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Bone stress 
Bone stress can eventually lead to the fracturing 
of bone. A schema (FIGURE 1) has been 
proposed to explain the changes in bone in 
response to repetitive stress and the occurrence 
of positive radionuclide images and negative 
radiographs in the same patient with bone stress 
[1]. 

Most femoral stress injuries are associated with 
running [2]. 

Bone stress reactions in ballet dancers, most 
prevalent in the tibiae, have been demonstrated 
by a diffusely increased uptake of a radiotracer 
[3]. 

In patients with stress changes or fractures 
of the sesamoid bones at the head of the first 

metatarsal, three-phase skeletal scintigraphy can 
give objective evidence of the exact site of the 
abnormality [4]. 

Fracture 

 � Stress fracture 

Stress fracture is an overuse injury caused by 
muscle forces combined with bending and 
impact forces acting on the bone, which has not 
adapted to loading [5]. Repeated application of 
stress lower than the stress required to fracture 
the bone in a single loading results in a partial or 
complete stress fracture [6]. 

The minimum time for skeletal scintigraphy to 
become abnormal following a fracture is age-
dependent; however, after injury, 80% of all 
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Figure 1. Diagram depicting the continuum of bone response to increasing levels of stress and the manner in which parameters of pain, 
radionuclide images, and radiographs relate to the response at any given level of stress. (Reprinted from LW Roub, LW Gumerman, EN 
Hanley Jr., et al. Bone stress: a radionuclide imaging perspective. Radiology. 132, 431-438, (1979). Copyrighted, 1979, by the Radiological Society 
of North America, Inc. Used with permission.)

Nuclear medicine imaging has applications in the diagnosis and monitoring of bony and soft tissue sports-related injuries. Skeletal 
scintigraphy may localize traumatic disorders. Dynamic studies show changes in many conditions such as bone stress, fracture, periosteal 
reaction, osteochondritis dissecans, enthesopathy, osteonecrosis, complex regional pain syndrome, and degenerative change. In 
addition, special views can be used in fracture, periosteal reaction, osteochondritis dissecans, enthesopathy and abnormalities in 
the spine. Magnification techniques have also been described. Furthermore, pinhole imaging can detect fracture, osteonecrosis, and 
impingement syndromes. SPECT imaging may give valuable information in the detection of fracture, avulsion injury, joint injuries, 
osteonecrosis, back pain, and rhabdomyolysis. SPECT/CT provides precise information in osteochondritis dissecans, enthesopathy, 
joint injuries, impingement syndromes and abnormalities in the spine. Lymphoscintigraphy is a diagnostic tool. There is interest in PET 
studies at traumatic brain injury and at the neurotransmitter level. PET/CT can be useful in selected athletic injuries.
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fractures can be abnormal by 24 hours, and 
95% by 72 hours [7]. 

If scintigraphy is performed in the acute phase 
within 4 weeks, the flow and blood pool images 
show increased activity [8]. 

Skeletal scintigraphy may be positive 10 to 14 
days prior to the appearance of any findings 
on plain radiographs. MRI is comparable in 
terms of sensitivity, but within 24 to 48 hours 
of injury, skeletal scintigraphy may not be as 
sensitive as MRI [9].

The usefulness of MRI imaging of the hip and 
adjacent bony structures has been reported [10]. 
The impression is that the accuracy of skeletal 
scintigraphy for the diagnosis of femoral neck 
stress fractures approaches 100% if oblique 
views of the pelvis are taken, and then the uptake 
anterior and posterior to the hip is projected 
away from the femoral neck and false positives 
are avoided [11]. Pinhole imaging in the hips 
has also helped to identify the pattern of stress 
fractures in the inferior aspect of the femoral 
neck, which is the typical site of occurrence in 
athletes [12]. Also, to increase the sensitivity 
of skeletal scintigraphy for the detection of 
upper femoral lesions, frog-leg views should be 
obtained in addition to the standard anterior 
view (FIGURE 2) [13].

Lateral blood pool imaging in patients with 
suspected stress fractures of the tibia could 
potentially have clinical relevance depending on 
severity and prognosis [14].

The plantar projection of the feet, which 
clearly shows the individual structures of 
the metatarsus and phalanges with minimal 
overlap, allows stress fractures and degenerative 
or posttraumatic joint disease, sesamoiditis, 
ligament avulsion injuries or tendinitis to be 
detected with ease. Medial and lateral views of 
the feet also allow the posterior half of the tarsus 
to be clearly visualized for most conditions of 
the calcaneum, such as fractures, bruising, 

enthesopathy, and bursitis. Clear identification 
of fractures through the lateral and intermediate 
cuneiform bones, as well as the post-traumatic 
change in the third tarsometatarsal articulation, 
may be seen in the magnified anterior oblique 
view [12].

