2015; 6: 87-95.

11.Bennell K, Matheson G, Meeuwisse W, Brukner P. Risk factors for
stress fractures. Sports Med. 1999; 28: 91-122.

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

13.Iundusi R, Scialdoni A, Arduini M, Battisti D, Piperno A, Gasbarra E,
et al. Stress fractures in the elderly: different pathogenetic features
compared with young patients. Aging Clin Exp Res. 2013; 25: 89-91.

14.Schnackenburg KE, Macdonald HM, Ferber R, Wiley JP, Boyd SK. Bone
quality and muscle strength in female athletes with lower limb stress
fractures. Med Sci Sports Exerc. 2011; 43: 2110-2119.

15.Franklyn M, Oakes B. Tibial stress injuries: aetiology, classification,
biomechanics and the failure of bone. An International Perspective on
Topics in Sports Medicine and Sports Injury. 2012; 509-534.

16.Popp KL, Hughes JM, Smock A], Novotny SA, Stovitz SD, Koehler SM, et
al. Bone geometry, strength, and muscle size in runners with a history
of stress fracture .Med Sci Sports Exerc. 2009; 41: 2145-2150.

17.Matheson GO, Clement DB, McKenzie DC, Taunton JE, Lloyd-Smith DR,
Maclntyre JG. Stress fractures in athletes. A study of 320 cases. Am ]
Sports Med. 1987; 15: 46-58.

18.Stanitski CL, McMaster JH, Scranton PE. On the nature of stress
fractures. Am ] Sports Med. 1978; 6: 391-396.

19.Winfield AC, Moore ], Bracker M, Johnson CW. Risk factors associated
with stress reactions in female Marines. Mil Med. 1997; 162: 698-702.

20.0tter MW, Qin YX, Rubin CT, McLeod K]. Does bone perfusion/
reperfusion initiate bone remodeling and the stress fracture
syndrome? Med Hypotheses. 1999; 53: 363-368.

21.Romani WA, Gieck JH, Perrin DH, Saliba EN, Kahler DM. Mechanisms
and management of stress fractures in physically active persons. ] Athl
Train. 2002; 37: 306-314.

22.Bennell K, Matheson G, Meeuwisse W, Brukner P. Risk factors for
stress fractures. Sports Med. 1999; 28: 91-122.

23.Kaplan FS, Hayes WC, Keaveny TM, Boskey A, Einhorn TA, lannotti JP.
Form and function of bone. In: Simon SR, editor. Orthopaedic basic
science. Rosemont, IL: American Academy of Orthopaedic Surgeons;
1994.

24.Nalla RK, Kinney JH, Ritchie RO. Mechanistic fracture criteria for the
failure of human cortical bone. Nat Mater. 2003; 2: 164-168.

25.Wasserstein D, Spindler KP. Pathophysiology and epidemiology of
stress fractures. 2015.

26.Cosman F, Ruffing ], Zion M, Uhorchak ], Ralston S, Tendy S, et al.
Determinants of stress fracture risk in United States Military Academy
cadets. Bone. 2013; 55: 359-366.

27.Franklyn M1, Oakes B, Field B, Wells P, Morgan D. Section modulus is
the optimum geometric predictor for stress fractures and medial tibial
stress syndrome in both male and female athletes Am ] Sports Med.
2008; 36: 1179-1189.

28.Sharma J, Golby ], Greeves ], Spears IR. Biomechanical and lifestyle
risk factors for medial tibia stress syndrome in army recruits: a
prospective study. Gait Posture. 2011; 33: 361-365.

J Fract Sprains 1(1): 1006 (2017)

