
Lower Extremity Stress Fractures: General Concepts and Treatment with 
Focal Shock Waves and Radial Pressure Waves

Introduction
Stress fractures are secondary injuries, as a 
result of repetitive loading on the same bone 
segment, as opposed to fractures due to a 
traumatic event or insufficiency fractures. 
This is because stress fractures occur in a 
normal bone subjected to an abnormal 
mechanical  load,  whi le insuf f icienc y 
fractures occur in an abnormal bone (with 
decreased bone mineral density [BMD]) 
subjected to a normal load [1].
They were first described by Breithaupt in 
Prussian soldiers suffering from leg pain in 
the War of 1850, after long and continuous 
treks carrying heavy equipment on their 
shoulders [2, 3].

Epidemiology
This type of fracture accounts for between 
0.7 and 20% of all injuries treated in the 
clinical practice of sports medicine [4]. They 
are generally considered to account for 10% 
of all sports injuries. About 0.8% of high-
performance scholastic athletes will sustain a 
stress fracture at some point in their sporting 
lives [5].
The incidence of stress fractures ranges from 
1% to 20% of patients consulting for the lower 
extremity pain who are subjected to intensive 
physical activity (repetitive mechanical 
impact) at work or in sports [3, 5].
The most affected population groups are 
young people, specifically athletes, military 
personnel, and individuals engaged in the 
practice of dance [96].
They most frequently affect the lower 
extremities [5], which are the most exposed 

to the reaction forces generated by the 
ground after a given impact. In a U.S. Army 
series, lower extremity location accounted for 
40.3% of all stress fractures [7].
Women are at higher risk than men in terms of 
developing these injuries [5, 6]. For example, 
in the U.S. Armed Forces, the 4-year 
cumulative incidence of stress fracture was 
5.7% for male cadets and 19.1% for female 
cadets [6, 8]. The difference in the incidence 
of stress fractures found in the literature, with 
respect to sex, may be explained by certain 
findings in studies that show that women 
have smaller bone structures and less 
muscular strength [5, 6]. In accordance with 
this, they also have a lower BMD compared to 
men [6,  9 ,  10] as  wel l  as  hormonal 
irregularities typical of the menstrual cycle 
[6, 11].
Recent evidence has described a greater 
incidence of stress injuries in younger and 
female dancers [12, 13]. In a systematic 
review by Smith et al., [12] amateur male and 
female dancers sustained 0.99 and 1.09 
injuries for ever y 1000 dance hours, 
respectively, whereas professional male and 
female dancers sustained a total of 1.06 and 
1.46 injuries, respectively, during the same 
period. In professional female dancers, 64% 
of injuries were related to overuse compared 
with 50% in professional males; in amateurs, 
the overuse rate of injury was even higher at 
75% [14].

Etiology and Pathogenesis
Stress fractures are similar to the so-called 
material fatigue failures, which are studied in 
materials engineering, in the sense that they 