Skeletal scintigraphy in pediatric athletes can be 
helpful for the identification of stress fractures 
in long bones, complex regional pain syndrome, 
back pain and other causes of pain [15].

Persistent and increasing bone pain during 
demanding physical activity, even in the 
presence of a prior normal skeletal scintigraphy, 
may represent stress fracture and a repeat skeletal 
scintigraphy may be needed [16].

Stress fractures are associated with a plethora 
of sports. For example, fractures of the lumbar 
spine are associated with ballet, running, and 
gymnastics, fractures of the humerus and 
ulnar shafts with baseball, and fractures of 
the posteromedial olecranon with throwing 
sports [17]. The most common stress fractures 
in athletes, most frequent from running, were 
found in the tibia, followed by fractures in 
the tarsals, metatarsals, femur, fibula, pelvis, 
sesamoids and spine [18].

Although sensitive for acute fractures, skeletal 
scintigraphy is non-specific and may be positive 
in other scenarios including tumor, infection, 
and arthritis. The correlation of the patient’s 
history, physical exam, plain radiographs, and 
three-phase skeletal scintigraphy will assist in 
the correct diagnosis [19].

 �  Occult fracture

An occult fracture is a fracture that is not 
diagnosed on plain radiography for a variety 
of reasons, e.g., complex regional anatomy and 
subtle fatigue fracture [20,21].

Of particular concern is the identification of 
scaphoid fracture due to the high incidence of 

Figure 2. Position for frog-leg view of right hip. (Reprinted from W Ammann, J Matzinger, DR Lloyd-Smith, et al. Femoral stress abnormalities: 
improved scintigraphic detection with frog-leg view. Radiology. 169, 844-845, (1988). Copyright © RSNA, 1988. Used with permission.)
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osteonecrosis [19]. It usually results from a fall 
on the outstretched hand, which is often not 
revealed by radiographs after a delay of 7–10 
days if it is a non-displaced fracture [22]. High-
resolution scintigraphy and prone views of the 
wrists with ulnar deviation may precisely localize 
the scaphoid fracture [23]. For the diagnostic 
management of suspected scaphoid fracture, 
an analysis of the incremental costs incurred 
to save one non-union showed that the use of 
skeletal scintigraphy in patients with negative 
initial radiographs costs approximately one-
third of the price of using repeated radiography 
up to 6 weeks after injury and is, therefore, 
more cost-effective [24]. Another frequent 
occult fracture is the hamate fracture, which is 
commonly associated with an injury produced 
while swinging a tennis racquet, baseball bat or 
golf club where the butt of the handle strikes the 
hook of the hamate and fractures it [22].

Stress fractures of the ribs in amateur golfers 
have been diagnosed by skeletal scintigraphy. 
The initial chest radiographs, including special 
views focusing on the ribs, were all negative 
[25].

In a multifactorial analysis for the early detection 
of fractures of the proximal femur (hip) with 
skeletal scintigraphy and normal or equivocal 
radiographs, the sensitivity was 0.978 [26].

Three-phase skeletal scintigraphy with SPECT 
can demonstrate occult knee fractures with 
normal radiographs and normal overlying 
articular cartilage at arthroscopy [27].

For ankle and hind-foot pain undiagnosed on 
routine plain radiography, skeletal scintigraphy 

of the talus can demonstrate the specific talar 
joint that is injured, and tomography can 
confirm the presence of an osteochondral lesion 
[28]. A magnified posterior view of the ankle 
can also increase the accuracy of osteochondral 
injury detection of the talar dome and tibial 
plafond by 25% [12]. For the detection of 
osteochondral talar dome fractures and no 
abnormality on plain radiographs, CT cannot 
be used routinely due to its high cost. Skeletal 
scintigraphy appears to be a good screening 
procedure that will identify patients who are 
likely to benefit from CT [29]. Pinhole SPECT 
and pinhole planar imaging have been used to 
delineate fracture in the central talar body [30].

The diagnosis of a tarsal navicular stress 
fracture, which is only rarely evident on 
routine radiographs or standard tomograms, 
may require skeletal scintigraphy with plantar 
views (FIGURE 3) or anatomic anteroposterior 
tomograms [31]. 

