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Abstract
BACKGROUND 
Individuals’ interest in sports activities has been increasing, contributing to more 
stress fracture occurrences in uncommon locations on the skeleton. In this study, 
several cases of stress fractures in atypical locations are presented, and the 
possibility of combining diagnostic methods to make accurate and quick 
diagnoses is explored. Additionally, different causes of stress fractures, as well as 
various modalities of treatment, are highlighted. Other potential factors of stress 
fractures were identified by a literature review.

CASE SUMMARY 
Six cases of stress fractures in the calcaneus, intermediate cuneiform bone, 
sacrum, tibia (bilateral), navicular bone and femoral neck are presented, with 
different types of diagnostic imaging and treatments. All of the cases were 
associated with an aspect of mobility because all of the patients were physically 
active in various sport disciplines.

CONCLUSION 
The type of therapeutic procedure selected should depend on the specific clinical 
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Core Tip: The cause of stress fracture is multifactorial and difficult to diagnose, 
particularly when it occurs in uncommon locations. This case report demonstrates the 
different possible locations and causes of stress fractures, as well as the various methods 
used to diagnose and treat these fractures. Here we show that the cause of stress fractures, 
except for well-known factors, may also lie in motor skill development. It also highlights 
that treatments should be individualized according to each patient’s clinical condition.
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INTRODUCTION
Individuals’ interest in recreational and professional sport activities has been 
increasing, contributing to the occurrence of increasingly more stress fractures, as well 
as fractures at atypical locations on the skeleton, which are often difficult to diagnose. 
Patient-reported symptoms that result directly from the occurrence of fatigue-type 
fractures require a comprehensive diagnostic approach when they appear in less 
frequently encountered locations[1,2]. The locations in which stress fractures develop 
depend primarily on the type of physical activity performed by the individual, parts of 
the body involved in the activity and the stresses exerted on a particular anatomic 
structure[3-5]. Early diagnosis is crucial for the success of therapeutic management. 
Unfortunately, because stress fractures require a high index of clinical suspicion, they 
are frequently underdiagnosed and undertreated[6,7].

Stress fractures represent approximately 10% of all injuries in sports. Stress injuries 
most frequently occur when individuals, particularly females, perform a new activity 
or make changes in the type of training they perform, as well as when fatigue fractures 
are present in the medical history of a patient[8,9]. The additional intrinsic and extrinsic 
factors that increase the risk of fatigue fractures are a hard training surface, 
inappropriate footwear, and a low intake of vitamin D and calcium[10].

Diagnostic imaging methods used for fatigue bone fractures include a combination 
of radiography, magnetic resonance imaging (MRI), 3-phase skeletal scintigraphy and, 
in rare cases, computed tomography (CT) or color Doppler ultrasonography 
(periosteal imaging). A diagnostic method is selected according to the location and 
stage of development with regard to healing[11].

Typical fatigue fractures have a promising prognosis for return to sports. This type 
of fracture is also accompanied by a slight risk of complications. There is a risk of 
severe complications and the treatments for these injuries occurring in uncommon 
locations are difficult and require a long period of time. Fractures characterized by a 
high tensile load or low blood flow are called high-risk stress fractures. There is a risk 
of delayed healing, fracture progression or even nonunion[10,12].