are due to a large number of repetitions of a 
mechanical load stimulus, which only 
repeated once or a few times, does not cause 
any structural failure [3].
Insufficiency fracture, osteoporotic or 
pathological, on the other hand, occurs under 
physiological or normal loads applied on a 
bone with decreased bone matrix density.
There are intrinsic and extrinsic risk factors 
that influence the genesis of these injuries. 
Intrinsic factors include: Mechanical factors, 
such as alterations in the anatomical or 
mechanical alignment axis of the lower 
extremities, with the eventual presence of 
varus or valgus deformities, type of podal 
loading (supination loading, which has been 
associated with a higher incidence of stress 
fractures of the fifth metatarsal or in 
association with pes cavus, with a higher rate 
of stress fractures of the femur or in 
pronation, either as flat feet or mixed feet, 
which, in turn, has been related to a higher 
risk of stress fractures of the tibia, fibula, or 
tarsal bones), dorsal or plantar flexion of the 
metatarsals, gastrocnemius with contracture 
or shortening of the triceps suralis as a global 
structure, excessively long second metatarsal, 
etc. [15, 16], and the magnitude or rapidity 
with which a significant level of muscle 
fatigue, muscle imbalances, or states of 
baseline muscle hypotrophy or atrophy are 
reached. General postural alterations also 
constitute an influential element; non-
mechanical factors, such as metabolic status 
(alterations in the cyclicity of sex hormones 
or other hormones that affect the balance 
between bone resorption and formation by 
altering calcium/phosphorus metabolism) 
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[5].
It is very important to highlight that the 
hormonal alterations mentioned are present 
in both sexes; in women, the presence of 
amenorrhea and oligomenorrhea has been 
well described in elite athletes [17] and has 
been related to changes in body composition 
(loss of fat mass). Menstrual alterations cause 
a deficit in estrogenic status resulting in a 
decrease in bone mineral mass and thus 
increasing the risk of fractures. Ovulatory 
disturbances associated with alterations in 
progesterone production and the duration of 
the luteal phase have also been associated 
with bone loss [5, 18]. Female athletes with 
menstrual cycle disturbances are 2–4 times 
more likely to suffer stress fractures than their 
counterparts without disorders [5, 18, 19]. In 
men,  i t  has  been also demonstrated 
abnormally low hormonal states, such as a 
25% decrease in testosterone levels within 2 
days of vigorous activity; it is known that 
testosterone inhibits interleukin-6, a 
cytokine responsible for moderating the 
development of osteoclasts [20, 21].
Another non-mechanical intrinsic factor is 
s y s t e m i c  d i s e a s e s  t h a t  a l t e r  b o n e 
vascularization or conditions of deficient 
bone vascularization as an anatomical 
characteristic of the bone segment as occurs 
in the tibia, talus, or navicular or tarsal 
scaphoid [3, 5, 22].
Among the most common extrinsic factors 
are: The training regime and the level of basic 
physical activity (abrupt increase in the 
duration, intensity or frequency of the 
activity, inadequate rest period between 
stimuli, and not respecting a stage of gradual 
adaptation to the loads in the sporting return 
after a stage without activity), and dietary 
habits (especially, deficient intake of calcium 
and Vitamin D3, low caloric and/or protein 
i n t a k e,  a n d  t h e  h i g h  a n d  s u s t a i n e d 
consumption of alcohol). Other extrinsic 
factors of great importance are inadequate 
p e r s o n a l  e q u i p m e n t  a n d  s p o r t s 

infrastructure, such as a type of footwear that 
does not match the podal load and its null or 
wrong complementarity with insoles or 
orthotics and the type and misuse of the 
surfaces of physical-sports practice: Training 
or competition areas without proper shock 
absorption or abrupt changes in the surface of 
the activ ity (the transition to harder 
surfaces). Changes in sporting gestures also 
play a significant role [1, 6, 21].
Data from a study examining summer 
adolescent dancers also revealed a high 
prevalence for stress-related bone injuries 
with 36 of 239 dancers (15.1%) having a 
previous history of stress fracture(s) [23].
Ethnicity is also considered influential in the 
causation of stress fracture, with the lower 
rates seen in African-American populations 
compared to Caucasian and Asian groups 
[24, 25, 26].
Extending the study of favoring factors and 
based on an analysis of genetic material 
extracted from leukocytes of two cohorts of 
military and elite athletes (Israel and United 
Kingdom), who had suffered stress injuries 
a n d  w i t h  c o n t r o l  g r o u p s  i n c l u d i n g 
individuals who had never presented a 
fracture of this type, it has been possible to 