Lisfranc injury of the mid-foot includes any 
combination of fracture, ligament disruption, 
and joint dislocation [22,32,33]. Skeletal 
scintigraphy is a sensitive method showing 
minor metabolic and blood flow changes when 
other imaging modalities demonstrate normal 
results. Additionally, it may show increased 
uptake in the region of injury for up to 1 
year after the injury [32,34]. Weight-bearing 
radiographs are sensitive [35,36]. A CT or MRI 
may be of benefit [36]. 

A bone bruise or bone contusion is another kind 
of occult fracture, in which skeletal scintigraphy 
shows an abnormal tracer uptake that reflects the 
underlying trabecular damage or microfractures 

Figure 3. Plantar views are obtained with the soles of the patient’s feet positioned on the face of the gamma camera. The patient leans 
posteriorly so that the isotope uptake from the body pool does not contribute to the uptake in the feet. (Reprinted from H Pavlov, JS Torg, RH 
Freiberger. Tarsal navicular stress fractures: radiographic evaluation. Radiology. 148, 641-645, (1983). Copyrighted, 1983, by the Radiological 
Society of North America, Inc. Used with permission.) 
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with very minor cortical disruption and a 
reparative bone reaction, which is the speculated 
basis of this lesion. 

Of additional interest is the ability of a three 
or two-phase skeletal scintigraphy to evaluate 
possible complications in the fracture union, 
as well as other complications such as avascular 
necrosis, complex regional pain syndrome and 
post-traumatic arthritis.

Moreover, skeletal scintigraphy, because of its 
ability to image the whole body, enables the 
possible cause of a referred pain to be determined, 
demonstrating more distant abnormal tracer 
uptake foci, which may represent the origin of 
this pain. Likewise, it permits the detection of 
multiple lesions when multiple skeletal injuries 
are suspected as well as unsuspected traumatic 
pathology [22]. 

 � Periosteal reaction (shin splints, thigh 
splints, ulnar splints)

This condition is thought to result from 
increased stress from the muscles or connective 
tissues on the superficial portion of the bone 
cortex, leading to increased bone metabolism 
[37].˝Shin splints  ̏  has been defined as ˝pain 
and discomfort in the leg from repetitive 
running on hard surfaces, a forcible use of 
the foot flexors; diagnosis should be limited 
to musculotendinous inflammation excluding 
fracture and ischemic disorders ̏ [38]. 

For an acute periosteal reaction in the tibia, 
similar sensitivity and specificity may be 
expected from three-phase skeletal scintigraphy 
and MRI. No abnormal findings may be seen on 
plain radiography [39]. Scintigraphic patterns 
can be used to differentiate periosteal reaction 
from stress fractures or other conditions causing 
pain in the lower leg in athletes. Obtaining both 
lateral and medial views is crucial [40]. 

The process is most commonly found in the 
tibia. The clinical equivalent in the thigh and 
ulna has also been described [37,41].

 � O s t e o c h o n d r i t i s  d i s s e c a n s 
(transchondral fracture) 

This entity is characterized by a segment of 
cartilage that, together with subchondral 
bone, separates from an articular surface. The 
separation of the bony fragment may be partial 
or complete [42].

Repetitive throwing is considered to be one of 

the main etiological factors of osteochondritis 
dissecans of the capitellum. During the 
acceleration phase of throwing, the elbow joint 
may be stressed into a valgus position, and the 
capitellum may be subjected to compression 
and shear forces [43]. The acute flexion view 
of the elbow is the optimal imaging position to 
visualize an injury of the capitellum with skeletal 
scintigraphy [44]. 

Joint scintigraphy is valuable in the management 
of osteochondritis dissecans of the femoral 
condyles because of its superior sensitivity to 
changes in the lesion activity [45]. With planar 
views, focal hyperemia and intense radionuclide 
accumulation are seen in the site of the 
subchondral lesion with no uptake in avascular 
bone fragments [37]. The special intercondylar 
view, performed with the knee partially flexed 
to approximately 25 degrees and the camera 
positioned perpendicular to the tibial plateau, is 
helpful in the evaluation. Using this view, the 
area of involvement is seen without overlap, 
confirming the characteristic site and uptake of 
this process [46].

A potential clinical application of SPECT/CT 
in the knee in cases of delayed and suspected 
nonunion after surgery is the assessment 
of the surgeon regarding healing and 
integration of the osteochondral fragment 
and the decision whether the patient should 
be treated conservatively or re-operated on. 
In osteochondritis dissecans of the talus 
SPECT/CT also seems to be particularly 
helpful [47].