7/9


http://www.ncbi.nlm.nih.gov/pubmed/16907999
http://www.ncbi.nlm.nih.gov/pubmed/16907999
http://www.ncbi.nlm.nih.gov/pubmed/16907999
http://tees.openrepository.com/tees/handle/10149/312900
http://tees.openrepository.com/tees/handle/10149/312900
http://tees.openrepository.com/tees/handle/10149/312900
http://tees.openrepository.com/tees/handle/10149/312900
http://www.ncbi.nlm.nih.gov/pubmed/22341018
http://www.ncbi.nlm.nih.gov/pubmed/22341018
http://www.ncbi.nlm.nih.gov/pubmed/17596772
http://www.ncbi.nlm.nih.gov/pubmed/17596772
http://www.ncbi.nlm.nih.gov/pubmed/17596772
https://www.ncbi.nlm.nih.gov/pubmed/15824854
https://www.ncbi.nlm.nih.gov/pubmed/15824854
https://www.ncbi.nlm.nih.gov/pubmed/15824854
http://www.ncbi.nlm.nih.gov/pubmed/22532009
http://www.ncbi.nlm.nih.gov/pubmed/22532009
http://www.ncbi.nlm.nih.gov/pubmed/25280611
http://www.ncbi.nlm.nih.gov/pubmed/25280611
http://www.ncbi.nlm.nih.gov/pubmed/27425235
http://www.ncbi.nlm.nih.gov/pubmed/27425235
https://www.ncbi.nlm.nih.gov/pubmed/25935751
https://www.ncbi.nlm.nih.gov/pubmed/25935751
https://www.ncbi.nlm.nih.gov/pubmed/25935751
https://www.ncbi.nlm.nih.gov/pubmed/25935751
http://www.ncbi.nlm.nih.gov/pubmed/25848327
http://www.ncbi.nlm.nih.gov/pubmed/25848327
http://www.ncbi.nlm.nih.gov/pubmed/25848327
https://www.ncbi.nlm.nih.gov/pubmed/10492029
https://www.ncbi.nlm.nih.gov/pubmed/10492029
http://www.ncbi.nlm.nih.gov/pubmed/8947404
http://www.ncbi.nlm.nih.gov/pubmed/8947404
http://www.ncbi.nlm.nih.gov/pubmed/8947404
https://www.ncbi.nlm.nih.gov/pubmed/24046032
https://www.ncbi.nlm.nih.gov/pubmed/24046032
https://www.ncbi.nlm.nih.gov/pubmed/24046032
http://www.ncbi.nlm.nih.gov/pubmed/21552163
http://www.ncbi.nlm.nih.gov/pubmed/21552163
http://www.ncbi.nlm.nih.gov/pubmed/21552163
https://www.intechopen.com/books/an-international-perspective-on-topics-in-sports-medicine-and-sports-injury/tibial-stress-injuries-aetiology-classification-biomechanics-and-the-failure-of-bone
https://www.intechopen.com/books/an-international-perspective-on-topics-in-sports-medicine-and-sports-injury/tibial-stress-injuries-aetiology-classification-biomechanics-and-the-failure-of-bone
https://www.intechopen.com/books/an-international-perspective-on-topics-in-sports-medicine-and-sports-injury/tibial-stress-injuries-aetiology-classification-biomechanics-and-the-failure-of-bone
https://www.ncbi.nlm.nih.gov/pubmed/19915505
https://www.ncbi.nlm.nih.gov/pubmed/19915505
https://www.ncbi.nlm.nih.gov/pubmed/19915505
http://www.ncbi.nlm.nih.gov/pubmed/3812860
http://www.ncbi.nlm.nih.gov/pubmed/3812860
http://www.ncbi.nlm.nih.gov/pubmed/3812860
http://www.ncbi.nlm.nih.gov/pubmed/736201
http://www.ncbi.nlm.nih.gov/pubmed/736201
http://www.ncbi.nlm.nih.gov/pubmed/9339087
http://www.ncbi.nlm.nih.gov/pubmed/9339087
http://www.ncbi.nlm.nih.gov/pubmed/10616033
http://www.ncbi.nlm.nih.gov/pubmed/10616033
http://www.ncbi.nlm.nih.gov/pubmed/10616033
http://www.ncbi.nlm.nih.gov/pubmed/16558676
http://www.ncbi.nlm.nih.gov/pubmed/16558676
http://www.ncbi.nlm.nih.gov/pubmed/16558676
http://www.ncbi.nlm.nih.gov/pubmed/10492029
http://www.ncbi.nlm.nih.gov/pubmed/10492029
http://www.ncbi.nlm.nih.gov/pubmed/12612673
http://www.ncbi.nlm.nih.gov/pubmed/12612673
https://link.springer.com/chapter/10.1007%2F978-3-319-09238-6_1
https://link.springer.com/chapter/10.1007%2F978-3-319-09238-6_1
http://www.ncbi.nlm.nih.gov/pubmed/23624291
http://www.ncbi.nlm.nih.gov/pubmed/23624291
http://www.ncbi.nlm.nih.gov/pubmed/23624291
https://www.ncbi.nlm.nih.gov/pubmed/18490475
https://www.ncbi.nlm.nih.gov/pubmed/18490475
https://www.ncbi.nlm.nih.gov/pubmed/18490475
https://www.ncbi.nlm.nih.gov/pubmed/18490475
http://www.ncbi.nlm.nih.gov/pubmed/21247766
http://www.ncbi.nlm.nih.gov/pubmed/21247766
http://www.ncbi.nlm.nih.gov/pubmed/21247766