The paper presents several cases of stress fractures in unusual locations: The 
calcaneus, intermediate cuneiform bone, sacrum, tibias (bilateral), navicular bone and 
femoral neck. All of the fractures were associated with an aspect of mobility because 
all of the patients had an increased level of physical activity in various sport 
disciplines. In this retrospective report, when considering individual clinical cases, the 
authors that in the case of fatigue fractures, in typical or atypical locations, the 
diagnostic process is often based on the stages of the more common overuse syndrome 
procedure, which mostly involves soft tissue injuries.
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CASE PRESENTATION
From December 2014 to August 2018, six patients (four women and two men) with an 
average age of 25.3 years (age range 17-42 years) were diagnosed with stress fractures. 
The presented series of clinical cases occurred in four professional athletes, a novice 
athlete and an amateur athlete: A handball player, a tennis player, a swimmer who 
transitioned to the triathlon, a runner, one amateur who attended fitness activities and 
one amateur triathlete. In accordance with the suspected diagnosis determined on the 
basis of the physical examination, the patients underwent medical imaging: One 
patient underwent a CT scan, three underwent MRI scans, and two underwent both 
types of imaging examinations. Five patients had a stress fracture in a lower extremity, 
and four fatigue fractures occurred in atypical locations: The calcaneus, intermediate 
cuneiform bone, sacrum and femoral neck. In two cases, the stress fractures occurred 
bilaterally, which is also uncommon. According to Fullem[13], stress fractures were 
bilateral in 16.6% of the cases in his study group of 320 patients diagnosed with fatigue 
fractures. Table 1 presents an overview of all cases.

Chief complaints
Case 1: A 42-year-old woman [body mass index (BMI) 20.58 kg/m2] was referred to 
the clinic because of pain in her left ankle accompanied by significant swelling of the 
joint.

Case 2: A 21-year-old man (BMI 24.44 kg/m2), who was a professional handball 
player, was referred to the clinic because of pain in his left foot.

Case 3: A 17-year-old woman (BMI 22.39 kg/m2) who started playing tennis at 9 years 
of age was referred to the clinic because of low back pain in the sacral region.

Case 4: An 18-year-old woman (BMI 21.72 kg/m2) with a 10-year history of 
competitive swimming was referred to the clinic because of pain in both of her lower 
extremities. She suffered from pain on the border between the midpoint and the distal 
third point of the right tibia and the distal portion of the left tibia.

Case 5: An 18-year-old woman (BMI 19.23 kg/m2), who was a competitive runner, was 
referred to the clinic due to persistent pain in both calves.

Case 6: A 36-year-old man (BMI 24.69 kg/m2) was referred to the clinic because of pain 
in his right hip joint.

History of present illness
Case 1: The patient’s symptoms started two mo earlier, after participation in Zumba 
classes, and were exacerbated following more intense and prolonged exercises. Acute 
ankle pain occurred periodically.

Case 2: The pain lasted for four mo, and its onset was not associated with an injury. 
Before referral to the clinic, the patient underwent physical therapy, but he did not 
observe any improvement. Due to severe pain, the patient stopped the training one 
month before referral to the clinic.

Case 3: The pain lasted for six wk, and its onset was not associated with an injury.

Case 4: The onset of pain corresponded to when the patient switched from competitive 
swimming to training for a triathlon.

Case 5: The patient’s training routine included 8-10 km of running daily, but the 
distance was extended up to 20 km during the preparatory camps. The patient’s 
symptoms started approximately three mo before referral, and she did not have a 
previous injury.

Case 6: The patient’s symptoms started 10 days before the referral while running 
during a triathlon competition. The patient used crutches due to severe pain in the hip, 
which radiated to the knee. Discomfort and pain had occurred during preparation for 
the competition.

History of past illness
Cases 1-4, and Case 6: The patients’ medical history was unremarkable.

Case 5: The patient had a history of stress fractures in the left fibula and left metatarsal 
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Table 1 An overview of all clinical cases

Case Sex Age Activity1 Location of stress 
fracture

Laboratory 
examination

Imaging 
examination

Follow-up 
(mo) Control imaging examination

1 F 42 Zumba 
workout (R)

Calcaneus None MRI 1.5 MRI after 1.5 mo

2 M 21 Handball (P) Intermediate 
cuneiform bone

Level of 25-
hydroxyvitamin D3

MRI, CT 2.5 CT after 1.5 mo CT after 2.5 mo

3 F 17 Tennis (P) Sacral bone None MRI - -

4 F 18 Triathlon (P) Bilateral tibia 
fracture

None CT 5 CT after 5 mo

5 F 18 Running (P) Navicular bone None X-ray, MRI - -

6 M 36 Triathlon (R) Femoral neck Level of 25-
hydroxyvitamin D3

X-ray, CT, MRI 16.5 MRI after 5 wk MRI after 11 wk CT 
after 13 wk MRI after 16.5 mo

1P: Professional; R: Recreational. MRI: Magnetic resonance imaging; CT: Computed tomography.

bone that occurred 3 years earlier. The fractures healed after supplementation with 
vitamin D.