identify a pair of functional polymorphisms 
w i t h i n  t h e  P 2 X 7 R  g e n e,  w h i c h  a r e 
i n d e p e n d e n t l y  a s s o c i a t e d  w i t h  t h e 
development of stress fractures. This gene is 
characterized by its involvement in osteoclast 
apoptosis and osteoblast activation [27].
A number of genetic factors have been 
studied in dancers [14]. Genetic variants are 
common in ballet dancers, with are reported 
88% prevalence of variants associated with 
connective tissue disorders in a professional 
company, many being collagen genes 
associated with osseous metabolism [28]. 
Research suggests that a family history of 
osteopenia or osteoporosis,  frequent 
fractures, or a combination thereof was 
strong independent predictors for incidental 
stress fractures in young women [29]. A study 
examining elite Korean ballet dancers found 
that a mutation in the gene a-actinin-3 
(ACTN3), which prevents expression of the 
actinin protein, predisposed dancers to over 
4.5•higher risk of sustaining ankle injuries 
[30]. Dancers with the ACTN3 XX genotype 
reported markedly less flexibility compared 
with those with the RX genotype. The 
ACTN3 XX polymorphism was associated 
with low fat-free mass in dancers as well. 
Several genotypes including the estrogen 
receptor, ESR1 rs9340799 A allele, LRP5 
r s 2 5 0 8 8 3 6  C  a l l e l e ,  a n d  L R P 5 
GCGT/GCAG haplotypes have also been 
found to be associated with lower BMD at 
both nonimpact and impact sites in elite and 
pre-elite dancers [31]. Dancers with small 
nucleotide polymorphisms of the Wnt/b-
catenin signaling pathway and those with 
higher levels of circulating sclerostin (SOST 
gene) were also found to have lower BMD, 
irrespective of other risk factors for low BMD 
[14].
The most adequate anatomopathological 
description is to consider these lesions as an 
entity that encompasses a continuous flow, 
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Figure 1: (a and b) Calcaneal stress fracture on T1- and T2-
weighted magnetic resonance imaging. Gentleness Dr. Julio 
Rosales Lecaros.

Figure 2: (a-c) Stress fracture of the distal epiphysis of the tibia, 
where the image of the fracture on the lateral ankle radiograph is 
not distinguishable, as it is on the magnetic resonance imaging. 
Gentleness Dr. Julio Rosales Lecaros.

Figure 3: (a-c) Stress fracture of the cuboid, where the fracture is visible both in radiographs and in magnetic resonance imaging. 
Gentleness Dr. Julio Rosales Lecaros.
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starting with bone marrow edema, followed 
by trabecular fracture and cortical rupture or 
interruption, and ending with complete 
fracture [5]. Repetitive loading will stimulate 
osteoclasts to resorption at a faster rate than 
osteoblasts can form new bone. The normal 
cycle of remodeling takes 3–4 months [32].
Stress fracture, as we have already said, does 
not occur as a consequence of a single trauma, 
but is caused by repetitive or cyclic loads, 
often occurring in runners who suddenly 
increase their training load, with lesional 
compromise of the cortical bone [5, 33]. As a 
mechanical load is applied, the bone deforms 
through its elastic range. If the load exceeds 
the elastic properties of the bone and the 
bone is unable to absorb it, a fracture of the 
bone trabecula (“microcrack”) occurs. The 
accumulation of microcracks results in more 
diffuse damage leading to a fracture itself [5, 
34, 35]. Bone tissue remodels permanently, 
both stochastically and specifically. Bone 
formation and bone resorption increase with 
load (directed remodeling). Microfractures 
appear to increase as the rate of bone repair 
increases [34]. This increase in bone 
m i c ro d a m age  l ead s  to  a p o p to s i s  o f 
osteoc y tes,  w ith production of  pro-
osteoclastic osteocytokines, such as RANKL 
(receptor activator of nuclear factor kappa 
beta), with differentiation of proosteoclasts 
[5, 34].
The porosity caused by increased bone 
resorption weakens and decreases the 
elasticity of the bone until new bone is 
completely formed and mineralized. The 
osteoid matrix has weaker mechanical 
properties than bone itself. Therefore, 
directed bone remodeling may predispose to 
stress fractures [5].

Location
Stress fractures can potentially occur in any 

bone segment [5]. The location depends on 
the type of physical activity. In a U.S. Army 
series, the most frequently injured site was 
the lower extremities, which accounted for 
40.3% of all stress fractures [7]. The location 
also depends on the physical-sports activity, 
in joggers, the tibia (33%), tarsal bones 
(20%), metatarsals (20%), femur (11%), 
fibula (7%), and pelvis (7%) were the most 
common locations of stress fractures [5].
Stress fracture of the pars interarticularis is a 
common injury in young gymnasts and may 
eventually lead to spondylolysis [5, 36]. 
Unusual locations are olecranon [37] in 
gymnasts, hook of the hook [38], thoracic 
spine [39], radial styloid [40], patella [41], 
first rib (more common in baseball pitchers, 
weightlifters, basketball players and dancers) 
[42, 43], and carpal scaphoid [5, 44].
The location is also influenced by the 
mechanics of the sport practiced, thus, 
sprinters, hurdlers, and jumpers have a higher 
incidence of stress fractures in the feet [5, 45], 
while long distance runners have more 
common stress injuries in the pelvis and long 
bones [5, 45]. In addition, the location also 
varies with gender, the tibia is the most 
frequent location of stress fractures in both 
men and women who participate in jumping 
and running sports, but women who practice 
these disciplines present more frequently 
locations in pelvis and metatarsals, while the 
fibula is affected less frequently in these 
activities [5, 45].