Sharma et al. (2017)
Email: Jagannath.sharma706@mod.uk
Jagannath.sharmal 3@gmail.com

@SCil\/ledCentrai

29.Einhorn TA, Gerstenfeld LC. Fracture healing: mechanisms and
interventions. Nat Rev Rheumatol. 2015; 11: 45-54.

30.Ke HZ, Richards WG, Li X, Ominsky MS. Sclerostin and Dickkopf-1 as
therapeutic targets in bone diseases. Endocr Rev. 2012; 33: 747-783.

31.Myburgh KH, Hutchins ], Fataar AB, Hough SF, Noakes TD. Low bone
density is an etiologic factor for stress fractures in athletes. Ann Intern
Med. 1990; 113: 754-759.

32.Haris PA, Schache AG, Crossley KM, Wrigley TV, Creaby MW. Sagittal
plane bending moments acting on the lower leg during running. Gait
Posture. 2010; 31: 218-222.

33.Crossley K, Bennell K, Wrigley T, Oakes BW. Ground reaction forces,
bone characteristics, and tibial stress fracture in male runners. Med
Sci Sports Exerc. 1999; 31: 1088-1093.

34.Sharma ], Weston M, Batterham AM, Spears IR. Gait retraining and
incidence of medial tibial stress syndrome in army recruits. Med Sci
Sports Exerc. 2014; 46: 1684-1692.

35.Sasimontonkul S, Bay BK, Pavol M]. Bone contact forces on the distal
tibia during the stance phase of running. ] Biomech. 2007; 40: 3503-
3509.

36.Piekarski K, Munro M. Transport mechanism operating between
blood supply and osteocytes in long bones. Nature. 1977; 269: 80-82.

37.Simpson PJ, Lucchesi BR. Free radicals and myocardial ischemia and
reperfusion injury. ] Lab Clin Med. 1987; 110: 13-30.

38.Knapik ], Montain S], McGraw S, Grier T, Ely M, Jones BH. Stress
fracture risk factors in basic combat training. Int ] Sports Med. 2012;
33:940-946.

39.Jones BH, Thacker SB, Gilchrist ], Kimsey CD Jr, Sosin DM. Prevention of
lower extremity stress fractures in athletes and soldiers: a systematic
review. Epidemiol Rev. 2002; 24: 228-247.

40.Gam A, Goldstein L, Karmon Y, Mintser I, Grotto I, Guri A, et al.
Comparison of stress fractures of male and female recruits during
basic training in the Israeli anti-aircraft forces. Mil Med. 2005; 170:
710-712.

41.Chen YT, Tenforde AS, Fredericson M. Update on stress fractures in
female athletes: epidemiology, treatment, and prevention. Curr Rev
Musculoskelet Med. 2013; 6: 173-181.

42.Brunet ME, Cook SD, Brinker MR, Dickinson JA. A survey of running
injuries in 1505 competitive and recreational runners. ] Sports Med
Phys Fitness. 1990; 30: 307-315.

43.Tenforde AS, Sayres LC, McCurdy ML, Sainani KL, Fredericson M.
Identifying sex-specific risk factors for stress fractures in adolescent
runners. Med Sci Sports Exerc. 2013; 45: 1843-1851.

44.Shaffer RA, Rauh M], Brodine SK, Trone DW, Macera CA. Predictors
of stress fracture susceptibility in young female recruits. Am ] Sports
Med. 2006; 34: 108-115.

45.Greaney RB, Gerber FH, Laughlin RL, Kmet JP, Metz CD, Kilcheski TS,
et al. Distribution and natural history of stress fractures in U.S. Marine
recruits. Radiology. 1983; 146: 339-346.

46.Frost HM. A new direction for osteoporosis research: a review and
proposal. Bone. 1991; 12: 429-437.

47.Vaitkevicius H, Witt R, Maasdam M, Walters K, Gould M, Mackenzie
S, et al. Ethnic differences in titratable acid excretion and bone
mineralization. Med Sci Sports Exerc. 2002; 34: 295-302.