Physical examination
Case 1: By palpation, the pain was determined to be localized on the medial side near 
the lateral malleolus along the tendon of the tibial muscle. The patient presented with 
substantial swelling of the left ankle. The ultrasound examination revealed edema of 
the tibial muscle tendon.

Case 2: During palpation, the patient reported pain in the tarsometatarsal joint and the 
area corresponding to the second metatarsal bone.

Case 3: During palpation, the patient reported pain in the left iliosacral joint. 
Moreover, she complained of pelvic pain during the push and squeeze test of the iliac 
bend and presented with a painful, limp gait.

Case 4: Upon palpation, the pain was determined to be localized in the distal thirds of 
both tibias. The pain was exacerbated during walking.

Case 5: Upon palpation, there was tenderness in the distal thirds of both fibulas but 
not in the peroneal muscles. The patient was unable to complete the deep squat test.

Case 6: The patient's gait was abnormal, with limping on the right leg. During the 
functional tests, the right hip showed limited flexion range of motion, no internal 
rotation range of motion and limited abduction range of motion, with pain in the 
terminal phase of gait.

Laboratory examinations
Case 2 and Case 6: A laboratory test was conducted for the concentration of 25-
hydroxyvitamin D3.

Imaging examinations
Case 1: The patient underwent an MRI scan because damage to the posterior tibialis 
tendon was suspected. The examination revealed a calcaneal fracture with bone 
marrow edema and swelling of the adjacent soft tissues (Figure 1).

Case 2: The MRI results demonstrated edema around the intermediate cuneiform 
bone, which suggested the presence of a fracture (Figure 2). Indeed, a tiny cleft with 
sclerotic remodeling of the adjacent bone was observed on the CT scans, which were 
recommended to determine whether there was a fracture (Figure 3).

Case 3: MRI revealed a fracture in the sacrum, involving zone I, (ala, lateral to the 
sacral foramina) according to the Denis sacral injury classification system[14,15] 
(Figure 4).

Case 4: Tibial fatigue fractures were found bilaterally on the CT scans (Figure 5).
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Figure 1  Diagnostic images from the magnetic resonance imaging examination. A: T1-weighted sagittal fast spin echo cross-section of the left foot; 
B: T2-weighted axial FSE cross-section, with the fracture site marked (orange arrow).

Figure 2  Diagnostic images from the magnetic resonance imaging examination. A: T1-weighted sagittal cross-section of the left foot; B: T1-weighted 
coronal cross-section, with the fracture site marked (orange arrow).

Case 5: No evidence of fractures was found on conventional radiograms. MRI 
demonstrated a bilateral fracture of the navicular bones (Figure 6 and Figure 7).

Case 6: No evidence of fractures was found on the conventional radiograms. The 
patient underwent CT and MRI scans because femoral head necrosis or a stress 
fracture was suspected. The CT scan did not reveal an obvious bone fracture. 
However, the MRI scan demonstrated edema of the femoral neck bone marrow with a 
visible hypointensive fracture cleft at the medial edge, without evidence of cortical 
layer rupture (Figure 8). The examination revealed swelling of the surrounding soft 
tissue, as well as slight effusion in the hip joint.

FINAL DIAGNOSIS
Case 1: The final diagnosis of the presented case was a stage III chronic calcaneal stress 
fracture, according to the classification system proposed by Keading and Miller[16].