Clinical and Imaging
Localized pain is the main symptom of stress 
fractures. Pain of this ty pe, which is 
associated with a sudden increase in physical 
activity or physical activity without adequate 
rest periods, should raise suspicion of a stress 
injury [46]. Symptomatology increases with 
activity and decreases with rest. Local edema 

may follow painful symptomatology [47]. 
Local tenderness was present in 66–100% of 
cases and localized edema in 18–44% of cases 
[48]. The “hop test” is positive when it causes 
intense focalized pain. This test is positive in 
70% of patients with medial tibial stress 
fracture, but also in half of the patients with 
bilateral medial tibial stress syndrome [5, 49, 
50].
Magnetic resonance imaging is the imaging 
test of choice for the diagnosis of stress 
fractures (Figs. 1a and b), according to the 
American College of Radiology [5, 48]. The 
sensitivity of MRI is equal to that of the bone 
scintigram (100%), but with a higher 
specificity (85%) [5, 48].
Radiographs of the affected segment are 
usually normal in the initial stages of the 
lesion (Figs. 2a, b, c), and some minor 
findings can be found from the 3rd week of 
evolution. The initial sensitivity is only 10%, 
increasing only over 30% after the 3rd week of 
evolution (Figs. 3a, b, c) [3, 48].
In the author’s opinion, the bone scintigram 
plays some role in the early diagnosis of an 
asymptomatic stress lesion (“ hidden 
fracture”) coexisting with the one that 
generated the clinical manifestations.
Ultrasound can show findings suggestive of 
stress fracture, such as periosteal elevation, 
hypervascularization, hematoma, and even 
cortical defect, although its sensitivity and 
specificity are not yet known. Its advantage is 
its wide accessibility and low cost and it could 
be considered in the absence of resonance or 
bone scintigraphy [51].

Laboratory Evaluation
In general, laboratory studies do not aid in the 
diagnosis of stress fractures unless they 
become recurrent and more frequent. 
V i t a m i n  D  l e v e l s  w e r e  e v a l u a t e d 
prospectively in a large number of military 

Figure 4: (a and b) An example of a high-risk fracture: Proximal third metatarsal fracture Gentleness Dr. 
Julio Rosales Lecaros.

Figure 5: Extracted: Díaz Rivas, Rubén (2017) Rubén Díaz Rivas. Physical  Biomechanical 
Model of the Fifth Metatarsal. Study of  Tensions by 3D Photoelasticity. Final Degree Project 
/ Final Degree Project, E.T.S.I. Industrial (UPM).
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recruits, and a serum concentration of <20 
ng/mL (50 nmol/L) is associated with a 
higher number of stress fractures than levels 
>20 ng/mL [52]. For recurrent stress 
fractures, additional testing would include 
thyroid-stimulating hormone, parathyroid 
hormone, and a BMD study [53].