48.Rauh M]J, Macera CA, Trone DW, Shaffer RA, Brodine SK. Epidemiology
of stress fracture and lower-extremity overuse injury in female
recruits. Med Sci Sports Exerc. 2006; 38: 1571-1577.

49.Hughes JM, Smith MA, Henning PC, Scofield DE, Spiering BA, Staab
JS, et al. Bone formation is suppressed with multi-stressor military
training. Eur ] Appl Physiol. 2014; 114: 2251-2259.

50.Akesson K, Woolf AD. How to develop strategies for improving
musculoskeletal health. Best Pract Res Clin Rheumatol. 2007; 21: 5-25.

51.Chung M, Balk EM, Brendel M, Ip S, Lau ], Lee ], et al. Vitamin D and
calcium: a systematic review of health outcomes. Evid Rep Technol
Assess (Full Rep). 2009; 183: 1-420.

52.Nieves JW, Melsop K, Curtis M, Kelsey JL, Bachrach LK, Greendale G, et
al. Nutritional factors that influence change in bone density and stress
fracture risk among young female cross-country runners. PMR. 2010;
2:740-750.

53.Lappe ], Cullen D, Haynatzki G, Recker R, Ahlf R, Thompson K. Calcium
and vitamin d supplementation decreases incidence of stress fractures
in female navy recruits. ] Bone Miner Res. 2008; 23: 741-749.

54.Harrast MA, Colonno D. Stress fractures in runners. Clin Sports Med.
2010; 29: 399-416.

55.Snyder RA, Koester MC, Dunn WR. Epidemiology of stress fractures.
Clin Sports Med. 2006; 25: 37-52.

56.Morgan EF, Palomares KTS, Gleason RE, Bellin DL, Chien KB,
Unnikrishnan GU, et al. Correlations between Local Strains and Tissue
Phenotypes in an Experimental Model of Skeletal Healing. ] Biomech.
2010; 43: 2418-2424.

57.0lerud S, Stromberg L. Intramedullary reaming and nailing: its early
effects on cortical bone vascularization. Orthopedics. 1986; 9: 1204-
1208.

58.Wallace AL, Draper ER, Strachan RK, McCarthy ID, Hughes SP. The
vascular response to fracture micromovement. Clin Orthop Relat Res.
1994; 301: 281-290.

59.Claes L, Eckert-Hiibner K, Augat P. The effect of mechanical stability
on local vascularization and tissue differentiation in callus healing. ]
Orthop Res. 2002; 20: 1099-1105.

60.Khosla S, Westendorf ]]J, Oursler MJ]. Building bone to reverse
osteoporosis and repair fractures. J Clin Invest. 2008; 118: 421-428.

61.DuX, XieY, Xian CJ, Chen L. Role of FGFs/FGFRs in skeletal development
and bone regeneration. ] Cell Physiol. 2012; 227: 3731-43.

62.Fei Y, Gronowicz G, Hurley MM. Fibroblast growth factor-2, bone
homeostasis and fracture repair. Curr Pharm Des. 2013; 19: 3354-
3363.

63.Barnes GL, Kakar S, Vora S, Morgan EF, Gerstenfeld LC, Einhorn TA.
Stimulation of fracture-healing with systemic intermittent parathyroid
hormone treatment. ] Bone Joint Surg Am. 2008; 90: 120-127.

64.]grgensen NR, Schwarz P. Effects of anti-osteoporosis medications on
fracture healing. Curr Osteoporos Rep. 2011; 9: 149-155.

65.Virk MS, Alaee F, Tang H, Ominsky MS, Ke HZ, Lieberman JR. Systemic
administration of sclerostin antibody enhances bone repair in a
critical-sized femoral defect in a rat model. ] Bone Joint Surg Am. 2013;
95: 694-701.

66.Einhorn TA, Gerstenfeld LC. Fracture healing: mechanisms and
interventions. Nat Rev Rheumatol. 2015; 11: 45-54.

67.Rettig AC, Shelbourne KD, McCarroll JR, Bisesi M, Watts J. The natural
history and treatment of delayed union stress fractures of the anterior
cortex of the tibia. Am ] Sports Med. 1988; 16: 250-255.

68.Chen YT, Tenforde AS, Fredericson M. Update on stress fractures in
female athletes: epidemiology, treatment, and prevention. Curr Rev
Musculoskelet Med. 2013; 6: 173-181.

