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Abstract 
Introduction: Fatigue fractures are secondary to excessive, unusual, repeated 
mechanical stress, occurring on healthy bone. Bone scintigraphy (BS) with 
99mTc-HMDP is an excellent means of diagnosis. We report a case of stress 
fracture of the calcaneus with scintigraphic diagnosis, in a marathon runner. Pa-
tient and Methods: He is a 40-year-old athlete in overtraining with right calca-
neal pain on running, intense at first, moderate in the middle and then persistent 
after exercise. The interrogation found no trauma to the right foot and the x-ray 
of the foot was without abnormality. The so 3 phases were performed following 
an injection of 564 MBq of 99mTc-HMDP, with a SPECT gamma camera. Re-
sults: Bone scintigraphy found in the early phase, hyper-perfusion and hy-
per-fixation of the right calcaneal region compared to its left counterpart and in 
the bone phase persistence of focal hyperfixation opposite the right calcaneus. 
This scintigraphic aspect of the right calcaneus in an overtrained marathon 
runner, in a painful context and in front of a normal X-ray, made us evoke a 
fracture of fatigue. A complementary CT scan performed two days after the BS 
was without abnormality. Conclusion: Fatigue fractures are micro-fractures 
generally not noticed on radiography and CT. BS due to its high sensitivity is an 
excellent or the best tool for the early diagnosis of stress fractures. 
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1. Introduction 

Fatigue fractures or stress fractures are secondary to non-violent, repetitive stresses 
of moderate amplitude, occurring on previously healthy bone [1]-[7]. They oc-
cur in the absence of metabolic disorders and any specific trauma [3] [7] [8] [9]. 
They were first reported in 1855 by Breithaupt and mainly among military per-
sonnel [10]. Devas [11] in 1958 was one of the first authors to study stress frac-
tures in athletes and running is the main cause [10] [12] [13] [14]. The vast ma-
jority of fatigue fractures occur at the lower extremities [15] [16] [17]; the calca-
neus being the second location after the tibia [3] [4] [18]. 

These fractures are favored by a period of unusual physical activity, such as 
overtraining or a change in training [4] [12] [18]. Although radiography is the 
primary diagnostic modality for detection of skeletal trauma, there are many 
occasions when radiographs may initially fail to diagnose an injury. Also, there 
are several types of injuries which are not diagnosable by routine radiographic 
methods but can be detected easily by nuclear medicine techniques [5] [10] [16] 
[19]. However, magnetic resonance imaging (MRI) is also likely to provide an 
early diagnosis of traumatic bone injuries related to sports [5] [7]. There are four 
primary categories of injury where nuclear medicine techniques may be of use. 
These include 1) stress fracture and periosteal injury; 2) covert fractures; 3) joint 
abnormalities and injuries to connective tissues, especially where they attach to 
bone; and 4) acute skeletal muscle injury and rhabdomyolysis. One of the most 
important features of the use of nuclear medicine techniques in the evaluation of 
sports and traumatic injury is the ability, in most cases, to be able to differentiate 
among these various categories [5] [20]. 

Bone scintigraphy (BS) at 99mTc-HMDP, is a good way to highlight the fati-
gue fracture. 

We report a case of stress fracture of the calcaneus for scintigraphic diagnosis, 
in an athlete. 

2. Patient and Methods 

He is a Senegalese, 40-year-old marathon runner, presenting for two months 
approximately, right calcaneal pain occurring during the race, intense at the be-
ginning, moderate in the middle and then persistent after the effort. This pain 
got worse a month ago after participating in a marathon. The interrogation 
found overtraining linked to the preparation of the marathon, and an absence of 
trauma to the right foot. 

The X-ray of the foot carried out twice is without abnormality. He was then 
referred to the nuclear medicine department of Idrissa Pouye General Hospital 
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(HOGIP) (Dakar, Senegal) at April 14, 2019 for a search for a stress fracture. 
The BS was carried out according to the 3-phase protocol, following an injec-

tion of 564 MBq of hydroxy methylene Diphosphate labeled with metastable 
Technetium 99 (99mTc-HMDP), with early dynamic acquisition (vascular and 
tissue phase) supplemented by a late bone acquisition (whole body scan and 
centered statics). It was made using a gamma camera SPECT (Single Photonic 
Emission Computer Tomography) double head, equipped with a low energy and 
high resolution collimator. The gamma camera was not paired with a CT (Com-
puted Tomography). 