Classification of Stress Fractures
Stress fractures can be classified from a 
clinical operative point of view, according to 
their risk of evolution with non-union in the 
face of conservative management in low-, 
medium-, or high-risk fractures [54]. Stress 
fractures of the fibula, lateral malleolus, 
cunei for ms,  d i sta l  second to  four th 
metatarsals, calcaneus, and medial femoral 
neck (inferior and medial border with the 
presence of compression trabeculae) are 
considered low risk. Moderate-risk lesions 
include: The posteromedial tibia, the femoral 
diaphysis, the base of the fifth metatarsal, the 
m e d i a l  m a l l e o l u s  (e x c e p t  f o r  t h e 
configuration as a vertical feature at the 
junction with the tibial pylon and with 
complete cortical disruption, a finding that 
practically requires surgical resolution) [43], 
and the pelvis. The high-risk category 
includes fractures of the femoral head and 
femoral neck at the edge of the tension 
trabeculae (superior and lateral edge), pars 
interarticularis (lumbar spine), anterior 
border of the tibia (anterior tibial cortex), 
patella (the transverse fracture feature has a 
greater chance of displacement than the 
vertical feature) [43], hallux, tarsal bones 
excluding the cuneiforms or wedges 
(navicular in particular), the proximal second 
and third (Figs. 4a and b) metatarsals, and the 
sesamoids (the medial being the most 
frequently affected) [43, 51, 55].
In general terms, high-risk stress fractures are 
loaded in tension and have a poorer natural 
history, whereas fractures that are loaded in 
compression have lower risk [14].
However, one-third of low-risk fractures will 
remain symptomatic after conservative 
treatment, becoming high-risk fractures [54]. 
It may be that, in this group, the early 
indication of shock wave application is the 

treatment of first choice [54].
A special case of high-risk stress fracture, due 
to its treatment implications, is the fracture of 
navicular or tarsal scaphoid fracture.
The treatment of navicular fractures is 
controversial. Navicular stress fractures can 
be treated effectively both surgically and 
conservatively with good clinical outcomes if 
o n e  h a s  a  h i g h  i n d e x  o f  s u s p i c i o n . 
Unfortunately, delays in diagnosis may stall 
p ro p er  t reat m ent  an d  resol u t i o n  o f 
symptoms. Although the literature does not 
favor conservative or surgical treatment, the 
patient is best served when the athletic level 
and fracture pattern is taken into account 
[56].
Based on the coronal computed tomography 
cuts, navicular fractures are classified as 
follows (Table 1) [57].
For fractures with a dorsal cortical break 
fractures, the patient is placed in a non-weight 
bearing cast for 6 weeks. In non-elite athletes 
with a non-displaced Type II fracture, we will 
still offer a non-weight bearing cast. For non-
displaced Type II fractures that have failed 
non-weight bearing or in elite athletes who 
wish to return to sport more quickly, it is 
recommended screw fixation of the navicular 
with two screws, typically placed from lateral 
to medial. For no displaced Type II and III 
fractures or in fractures with cystic or 
sclerotic borders, it is recommend open 
reduction and internal  f i xation w ith 
autogenous bone graft [56].
Fractures of the fifth proximal metatarsal are 
also a topic that deserves to be analyzed in a 
special way. (Fig. 5).
The classification of proximal fractures of the 
fifth metatarsal is as follows (Table 2).
Zone 3 extends distal to the joint of the fifth 
metatarsal with the fourth and is where stress 
fractures occur.
Proximal fifth metatarsal stress fractures are 
potentiated by a cavus alignment, metatarsus 
adductus, and participation in cutting sports. 
Proposed bioetiologies include a vascular 
watershed area between the peroneus brevis 
insertion and the diaphyseal blood supply 
[58, 59]. Torg et al. [60] classified these 

f r a c t u re s  b y  a c u i t y  a n d  r a d i o g r a p h 
characteristics (Table 3).
Pain and swelling are usually localizable, 
while radiographs are generally diagnostic. 
Acute Type I fractures may be treated with a 
6-week period of casting and offloading, but 
s o m e  h a v e  a r g u e d  f o r  i m m e d i a t e 
intramedullary screw fixation to facilitate 
earlier return to sports and decreased 
refracture rates, although definitive evidence 
for these opinions remains lacking [61, 62]. 
P r e d i s p o s i n g  c a v u s  o r  a d d u c t u s 
malalignment may influence any decision for 
ear ly  surger y  and generates  i ts  ow n 
controversy in both athletes and non-athletes 
as to any role for concurrent realignment 
surgery. Type II and III fractures require 
operative repair, although canal obliteration 
may necessitate open plate fixation with bone 
grafting. Cavus realignment should be 
heavily considered in such settings, although 
recovery from its treatment remains difficult 
to justify in any elite athlete [59]