J Fract Sprains 1(1): 1006 (2017)

8/9


http://www.ncbi.nlm.nih.gov/pubmed/25266456
http://www.ncbi.nlm.nih.gov/pubmed/25266456
http://www.ncbi.nlm.nih.gov/pubmed/22723594
http://www.ncbi.nlm.nih.gov/pubmed/22723594
http://www.ncbi.nlm.nih.gov/pubmed/1978620
http://www.ncbi.nlm.nih.gov/pubmed/1978620
http://www.ncbi.nlm.nih.gov/pubmed/1978620
https://www.ncbi.nlm.nih.gov/pubmed/19926481
https://www.ncbi.nlm.nih.gov/pubmed/19926481
https://www.ncbi.nlm.nih.gov/pubmed/19926481
https://www.ncbi.nlm.nih.gov/pubmed/10449008
https://www.ncbi.nlm.nih.gov/pubmed/10449008
https://www.ncbi.nlm.nih.gov/pubmed/10449008
http://www.ncbi.nlm.nih.gov/pubmed/24500537
http://www.ncbi.nlm.nih.gov/pubmed/24500537
http://www.ncbi.nlm.nih.gov/pubmed/24500537
http://www.ncbi.nlm.nih.gov/pubmed/17662295
http://www.ncbi.nlm.nih.gov/pubmed/17662295
http://www.ncbi.nlm.nih.gov/pubmed/17662295
http://www.ncbi.nlm.nih.gov/pubmed/895891
http://www.ncbi.nlm.nih.gov/pubmed/895891
http://www.ncbi.nlm.nih.gov/pubmed/3298506
http://www.ncbi.nlm.nih.gov/pubmed/3298506
http://www.ncbi.nlm.nih.gov/pubmed/22821178
http://www.ncbi.nlm.nih.gov/pubmed/22821178
http://www.ncbi.nlm.nih.gov/pubmed/22821178
http://www.ncbi.nlm.nih.gov/pubmed/12762095
http://www.ncbi.nlm.nih.gov/pubmed/12762095
http://www.ncbi.nlm.nih.gov/pubmed/12762095
http://www.ncbi.nlm.nih.gov/pubmed/16173215
http://www.ncbi.nlm.nih.gov/pubmed/16173215
http://www.ncbi.nlm.nih.gov/pubmed/16173215
http://www.ncbi.nlm.nih.gov/pubmed/16173215
https://www.ncbi.nlm.nih.gov/pubmed/23536179
https://www.ncbi.nlm.nih.gov/pubmed/23536179
https://www.ncbi.nlm.nih.gov/pubmed/23536179
http://www.ncbi.nlm.nih.gov/pubmed/2266763
http://www.ncbi.nlm.nih.gov/pubmed/2266763
http://www.ncbi.nlm.nih.gov/pubmed/2266763
http://www.ncbi.nlm.nih.gov/pubmed/23584402
http://www.ncbi.nlm.nih.gov/pubmed/23584402
http://www.ncbi.nlm.nih.gov/pubmed/23584402
http://www.ncbi.nlm.nih.gov/pubmed/16170040
http://www.ncbi.nlm.nih.gov/pubmed/16170040
http://www.ncbi.nlm.nih.gov/pubmed/16170040
http://www.ncbi.nlm.nih.gov/pubmed/6217486
http://www.ncbi.nlm.nih.gov/pubmed/6217486
http://www.ncbi.nlm.nih.gov/pubmed/6217486
http://www.ncbi.nlm.nih.gov/pubmed/1797058
http://www.ncbi.nlm.nih.gov/pubmed/1797058
http://www.ncbi.nlm.nih.gov/pubmed/11828240
http://www.ncbi.nlm.nih.gov/pubmed/11828240
http://www.ncbi.nlm.nih.gov/pubmed/11828240
http://www.ncbi.nlm.nih.gov/pubmed/25027064
http://www.ncbi.nlm.nih.gov/pubmed/25027064
http://www.ncbi.nlm.nih.gov/pubmed/25027064
http://www.ncbi.nlm.nih.gov/pubmed/17350541
http://www.ncbi.nlm.nih.gov/pubmed/17350541
http://www.ncbi.nlm.nih.gov/pubmed/20629479
http://www.ncbi.nlm.nih.gov/pubmed/20629479
http://www.ncbi.nlm.nih.gov/pubmed/20629479
https://www.ncbi.nlm.nih.gov/pubmed/20709302
https://www.ncbi.nlm.nih.gov/pubmed/20709302
https://www.ncbi.nlm.nih.gov/pubmed/20709302
https://www.ncbi.nlm.nih.gov/pubmed/20709302
http://www.ncbi.nlm.nih.gov/pubmed/18433305
http://www.ncbi.nlm.nih.gov/pubmed/18433305
http://www.ncbi.nlm.nih.gov/pubmed/18433305
http://www.ncbi.nlm.nih.gov/pubmed/20610029
http://www.ncbi.nlm.nih.gov/pubmed/20610029
http://www.ncbi.nlm.nih.gov/pubmed/16324972
http://www.ncbi.nlm.nih.gov/pubmed/16324972
https://www.ncbi.nlm.nih.gov/pubmed/20546756
https://www.ncbi.nlm.nih.gov/pubmed/20546756
https://www.ncbi.nlm.nih.gov/pubmed/20546756
https://www.ncbi.nlm.nih.gov/pubmed/20546756
https://www.ncbi.nlm.nih.gov/pubmed/3763490
https://www.ncbi.nlm.nih.gov/pubmed/3763490
https://www.ncbi.nlm.nih.gov/pubmed/3763490
http://www.ncbi.nlm.nih.gov/pubmed/8156689
http://www.ncbi.nlm.nih.gov/pubmed/8156689
http://www.ncbi.nlm.nih.gov/pubmed/8156689
http://www.ncbi.nlm.nih.gov/pubmed/12382978
http://www.ncbi.nlm.nih.gov/pubmed/12382978
http://www.ncbi.nlm.nih.gov/pubmed/12382978
http://www.ncbi.nlm.nih.gov/pubmed/18246192
http://www.ncbi.nlm.nih.gov/pubmed/18246192
http://www.ncbi.nlm.nih.gov/pubmed/22378383
http://www.ncbi.nlm.nih.gov/pubmed/22378383
http://www.ncbi.nlm.nih.gov/pubmed/23432676
http://www.ncbi.nlm.nih.gov/pubmed/23432676
http://www.ncbi.nlm.nih.gov/pubmed/23432676
http://www.ncbi.nlm.nih.gov/pubmed/18292366
http://www.ncbi.nlm.nih.gov/pubmed/18292366
http://www.ncbi.nlm.nih.gov/pubmed/18292366
http://www.ncbi.nlm.nih.gov/pubmed/21698357
http://www.ncbi.nlm.nih.gov/pubmed/21698357
http://www.ncbi.nlm.nih.gov/pubmed/23595067
http://www.ncbi.nlm.nih.gov/pubmed/23595067
http://www.ncbi.nlm.nih.gov/pubmed/23595067
http://www.ncbi.nlm.nih.gov/pubmed/23595067
http://www.ncbi.nlm.nih.gov/pubmed/25266456
http://www.ncbi.nlm.nih.gov/pubmed/25266456
http://www.ncbi.nlm.nih.gov/pubmed/3381982
http://www.ncbi.nlm.nih.gov/pubmed/3381982
http://www.ncbi.nlm.nih.gov/pubmed/3381982
http://www.ncbi.nlm.nih.gov/pubmed/23536179
http://www.ncbi.nlm.nih.gov/pubmed/23536179
http://www.ncbi.nlm.nih.gov/pubmed/23536179