Case 2: The final diagnosis of the presented case was a stress fracture of the 
intermediate cuneiform bone in the left foot.

Case 3: The final diagnosis of the presented case was a sacral stress fracture.

Case 4: The final diagnosis of the presented case was an incomplete bilateral tibial 
stress fracture.
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Figure 3  Diagnostic images from the computed tomography examination; sclerotic remodeling of bone tissue–orange arrow, very small 
cleft of the fracture–white arrow.

Figure 4  Diagnostic proton density weighted fat-suppressed (fs) axial images from the magnetic resonance imaging examination, with 
the fracture site marked (orange arrow).

Case 5: The final diagnosis of the presented case was a bilateral navicular bone stress 
fracture.

Case 6: The final diagnosis of the presented case was an early phase of a fatigue 
fracture of the femoral neck.

TREATMENT
Case 1: The patient was instructed to walk with forearm crutches to avoid weight-
bearing on the affected extremity, to rest with the limb elevated, and to apply cold 
compresses on the ankle.

Case 2: The patient was recommended to refrain from training and to use an 
ultrasound bone healing system once a day for 14 days. Furthermore, he was 
prescribed manual therapy and a single administration of platelet-rich plasma. The 
platelet-rich plasma, containing 4-5 times more platelets than whole blood, was 
obtained by centrifugation of the patient’s blood for 8 minutes and administered under 
ultrasonographic guidance, as recommended elsewhere, 2 wk after manual therapy 
was started[17].

Case 3: The patient was recommended to refrain from sports activities for 8 wk, after 
which a control MRI scan was scheduled.
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Figure 5  Diagnostic images from the computed tomography examination. A: Right tibia; B: Left tibia, with the fracture site marked (orange arrow).

Figure 6  Magnetic resonance imaging diagnostic images of the left ankle. A: Saggital T1-weighted image: bone sclerosis is indicated by the orange 
arrow; B: Axial T1-weighted image: the small crack is indicated by the orange arrow.

Case 4: The patient was recommended to refrain from physical activity for eight wk, to 
rest frequently with the lower extremities elevated, to walk with forearm crutches, and 
to undergo pulsed signal therapy.

Case 5: The recommended treatment included the control of her vitamin D levels, the 
administration of platelet-rich plasma, and myofascial and manual therapy.

Case 6: The patient was instructed to walk with forearm crutches to avoid weight-
bearing on the affected extremity, to rest with the limb elevated, to use an ultrasound 
bone healing system once a day for 6 wk, and to control his level of 25-hydroxyvitamin 
D3. Furthermore, he was advised to begin rehabilitation on day 5 after the visit.



Ficek K et al. Stress fractures in uncommon locations

WJCC https://www.wjgnet.com 4142 September 26, 2020 Volume 8 Issue 18

Figure 7  Magnetic resonance imaging diagnostic images of the right ankle. A: Saggital T1-weighted image: bone sclerosis is indicated by the orange 
arrow; B: Coronal T1: bone sclerosis (orange arrow) and cleft of the fracture are indicated by the white arrow.

Figure 8  Diagnostic images from the magnetic resonance imaging examination. Coronal short T1 inversion recovery sequence. Edema and the 
fracture cleft are indicated by the orange arrow.

OUTCOME AND FOLLOW-UP
Case 1: After one and half mo, the patient returned for a follow-up visit and 
underwent a control MRI scan, which demonstrated a decrease in bone marrow 
edema, which likely occurred due to progressive bone consolidation (Figure 9). Since 
the last examination, the pain has gradually subsided. The patient did not report pain 
while walking or loading the extremity.