Treatment
In most cases, conservative treatment 
consisting of analgesia, immobilization, 
and/or cessation of the causative activity or 
external triggers, with gradual return to 
activ ity as symptoms permit,  wil l  be 
sufficient. Some authors have suggested the 
possibility that treatment with non-steroidal 
anti-inflammatory drugs (NSAIDs) may 
slow the healing of fatigue fractures and favor 
the development of pseudarthrosis, so that as 
far as possible and until adequate studies are 
available, it is reasonable to limit their use. 
Local cold and analgesics without anti-
inflammatory activity can be used. The use of 
rigid insoles made, for example, of carbon 
fiber, can also be a useful aid in treatment [51, 
63].
Extracorporeal shockwave therapy (ESWT) 
involves the application of focused high-
energy ultrasound shockwaves, which 
promote biological healing processes 
through mechanotransduction. Shockwaves 
are characterized by high peak pressure, low-
tensile amplitude, short rise time, and short 
durat ion.  The posit ive  phase of  the 
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Table 1 :  Saxena classification of navicular fractures.

I.

                 

Dorsal cortex

II.

               

Extension into the body

III.

             

Extension from dorsal to plantar cortex with 

potential avascular , cyst and sclerotic changes.

Table 2:  Anatomical classification of proximal fractures of the  

fifth metatarsal.

·       Zone I (pseudo-Jones fracture): Avulsive fracture of the 

proximal epiphyseal region

·       Zone II (Jones fracture): Fracture of the 

metaphysodiaphyseal junction

·       Zone III: Stress fracture of the proximal diaphysis

Table 2:  Anatomical  classification of proximal fractures of the  

fifth metatarsal.

·

       

Zone I (pseudo-Jones fracture): Avulsive fracture of the 

proximal epiphyseal region

·

       

Zone II (Jones fracture): Fracture of the 

metaphysodiaphyseal junction

·

       

Zone III: Stress fracture of the proximal diaphysis

Table 3: Torg classification of proximal fifth metatarsal stress 

fractures.

Type description

Type I: Acute

Type II: Delayed union with periosteal and intramedullary bone 

formation

Type III: Non-union
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shockwave produces a direct, mechanical 
effect, whereas the negative phase produces a 
cavitation effect in biological tissue [3, 64]. In 
bone, the application of ESWT is thought to 
cause neovascular izat ion,  per iosteal 
stimulation, and osteoinduction. Periosteal 
stimulation contributes to cell migration and 
the development of callus at a bone injury 
site. Osteoinduction involves osteoblast 
differentiation from mesenchymal stem cells 
and inactive cells [64].
Th e  f i r s t  w o r k  w i t h  c o n t ro l  g ro u p, 
randomized, and double blind, which 
reported the usefulness of focal shock waves 
in the treatment of stress fractures, was 
published in 2001 [3] and considered as 
study population 26 naval cadets: 13 under 
treatment and 13 as control group; with 18 
years of average age and presenting stress 
fractures of both tibias, with a similar 
anatomical and imaging pattern among them; 
with no response to conservative treatment 
after 3months.
The analgesic response was evaluated by 
means of a visual analog scale applied at rest, 
before and after sports and local pressure. 
Follow-up was performed for 1year. An 
evaluation at the beginning and at the end of 
the follow-up was verified with radiographs, 
bone scintigram, and nutritional conditions.
Two sessions were applied with 2000 impacts 
each, with an energy density of 0.1–0.27 
MJ/mm2, with an interval of 1week between 
them.
The results  showed that al l  patients 
(including those in the control group) were 
free of symptoms at 1 year of evolution.
All tibiae treated with focal shock waves 
presented a decrease in their pain level earlier 
than the control tibiae, including a first 
analgesic response at 3weeks and this in all 
four instances of pain assessment (rest, 
before, and after physical-sports activity and 
with the local pressure test) [3].
It was concluded that focal shock wave 
therapy significantly reduces pain and 
functional recovery time in athletes with high 
physical requirements and who have been 
complicated with tibial stress fractures [3].
A retrospect ive study in 2009 [65], 
conducted in 10 male patients who practiced 
soccer at a professional or semi-professional 
l e v e l  o f  c o m p e t i t i o n ,  w i t h  d e l ay e d 
consolidation or frank non-union of stress 
fractures: 6 patients with involvement of the 
proximal fifth metatarsal (presence of fine 