Sharma et al. (2017)
Email: Jagannath.sharma706@mod.uk
Jagannath.sharmal 3@gmail.com

@SCiMCdCentrai

69.Scott G, King JB. A prospective, double-blind trial of electrical
capacitive coupling in the treatment of non-union of long bones. ]
Bone Joint Surg Am. 1994; 76: 820-826.

70.Heckman ]D, Ryaby JP, McCabe ], Frey JJ, Kilcoyne RF. Acceleration
of tibial fracture-healing by non-invasive, low-intensity pulsed
ultrasound. ] Bone Joint Surg Am. 1994; 76: 26-34.

71.Sharrard W]. A double-blind trial of pulsed electromagnetic fields for
delayed union of tibial fractures. ] Bone Joint Surg Br. 1990; 72: 347-
355.

72.Busse ] W, Kaur ], Mollon B, Bhandari M, Tornetta P, Schiinemann
HJ, Guyatt GH. Low intensity pulsed ultrasonography for fractures:
systematic review of randomized controlled trials. BMJ. 2009; 338:
351-360.

73.Wang SJ, Lewallen DG, Bolander ME, Chao EY, Ilstrup DM, Greenleaf
JF. Low intensity ultrasound treatment increases strength in a rat
femoral fracture model. ] Orthop Res. 1994; 12: 40-47.