 � Avulsion injury

The ability of scintigraphy to reflect changes 
in bone physiology readily permits early 
identification of injuries such as avulsion lesions, 
stress fractures, and enthesopathies, the severity 
of which may not elicit secondary bone marrow 
edema, which is detectable by MRI. This is most 
pertinent for high-level athletes, for whom early 
diagnosis can prevent more serious sequelae 
[12].  

An unusual avulsion of the L4 spinous process in 
a professional rugby player has been described. 
SPECT and CT showed the lesion. Plain 
radiography and MRI did not reveal the injury 
[48]. 

Skeletal scintigraphy showed increased uptake 
in an avulsion of the pubic ramus in a swimmer. 
Radiographs of the pelvis were negative [49].
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Bone SPECT images also gave information 
in the evaluation of avulsion injury to the 
infrapatellar tendon insertion in the anterior 
tibia in active asymptomatic soccer players [50]. 
Damaged anterior cruciate ligaments were also 
identified with SPECT, occurring when there 
was avulsion of the tibial attachment in patients 
with acute knee pain [51].

 � Enthesopathy

Enthesopathy is a pathologic process at entheses, 
the sites of tendon, ligament or articular capsule 
firm attachment to bone [52].

Around the elbow, both lateral epicondylitis, 
which results from tennis, and medial 
epicondylitis, which results from golf, may be 
imaged using three-phase skeletal scintigraphy 
[53]. Epicondylitis of even a mild degree can 
be appreciated better in a magnified view of the 
elbow flexed to 1100 with the posterior humeral 
aspect placed on the face of the camera [54].

Osteitis pubis has resulted from a variety of 
sports activities. The use of skeletal scintigraphy 
in the appropriate clinical setting aids the 
diagnosis [55,56].

Bone SPECT images with a standard reference 
set of cross-sectional MRI/CT images make 
it much easier to identify enthesopathies and 
other soft tissue abnormalities of the knee, 
such as tendon injuries and bursitis, and also 
other internal derangements, such as meniscal 
injuries, ligament tears or strains, osteochondral 
injuries, bone bruising and fractures [12]. 

A case of injury of the insertion of the iliotibial 
band in an endurance athlete, where the three-
phase skeletal scintigraphy was positive and 
MRI negative, has been described [57].  

Plantar fasciitis and enthesopathy at the site 
of insertion of the long tendinous plantar 
aponeurosis into the calcaneal base have also been 
related to sports injuries and may be elucidated 
by planar three-phase skeletal scintigraphy 
(FIGURE 4) or SPECT/CT [4,58].

 � Joint injuries

In some sports, such as skiing, the number of 
joint injuries that occur is almost twice that 
of any other type of injury. Nuclear medicine 
procedures can be used to diagnose many 
acute injuries and most of the chronic joint 
abnormalities that arise in later years. The degree 
of metabolic activity in a joint, assuming that 
blood flow is maintained, is a reasonable guide 
to the activity of the arthritic process at any 
given time [59]. 

SPECT is very accurate, easy to perform and 
cost-effective. Additionally, it may give valuable 
information before MRI studies in the detection 
of meniscal tears and may be used successfully 
when MRI imaging is unavailable, unsuitable, 
inconclusive or conflictive with other clinical 
data. However, SPECT does not provide the 
anatomical detail that can be obtained with 
MRI [50,60]. Although the use of SPECT for 
the identification of meniscal damage yields 
a positive predictive value of 83%, the more 
useful clinical application in the investigation 
of patients presenting with acute knee pain 
lies in the negative predictive value of 91% 
[51]. Perhaps the major potential role that 
SPECT and planar skeletal scintigraphy offer 
are discriminating between potentially surgery-
demanding lesions and minor injuries/healthy 
knees where arthroscopy could be avoided. 
In patients in whom SPECT is positive, 
recognition of the pattern of abnormality is of 

Figure 4. Plantar fascitis in a 24y old professional football player. a. Blood-pool or tissue-phase image, lateral view. 1+ activity along the 
plantar fascia (arrows); 1+ = minimally increased activity, barely perceptible above the normal soft tissue or bone. b. Delayed image, medial view. 
2+ activity at the plantar aponeurosis (arrow); 2+ = moderately increased activity obviously greater than the adjacent soft tissue or bone and 
easily visualized. (Reprinted from HD Rupani, LE Holder, DA Espinola, et al. Three-phase radionuclide bone imaging in sports medicine. Radiology. 
156, 187-196 (1985). Copyright © RSNA, 1985. Used with permission.)  
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major assistance during arthroscopy [51,61]. 
SPECT/CT, PET/CT, and MRI can be used 
to assess patients after anterior cruciate ligament 
reconstruction [62,63].