3. Results 

Bone scintigraphy found: 
- In the early phase (Vascular or phase 1 and tissue or phase 2): hyper-perfusion 

(Figure 2) and hyper-fixation (Figure 1) of the right calcaneal region com-
pared to its left counterpart more visible on the posterior acquisition. Indeed, 
the comparative study of perfusion curves shows a curve of the right foot al-
ways above that of the left foot (Figure 2). In addition, the right/left or 
Examinated (E)/Reference (R) perfusion reports find values ranging from 
1.30 to 3.01, reflecting the hyper-perfusion on the right (Figure 3). 

- In the late or bone phase (phase 3) we noted on the whole body scintigra-
phy (Figure 4) as well as on the static images (Figure 5), a persistence of foc-
al hyperfixation projecting opposite the right calcaneus. It was visible on the 
anterior side but more prominently on the posterior side. 

- This scintigraphic aspect of the right calcaneus in an overtrained marathon 
runner, in a painful context and in front of a normal radiography, had made 
us evoke a fracture of fatigue. 

Like the X-ray, the complementary CT scan of the feet performed two days 
after the BS was normal (Figure 6). 
 

 
Figure 1. Bone scintigraphy (early phase): side hyperfixation of the right calcaneal region. 
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Figure 2. Infusion curve of both feet (right hyperfixation). 

 

 
Figure 3. Right foot (E)/left foot (R) Infusion reports. 

 

 
Figure 4. Whole Body Scan: hyperfixation at the right calcaneus. 
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Figure 5. Late static acquisition: hyperfixation at the right calcaneus. 

 

 
Figure 6. Normal right foot CT (no fracture). 

4. Discussion  

The field and the context of occurrence of the fatigue fracture in our case are 
widely found in the literature. He is indeed a marathon athlete in overtraining. 
Michael T. Reeder et al. [10], Brent W. S. [21] stated that running is the cause in 
the vast majority of stress fractures. It is the same as Prather et al. [22]. Matin P. 
[5] reported that these lesions are frequently observed in runners and other ath-
letes whose training regimen produces unusually heavy stresses on bone cells. 
Indeed stress fractures occur when the stresses applied to the bone cause changes 
in the bone greater than the body’s ability to neutralize them. The resulting le-
sion is probably due to much greater bone resorption than bone replacement [5] 
[21]. Paycha [7] argued that the classic trigger is a recent and ill-suited change in 
training conditions. They are also commonly found in army recruits and other 
untrained people who participate in new types of training. In addition, people 
with biomechanical abnormalities such as walking or running may be prone to 
this type of injury [5]. 

Michael T. Reeder et al., Brent W. S. [10] [21] stated that running is the re-
ported cause in the vast majority of stress fractures. Stress fractures have been 
attributed to many factors, including: the training surface [23]; training tech-
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niques [24]; inappropriate footwear [23]; biomechanical anomalies [13] [25] and 
poor conditioning [23] [26]. Gérson L. K. [27] also described a tibial fatigue 
fracture in a marathon runner. 

The bone structure, although subject to efforts within the limits of its capaci-
ties, undergoes elastic deformation and regains its histological configuration at 
the end of the stress. However, when these stresses exceed its normal resistance, 
the elastic deformation is replaced by plastic deformation; in other words, there 
is no return to the previous situation, bone reabsorption thus prevailing if the 
conditions remain, and microfractures occur. In this stage of the evolution of the 
stress fracture, physiological alteration occurs without apparent anatomical 
implication [27]. The pursuit of “sports” requirements, after the initial installa-
tion of the microfracture, results in an open fracture, this time associated with 
anatomical modifications of the bone structure. Thus, we can say that the estab-
lishment of the fatigue fracture begins with a physiological modification; when 
the cause of this alteration remains, the situation ends in an anatomical modifi-
cation [27]. In fact, following intense, unusual, repeated mechanical stresses, an 
accentuation of osteoclastic resorption takes place with an increase in bone 
turnover, which is only followed belatedly by an increase in osteoblastic forma-
tion. This temporary embrittlement exposes to fracture decompensation in the 
event of continued overuse [7] [11] [21] [28]. 

We know that X-rays are of little use in detecting acute stress fractures; there-
fore, the diagnosis of these abnormalities has become mainly dependent on nuc-
lear medicine techniques. The clinical picture of our patient is also widely re-
ported in the literature. Paycha [7] and Mouaden A. [9] reported that the reason 
for the consultation was a sudden onset pain without trauma, typically mechan-
ical, worsening with exertion and calmed by rest. The diagnosis of fatigue frac-
ture is evoked in athletes in the face of progressively disabling mechanical pain, 
contrasting with the poor physical examination. 