radiolucent line, within 1.5 centimeters distal 
to the metatarsal tuberosity) and 4 patients 
with involvement of the tibia.
Three sessions of 4000 impacts each were 
applied every 48 h for fractures of the fifth 
metatarsal and four sessions every 48 h for 
tibial fractures, with an applied energy 
density between 0.09 and 0.17 MJ/mm2 
(patients in the first group were kept in 
unloading for 6 weeks, using a short open 
plaster boot, patients with tibial fractures 
were excluded from any physical sports 
activity involving jumping or running. 
Follow-up was clinical and with radiographs.
The results showed that 100% of the patients 
consolidated under clinical and radiological 
parameters between 2 and 3 months of 
follow-up. The return to full sports activity 
occurred between 3 and 6 months of follow-
up.
In another publication [66], experience was 
presented in five athletes who suffered a 
fracture of the base of the fifth metatarsal that 
could be classified as Jones fracture (location 
of the fracture feature up to 15–20 mm distal 
to the tuberosity); two patients were soccer 
players, two patients were basketball players 
and one was a long jumper. The gender 
distribution was three males and two females, 
with an average age of 19.2 years. Two 
pat ients  had been operated w ith an 
intramedullary screw and three patients had 
undergone conservative management (for 
the author, it is at least striking, the decision 
of conser vative management in these 
patients, considering that currently, the 
management decision in this type of fractures 
is surgical, given the high risk of inherent 
nonunion that they imply as an injury).
Al l  pat ients  presented radiographic, 
ultrasound, and clinical signs of non-union 
after an average follow-up time of 7.4 months.
Three thousand impacts were applied at 0.36 
MJ/mm2 of energy density, focused on the 
site of greatest pain with 1–3 sessions per 
patient.
In 100% of the patients, there was complete 
consolidation, in an average time of 11.2 
weeks (7–16 weeks) and with a return time to 
competitive sports activity of 15.8 weeks 
(11–24 weeks).
The recommendation of  the ISMST 
(In te r n at i o n a l  S o c i e t y  f o r  Me d i c a l 
Schockwaves Treatment) as a treatment 
protocol for stress fractures is as follows: 
A single session of 2000 impacts with an 

energy density of 0.2–0.5 MJ/mm2, under 
sedation.
Followed by a rehabilitation program 
including: Immediate active range of joint 
mobi l i t y  w ithout  mechanical  stress , 
progressive loading, and gradual sport return.
Consolidation should be expected 4–6 weeks 
after the procedure.
In patients with moderate and high-risk stress 
fractures, unloading and immobilization with 
orthopedic boot or plastic cast should be 
performed [67].
Regarding the application of radial pressure 
waves in stress fractures, there is insufficient 
evidence available at present to recommend 
their use in an exhaustive manner [3]. 
However, there is experience in the treatment 
of superficial bone non-unions (carpal and 
tarsal scaphoid, tibia, fibula, medial and 
lateral malleoli, iliac crest, second, and fifth 
metatarsals) with radial pressure waves and 
successful results, which could eventually be 
ex-trapolated to the treatment of stress 
fractures [3, 68].
The author, considering the above, has 
achieved good results (not yet published) in 
the treatment of stress fractures in tarsal and 
metatarsal bones with radial pressure waves, 
mainly in the high-performance sports 
population.

Conclusions
Stress fractures are a widely represented 
pathology in traumatology, sports medicine, 
and rheumatology. Women are the most 
frequently affected gender, most likely due to 
ovulator y alterations associated w ith 
ovulatory deficiency associated with steroid 
hormone def ic ienc y and anatomical 
predisposition. Stress fractures mainly affect 
the lower extremities. Magnetic resonance 
imaging is the “gold standard” in imaging 
standard in imaging diagnosis. Physical 
sports rest and analgesics are the primary 
therapy. Shock waves are a very useful tool for 
the management of refractory conditions or 
for early and preventive treatment in sports 
patients [5]. However, to date, there are no 
randomized control trials that provide Level I 
evidence for extracorporeal shock wave 
therapy (ESWT) in stress bone pathology 
[64, 69].
A multidisciplinar y team approach is 
particularly helpful when managing stress 
injuries, given their multifactorial nature 
[14].
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