Case 2: One and half mo after the first visit, the patient no longer reported pain upon 
palpation or discomfort during walking. However, the CT scans acquired during the 
visit demonstrated widening of the fracture cleft, which involved the entire length of 
the intermediate cuneiform bone (Figure 10). The laboratory tests revealed a 
substantially decreased concentration of 25-hydroxyvitamin D3 (16.53 ng/mL; normal 
range 30-100 ng/mL). The patient was instructed to further refrain from physical 
activity, to control his levels of electrolytes and 25-hydroxyvitamin D3, to wear insoles 
lifting the medial longitudinal arch of the foot, and to continue treatment with the 
ultrasound bone healing system for another 14 days. During the subsequent control 
visit, one month later, consolidation of the bone within the medial margin of the 
fracture cleft was observed on the CT scans, but sclerotic edges were still observed 
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Figure 9  Diagnostic images from the magnetic resonance imaging examination from the control visit. A: T1-weighted sagittal fast spin echo 
cross-section of the left foot; B: T2-weighted axial FSE cross-section, with the fracture site marked (orange arrow).

Figure 10  Diagnostic images from the computed tomography examination from the first control visit. A: Sagittal multiplanar reconstruction; B: 
Axial multiplanar reconstruction image with the fracture site marked (orange arrow).

within the lateral margin (Figure 11).

Case 3: The patient did not attend the scheduled control visit and did not undergo the 
MRI examination due to an improved well-being, and she returned to her preinjury 
level of training.

Case 4: Control CT scans obtained 5 mo after the initial referral demonstrated 
progressive ossification at the fracture sites, with virtually no evidence of clefts 
(Figure 12).

Case 5: The patient did not attend the scheduled control visit.

Case 6: After 5 wk, the patient underwent a control MRI scan, which demonstrated a 
decrease in bone marrow edema, edema of the surrounding soft tissue and effusion in 
the hip joint, which likely corresponded to progressive bone consolidation. Since the 
last examination, the pain has gradually subsided. The patient received a double dose 
of platelet-rich plasma and was advised to continue rehabilitation and to walk with 
forearm crutches for another 4 wk to avoid weight-bearing on the affected extremity. 
The laboratory tests revealed a low concentration of 25-hydroxyvitamin D3 (43.00 
ng/mL; normal range 30-100 ng/mL), so the patient was instructed to take the vitamin 
D supplementation. At the subsequent control visit, one month later, the patient 
received a single dose of platelet-rich plasma. He was recommended to walk with one 
forearm crutch and to continue rehabilitation using an antigravity treadmill. The next 
MRI scan, performed approximately 6 wk after the first control MRI scan, 
demonstrated evolution of the repair processes at the site of the preexisting fatigue 
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Figure 11  Diagnostic images from the computed tomography examination from the second control visit. A: Sagittal multiplanar reconstruction; 
B: Axial multiplanar reconstruction image with the fracture site marked (orange arrow).

Figure 12  Diagnostic images from the control computed tomography examination after 5 mo. A: right tibia; B: left tibia, with the fracture site 
marked (orange arrow).

fracture (Figure 13). The structure of the bone and the degree of its calcification were 
assessed on the basis of the CT scans obtained 2 wk later. The CT results demonstrated 
consolidation of the bone, without a visible fracture gap and cortical layer rupture. The 
patient was recommended to increase the intensity of rehabilitation and start basic 
motor training to improve his fitness, based on the correction of movement patterns. 
He was also instructed to control his level of vitamin D with supplementation. 
Thirteen months after the last CT scan, the patient attended another control visit, 
during which another MRI scan of the right hip was performed. The MRI examination 
revealed proper healing of the fracture cleft, the absence of edema and the absence of a 
visible fracture cleft (Figure 14).

DISCUSSION
Fatigue fractures are the result of the application of unusual, multiple in compressive 
loads during weight-bearing activities, which correspond largely to a change in the 
mechanical integrity of bone structures, especially bone structures that have been 
weakened by other factors. The cases presented in this paper show the ambiguous 
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Figure 13  Control magnetic resonance imaging scan of the right hip. Coronal proton density fat-suppressed sequence.