74.Yang KH, Parvizi ], Wang S], Lewallen DG, Kinnick RR, Greenleaf JF,
et al. Exposure to low-intensity ultrasound increases aggrecan gene
expression in a rat femur fracture model. ] Orthop Res. 1996; 14: 802-
809.

75.Kristiansen TK, Ryaby JP, McCabe ], Frey ]]J, Roe LR. Accelerated
healing of distal radial fractures with the use of specific, low intensity
ultrasound: a multicenter, prospective, randomised, double-blind,
placebo-controlled study. ] Bone Joint Surg Am. 1997; 79: 961-973.

76.Wright ]G, Einhorn TA, Heckman ]JD. Grades of recommendation. ]
Bone Joint Surg Am. 2005; 87: 1909-1910.

77.Mollon B, da Silva V, Busse JW, Einhorn TA, Bhandari M. Electrical
stimulation for long-bone fracture-healing: a meta-analysis of
randomized controlled trials. ] Bone Joint Surg Am. 2008; 90: 2322-
2330.

78.Hausman MR, Schaffler MB, Majeska R]. Prevention of fracture healing
in rats by an inhibitor of angiogenesis. Bone. 2001; 29: 560-564.

79.Kurdy NM, Weiss ]B, Bate A. Endothelial stimulating angiogenic factor
in early fracture healing. Injury. 1996; 27: 143-145.

80.Lee FY, Choi YW, Behrens FF, DeFouw DO, Einhorn TA. Programmed

Cite this article

removal of chondrocytes during endochondral fracture healing. ]
Orthop Res. 1998; 16: 144-150.

81.Gerstenfeld LC, Cho TJ, Kon T, Aizawa T, Tsay A, Fitch ], et al. Impaired
fracture healing in the absence of TNF-alpha signaling: the role of
TNF-alpha in endochondral cartilage resorption. ] Bone Miner Res.
2003; 18: 1584-1592.

82.Holstein JH, Karabin-Kehl B, Scheuer C, Garcia P, Histing T, Meier C,
et al. Endostatin inhibits Callus remodeling during fracture healing in
mice. ] Orthop Res. 2013; 31: 1579-1584.

83.Melnyk M, Henke T, Claes L, Augat P. Revascularisation during fracture
healing with soft tissue injury. Arch Orthop Trauma Surg. 2008; 128:
1159-1165.

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

85.Magnusson HI, Ahlborg HG, Karlsson C, Nyquist F, Karlsson MK.
Low regional tibial bone density in athletes with medial tibial stress
syndrome normalizes after recovery from symptoms. Am ] Sports
Med. 2003; 31: 596-600.

86.Warden SJ, Fuchs RK, Turner CH. Steps for targeting exercise towards
the skeleton to increase bone strength. Eura Medicophys. 2004; 40:
223-232.

87.Chuter VH, Janse de Jonge XA. Proximal and distal contributions to
lower extremity injury: a review of the literature. Gait Posture. 2012;
36: 7-15.

88.Fucus RK, Williams DP, Snow CM. Response of growing bones to a
jumping protocol of reduced repetitions: A randomised control trial. ]
Bone Miner Res. 2001; 16: 203.

89.Turner CH, Robling AG. Designing exercise regimens to increase bone
strength. Exerc Sport Sci Rev. 2003; 31: 45-50.

90.Dye SF. The knee as a biologic transmission with an envelope of
function: a theory. Clin Orthop Relat Res. 1996; 325: 10-8.

91.Heagerty R, Sharma ], Clayton ], Goodwin N. Retrospective analysis
of four-year injury data from the Infantry Training Centre, Catterick.
JRAMC. 2017.

Sharma J, Heagerty R (2017) Stress Fracture: A Review of the Pathophysiology, Epidemiology and Management Options. J Fract Sprains 1(1): 1006.