The scintigraphic aspect of hyperfixation at the early and late phase of the 
right calcaneus in a overtrained marathon runner, in a painful context and in 
front of a normal radiography, made us evoke a fatigue fracture. This scinti-
graphic aspect is classic and very widely described [3] [4] [7] [9] [17] [18] [27] 
[29]. In fact, the 4 pillars of the diagnosis are: the history of the athlete, isolated 
exertion pain, normal radiographs and positive bone scan [7]. The radiographic 
signs are most often delayed (2 weeks to 3 months), discreet, sometimes even 
absent (tarsus, metatarsals). The same late nature of the anomalies visible on the 
computed tomography (CT) should be emphasized [7] [9] [12] [15] [17] [21] 
[27]. 

All the authors thus agree on a sensitivity of bone scintigraphy practically 
equal to 100% [4] [7] [17] [25] [27] [30] [31]. This ideal sensitivity value is only 
valid for fatigue fractures occurring on healthy non-osteoporotic bone, when a 
minimum period of 12 hours separates the onset of pain from bone scintigraphy. 

The specificity of the dynamic and morphological criteria for the fatigue frac-
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ture is greater than 80%. Among the bone lesions that may resemble the fatigue 
fracture, the most frequently encountered are osteonecrosis for the metatarsals 
and the talus, algodystrophy parcel or osteonecrosis for the tibial plateau, osteoid 
osteoma for the calcaneus and metatarsals. This list is obviously not exhaustive 
[7] [31]. 

To achieve an early diagnosis, bone scintigraphy is widely used in this indica-
tion, especially in developed countries. Some sports medicine teams even use 
scintigraphy as the first intention, radiography downshifting into second posi-
tion and often in a delayed manner. 

However, magnetic resonance imaging (MRI) is also likely to provide an early 
diagnosis of traumatic bone injuries related to sports [32] [33]. The merits of 
this technique are to identify extra-osseous traumatic injuries and to provide an 
anatomical image of the lesions. The disadvantages are the limited nature of the 
exploration, the non-specificity of spinal edema when the fracture line is invisi-
ble, a slightly lower sensitivity to scintigraphy when the MRI is not guided by the 
latter. 

The location of fatigue fractures depends on the type of physical activity. 
They predominate clearly in the lower limbs and are most often unilateral [4] 

[9] [10] [17] [25] [34]; the calcaneus being the second location after that of the 
tibia [4] [18] [35]. The calcaneal localization is benign with a generally favorable 
evolution [6] [7]. The treatment consists of rest with reduction of the load when 
pressing on the foot in question. 

Conservative therapy for stress fractures involves the use of ice, non-steroidal 
anti-inflammatory drugs, and rest of the affected bone for several weeks or until 
pain-free. Additionally, pre-exercise warm-up and stretching, and a gradual re-
turn to the offending exercise intensity are indicated. Substitution of a non-weig- 
ht-bearing exercise, such as swimming (or upper extremity bicycle for lower ex-
tremity fractures), may speed recovery without loss of cardiovascular condition-
ing. Metatarsal and navicular fractures may require short leg casting for six to 
eight weeks unless comminuted or displaced. In elite athletes, it is more com-
mon to perform intramedullary nailing if a joint is not involved [21]. 

For the prevention, a gradual increase in the intensity of exercise, not to ex-
ceed an increase of 10 percent per week, generally is recommended for prevention 
of all stress fractures. Adequate stretching with warm-up before exercise is ad-
vised. The use of lightweight footwear in good condition and smooth, level run-
ning surfaces are specifically recommended to prevent lower extremity stress 
fractures as well as correcting predisposing biomechanical conditions by using 
custom orthotics or arch supports. A Cochrane Review involving four trials 
suggested that the use of shock-absorbing insoles may prevent stress fractures 
and stress reactions of the lower extremities. Another study found that decreased 
exercise intensity after an initial intense period may be effective in preventing 
stress fractures but may not be significant when corrected for cluster randomiza-
tion [21]. 
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5. Conclusion 

Fatigue fractures are micro-fractures generally not noticed on radiography and 
CT. So due to its high sensitivity is an excellent tool for the early diagnosis of 
stress fractures. However, a SPECT scintigraphy coupled with tracking CT is es-
sential to increase the specificity of the examination. Although MRI is currently 
accepted for evaluation of stress injuries of the bone, some limitations and pit-
falls remain. Three-phase bone scintigraphy is the gold standard to provide 
prompt and sensitive diagnosis of stress fractures. Additional SPECT/CT imag-
ing will enhance the diagnostic accuracy of planar bone scintigraphy. 
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