Figure 14  Control magnetic resonance imaging scan of the right hip. Coronal short T1 inversion recovery sequence.

characterization of stress fractures. Therefore, the treatment for this type of injury 
should be tailored as much as possible to each clinical case, from the diagnostic stage 
to the personalized therapy, with the daily activities of the patient taken into 
account[18]. For many elite and professional athletes, the conventional treatment of 
analgesics, immobilization, and extended rest from training is often unacceptable. 
Introducing modern strategies for treating stress fractures is superior to ensure a fast 
and safe return to sport[19]. The decision to supplement the therapeutic protocol with 
orthobiologic methods for stimulating and supporting bone healing is desired 
nowadays to expedite recovery and decrease the risk of nonunion. The widespread use 
of platelet-rich plasma in orthopedics has shown positive outcomes in bone healing as 
well[20,21]. Nevertheless, randomized studies with standardized protocols (relating 
preparation and administration phase) are still required to confirm efficacy of 
treatments in human stress fractures[19]. Another therapeutic strategy is the application 
of low-intensity pulsed ultrasound (LIPUS). A meta-analysis of the effect of LIPUS on 
the bone fracture healing indicated it is moderate to low in quality[22,23] . At this stage of 
knowledge[23,24], LIPUS would not be suggested for routine treatment of fatigue 



Ficek K et al. Stress fractures in uncommon locations

WJCC https://www.wjgnet.com 4146 September 26, 2020 Volume 8 Issue 18

fractures but it might be a choice for non-union, or in professional athletes. As before, 
more high quality research is needed to further assess the effects of LIPUS on stress 
fracture healing, taking into account different dosages and sites[23].

It is worth noting that in the majority of cases, a stress fracture is not suspected; 
therefore, the diagnostic process is based on the stages of the more common overuse 
syndrome procedure, which mostly involves soft tissue injuries. In the development 
and management of the type of maladies presented in the paper, both intrinsic and 
extrinsic factors play a crucial role. What is important to recognize is that some of 
these factors can be managed, and therefore, injuries may actually be preventable. 
Many algorithms were proposed for the stress fracture diagnostic and treatment 
stage[25-28]. Our algorithm (Figure 15) is based on principles derived from the 
literature[25,28,29], guided by epidemiological recommendation and our observations: 
Effects of vitamin D deficiency and disorders in basic movement patterns. The main 
aim of testing vitamin D level is to support bone remodeling[30], and prevent future 
fractures as it was stated by Lappe et al[31] that supplementation of calcium and vitamin 
D reduces incidence of stress fractures by as much as 20%. For the same purpose, the 
need of biomechanical movement patterns assessment should be emphasized, as 
studies[5,32,33] show that there is an association with the risk of lower extremities 
fracture. The assessment of basic movement patterns that are learned at an early stage 
of varies according to individual lifestyle, and the fact that they are changeable cannot 
be neglected[10]. Therefore motor control evaluation should be performed before and 
after treatment. Additionally, based on the presented cases, the physician-radiologist 
cooperation should be highlighted in the management algorithm, as a key to make 
accurate and quick diagnoses. Radiologists who know a patient’s medical history can 
assess whether the edema observed in the MR images is related to the symptoms and 
then suggest a CT scan, another form of medical imaging, is additionally performed to 
confirm or eliminate a stress fracture.

Radiography, despite the low sensitivity and specificity, is still considered a first-
line diagnostic method, due to the fact that it allows for other causes of pain to be 
differentiated[34]. The main advantage of MRI it has the best spatial resolution and 
specificity, therefore MRI can easily detect minor stress reactions (including bone 
contusions), especially on a short T1 inversion recovery (STIR) sequence or a fat-
suppressed T2-weighted fast spin echo (FSE) sequence. Moreover, MRI examination is 
sensitive enough to detect further malignant entities which could necessitate a bone 
marrow replacement, and which, in consequence, would make the bone prone to 
insufficiency fracture. The biggest advantage of scintigraphy [the 3-phase skeletal 
scintigraphy with technetium-99m (99mTc) methylene diphosphonate (MDP)], in 
comparison to MRI, is that the entire skeleton can be screened. The increasing role of 
MRI, which is now the gold standard in fatigue fracture assessment, has replaced 
sensitive but nonspecific scintigraphy[10,32]. Computed tomography and ultrasound 
examination should be reserved for special cases. USG, together with vascular 
assessment, allows for the detection of bloodshot periosteal sites and sites for the 
initiation of tissue repair processes.