J Fract Sprains 1(1): 1006 (2017)

9/9


https://www.ncbi.nlm.nih.gov/pubmed/8200888
https://www.ncbi.nlm.nih.gov/pubmed/8200888
https://www.ncbi.nlm.nih.gov/pubmed/8200888
http://www.ncbi.nlm.nih.gov/pubmed/8288661
http://www.ncbi.nlm.nih.gov/pubmed/8288661
http://www.ncbi.nlm.nih.gov/pubmed/8288661
http://www.ncbi.nlm.nih.gov/pubmed/2187877
http://www.ncbi.nlm.nih.gov/pubmed/2187877
http://www.ncbi.nlm.nih.gov/pubmed/2187877
http://www.bmj.com/content/338/bmj.b351
http://www.bmj.com/content/338/bmj.b351
http://www.bmj.com/content/338/bmj.b351
http://www.bmj.com/content/338/bmj.b351
https://www.ncbi.nlm.nih.gov/pubmed/8113941
https://www.ncbi.nlm.nih.gov/pubmed/8113941
https://www.ncbi.nlm.nih.gov/pubmed/8113941
http://www.ncbi.nlm.nih.gov/pubmed/8893775
http://www.ncbi.nlm.nih.gov/pubmed/8893775
http://www.ncbi.nlm.nih.gov/pubmed/8893775
http://www.ncbi.nlm.nih.gov/pubmed/8893775
https://www.ncbi.nlm.nih.gov/pubmed/9234872
https://www.ncbi.nlm.nih.gov/pubmed/9234872
https://www.ncbi.nlm.nih.gov/pubmed/9234872
https://www.ncbi.nlm.nih.gov/pubmed/9234872
http://www.ncbi.nlm.nih.gov/pubmed/16140803
http://www.ncbi.nlm.nih.gov/pubmed/16140803
http://www.ncbi.nlm.nih.gov/pubmed/18978400
http://www.ncbi.nlm.nih.gov/pubmed/18978400
http://www.ncbi.nlm.nih.gov/pubmed/18978400
http://www.ncbi.nlm.nih.gov/pubmed/18978400
http://www.ncbi.nlm.nih.gov/pubmed/11728927
http://www.ncbi.nlm.nih.gov/pubmed/11728927
https://www.ncbi.nlm.nih.gov/pubmed/8730391
https://www.ncbi.nlm.nih.gov/pubmed/8730391
http://www.ncbi.nlm.nih.gov/pubmed/9565087
http://www.ncbi.nlm.nih.gov/pubmed/9565087
http://www.ncbi.nlm.nih.gov/pubmed/9565087
http://www.ncbi.nlm.nih.gov/pubmed/12968667
http://www.ncbi.nlm.nih.gov/pubmed/12968667
http://www.ncbi.nlm.nih.gov/pubmed/12968667
http://www.ncbi.nlm.nih.gov/pubmed/12968667
http://www.ncbi.nlm.nih.gov/pubmed/23720153
http://www.ncbi.nlm.nih.gov/pubmed/23720153
http://www.ncbi.nlm.nih.gov/pubmed/23720153
http://www.ncbi.nlm.nih.gov/pubmed/18094982
http://www.ncbi.nlm.nih.gov/pubmed/18094982
http://www.ncbi.nlm.nih.gov/pubmed/18094982
http://www.ncbi.nlm.nih.gov/pubmed/14623664
http://www.ncbi.nlm.nih.gov/pubmed/14623664
http://www.ncbi.nlm.nih.gov/pubmed/14623664
http://www.ncbi.nlm.nih.gov/pubmed/12860551
http://www.ncbi.nlm.nih.gov/pubmed/12860551
http://www.ncbi.nlm.nih.gov/pubmed/12860551
http://www.ncbi.nlm.nih.gov/pubmed/12860551
http://www.ncbi.nlm.nih.gov/pubmed/16172590
http://www.ncbi.nlm.nih.gov/pubmed/16172590
http://www.ncbi.nlm.nih.gov/pubmed/16172590
http://www.ncbi.nlm.nih.gov/pubmed/22440758
http://www.ncbi.nlm.nih.gov/pubmed/22440758
http://www.ncbi.nlm.nih.gov/pubmed/22440758
http://www.ncbi.nlm.nih.gov/pubmed/12562170
http://www.ncbi.nlm.nih.gov/pubmed/12562170
http://www.ncbi.nlm.nih.gov/pubmed/8998861
http://www.ncbi.nlm.nih.gov/pubmed/8998861

	Stress Fracture: A Review of the Pathophysiology, Epidemiology and Management Options
	Abstract
	Introduction
	Pathophysiology 
	Epidemiology
	Fracture location 
	Risk factors 
	Management of stress fracture  
	Nutrition
	Pharmacological
	Electrotherapy
	Rehabilitation
	Surgical

	Conclusion
	References
	Table 1
	Figure 1
	Figure 2