Considering the influence of vitamin D levels on fatigue fractures, it should be 
noted that at least half of the patients diagnosed with this type of malady are 
characterized as having a low level of this vitamin (levels below 40 ng/mL are 
considered insufficient based on the standards established by the vitamin D council[35]; 
levels below 30 ng/mL are considered insufficient based on the recommendations by 
the United States Endocrine Society[36]). Vitamin D concentration is closely related to 
the absorption of dietary calcium and phosphorus and individuals’ metabolism. In 
addition, individuals with vitamin D deficiency absorb approximately only 10%-15% 
of dietary calcium and 50%-60% of dietary phosphorus. A decrease in the calcium level 
can lead to a decrease in bone mineralization and structural integrity. Vitamin D could 
also have a positive, through moderate, effect on aerobic performance in athletes who 
do high-intensity training with limited exposure to sunlight[37].

Stress fractures occur in the vast majority of lower extremities, including the tibia 
(23.6%), navicular bone (17.6%), metatarsal and fibula (approximately 16%), and femur 
(6.6%), and they occur less frequently in the pelvic bone (1.6%) and spine (0.6%)[38]. 
Significantly less frequently occurring cases of stress fractures are those in unusual 
locations, such as the patella, sphenoid bone, femoral neck (tension side), calcaneus, 
and sacrum. Calcaneal fatigue fractures are uncommon and therefore can be easily 
misdiagnosed, which may result in malunion. The recommended therapeutic 
procedure for calcaneus stress fractures is primarily a reduction in activity and an 
extended period of absence from training sessions for athletes[33].

Despite the fact that fatigue fractures of the foot are relatively common, the 
cuneiform bones and navicular bones are not usually affected[39]. The fifth metatarsal, 
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Figure 15  Diagnostic algorithm. CT: Computed tomography.

cuboid bone and three cuneiform bones form a structure called the transverse or 
‘Roman arch’ and together form the Lisfranc joint, which enables articulation between 
the midfoot and forefoot. In view of the fact that the midfoot is a very difficult place to 
image, radiography is not a sufficient testing method for diagnosis. If a fatigue fracture 
is suspected with accompanying midfoot pain and swelling, more advanced imaging 
techniques, such as CT and MRI, should be considered to determine whether there is a 
stress fracture[39]. Regarding fatigue fractures of the cuneiform bones, two main forces 
should be taken into account. Due to the location of the cuneiform bones in the 
midfoot, bending and shear forces are applied across them.

The sacral bone is the keystone arch of the pelvis. As in the case of calcaneal stress 
fractures, a high level of discernment, suspicion and precision is required for the 
diagnosis of sacrum fatigue fractures. A comprehensive review of the current 
literature presented by Yoder et al[40] presents a set of pertinent risk factors associated 
with sacral stress fractures. For patients who exhibit risk factors and report the 
insidious onset of lower-back and buttock pain, the possibility of a sacral stress 
fracture should be considered. High-risk patients, such as female running athletes, are 
particularly noteworthy[41-43]. Unfortunately, these types of fractures are underreported, 
which is likely, in part, due to the initial physical examination findings, which are 
frequently cursory and often not localized to the sacral bone. Also, in the case of 
female athletes, some studies[44,45] indicated that regular use of the oral contraceptive 
pill (OCP) may protect against stress fracture occurrence since menstrual disturbances 
were assumed to directly relate to decreased bone mineral density[46]. On the other 
hand, based on the review of literature, there have been no randomized studies which 
show that the use of OCP reduces the stress fracture rate in female athletes, therefore 
the risk of stress fracture in such sport participants is not known[47]. In addition, this 
result is partially caused by a mismatch between the type of diagnostic imaging used 
and type required to diagnose the disease. Digital radiography seldom reveals a sacral 
stress fracture and therefore, in this case, should not be considered the primary 
diagnostic method. In CT images of the fracture area, the characteristic appearances 
are lucency or thickening of the cortical bone and focal linear sclerosis of the 
cancellous bone. MRI is most appropriate for diagnosing fatigue fractures. A 
distinctive feature of sacral stress fractures in MRI scans is an area of decreased signal 
intensity on the T1-weighted images in the superior portion of the sacral bone, while 
in T2-weighted images, a high signal intensity corresponding to the fracture line is 
visible, often surrounding a linear region of low signal intensity[40,48].
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It has also been highlighted that stress injuries can occur with normal strain. 
Athletes experience abnormally high levels of physiologic strain in activities but also 
exhibit risk factors for bone failure, which puts some subpopulations of athletes at an 
increased risk of fractures[49]. Neither amateur nor professional athletes perform 
compensatory training. The main objective of compensatory training is synergistic 
movements and the compensation of existing disproportions between the use of and 
neglected parts of the body. In addition to a compensation effect, it also has an 
analgesic influence, as it can reduce or even eliminate the sensation of pain.

Due to the types of recreational sports activities currently performed, injuries and 
illnesses are less commonly reported in specific populations, such as professional 
athletes, than in nonprofessional sports participants. Injury mainly occur due to 
improper or even a total lack of preparation of the body for physical activity. A lack of 
motor preparation is often observed in amateurs who initiate intense workouts, often 
without proper knowledge or specialist support. People practicing sports more 
professionally, in a single sport discipline, may have certain motor skills related to 
motor development to become more specialized, often to the detriment of primary 
motor skill development[50,51].

Another possible factor that should be considered in the pathophysiology of stress 
fractures, particularly in athletes, is the influence of skeletal muscles. In the literature, 
it has been noted that muscles can protect the tibia during running by producing shear 
forces that counteract the joint reaction forces. Various authors[52,53] have hypothesized 
that reduced lower leg muscle strength increases the risk of stress fractures. Therefore, 
a biomechanical analysis with a large sample size should be conducted, particularly in 
professional athletes. Currently, the utilization of advanced multisensory recording 
systems, which allow motion data to be recorded (called motion capture systems), and 
even wireless surface electromyography or textile-based electromyography have been 
introduced for the clinical analysis, rehabilitation, evaluation and recording of the 
human balance system[54-57].

In addition to all these strengths, the study also has its weaknesses. Since the data 
were retrospectively collected, bone healing (based on diagnostic images) cannot be 
evaluated because not all patients attended the control visits. Additionally, not all 
patients had their vitamin D level tested; based on our retrospective case series report 
and the currently available information, we emphasized the need to verify patients’ 
vitamin D levels. The influences of treatment methods used in our study (such as the 
application of platelet-rich plasma or an ultrasound bone healing system) are 
unpredictable, since they did not have the same affects for all patients; treatments 
should be individualized according to each patient’s clinical condition, severity of 
injury and financial status.

CONCLUSION
Advanced diagnostic imaging techniques, including CT and MRI, are advantageous in 
identifying stress fractures. The type of therapeutic procedure selected should depend 
to a large extent on the specific clinical case, including the patient's condition and level 
of physical activity. A variety of diagnostic tools are available, and the modern tools 
enable faster diagnoses than the traditional tools, thereby increasing the accuracy of 
diagnoses and treatment effectiveness. The inclusion of vitamin D tests, in addition to 
standard medical imaging methods, at the diagnostic stage when a fatigue fracture is 
suspected can provide preliminary information about the possible causes of the 
symptoms and, more importantly, their nature, allowing the appropriate therapeutic 
treatment to be selected.
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