Skeletal scintigraphy of the foot may be useful 
in sportsmen with capsular or ligamentous 
damage [64]. 

 � Osteonecrosis (avascular necrosis, 
bone infarction)

Osteonecrosis may be secondary to trauma [65].

By identifying a photopenic defect that is not 
evident on planar views, SPECT can contribute 
to the diagnosis of osteonecrosis of the femoral 
head [66].

In stage I osteonecrosis of the knee, radiographs 
are normal; at the same time, three-phase skeletal 
scintigraphy is already markedly abnormal [42].

In the fairly uncommon clinical entity of 
osteonecrosis of the sesamoid, three-phase 
skeletal scintigraphy contributes towards an 
early and accurate diagnosis [67,68]. Pinhole 
imaging is also useful in tiny bones such as tarsal 
navicula [69].

 � Impingement syndromes

Anterior ankle impingement can be caused by 
exostosis on the dorsal region of the tibiotalar 
joint, which may occur in soccer players (due to 
local and repeated microtraumas) at the cranial 
aspect of the talus and the navicular bone and 
at the anterior portion of the tibial surface [70]. 
Impingement exostoses, which form on strong 
feet, may be compatible with dancing for many 
years. Impingement is also found in young 
dancers with long, slender, flexible feet [71].

Posterior ankle impingement, caused by the 
same biomechanical mechanisms as the anterior 
one, is reported in dancers. This syndrome 
involves the posterior tubercle of the talus and 
the os trigonum, when it is present [70].

Knee impingement syndromes are very 
frequently reported in both professional and 
amateur sportsmen [72].

Radiography may be adequate for the diagnosis 
[71,73]. Skeletal scintigraphy and pinhole views 
can help [58,73,74,75]. SPECT/CT and MRI 
allow a proper and correct diagnosis [58,70,72]. 
Preoperative ankle SPECT/CT may also be 
helpful to clinically correlate the visual-analog-
scale pain score in the pre and postsurgical 
periods [76].

 � Complex regional pain syndrome I 
(Reflex Sympathetic Dystrophy)

This condition most commonly involves an 
extremity following even minor trauma. Three-phase 
skeletal scintigraphy remains a valuable imaging 
adjunct to clinical diagnosis. It can also be used 
to follow disease courses and potential treatment 
responses. It has significantly better sensitivity and 
negative predictive value than MRI and radiography 
in ruling out this disorder [77,78,79].

 � Back pain

Spondylolysis, which is higher in athletes who 
repeatedly have to hyperextend and rotate their 
lumbar spine, may be a cause of low back pain 
[80]. This injury may arise within gymnasts, 
javelin throwers, weightlifters, wrestlers, divers, 
ballet dancers, swimmers, and tennis players. 
Cricket and soccer are also associated with this 
bone stress response [80-83]. 

In the lumbar spine, skeletal scintigraphy with 
SPECT is ideal to diagnose the presence and 
activity of a spondylolysis lesion followed by 
limited computed tomography if scintigraphy 
is positive [84,85]. SPECT 1800 rotation 
posteriorly around the patient provides little 
to no reduction in resolution while reducing 
examination time by half. This 1800 acquisition 
can also be useful in studying obese individuals 
in whom the anterior data of a 3600 acquisition 
may be poorly attenuated [86].

When spondylolysis or spondylolisthesis is the 
cause of the low back pain, defects in the pars 
interarticularis are frequently associated with 
increased scintigraphic activity. SPECT imaging 
helps the clinician decide on whether surgery 
should be performed and when an athlete 
can return to competition. Normal skeletal 
scintigraphy in the presence of a radiographical 
pars fracture is consistent with an old, healed 
process, and the pars defect is unlikely to be the 
cause of the low back pain [87]. 

In young athletes with low back pain, SPECT/
CT skeletal scintigraphy has been shown to 
be useful in the detection of spondylolysis 
(FIGURE 5) and other common and 
uncommon etiologies (88). Also, pediatric 
athletes with low back pain and unilateral tracer 
uptake on SPECT at the pars interarticularis but 
no defect on radiographs have been evaluated 
[89]. PET/CT can also be valuable in evaluating 
the cause of back pain in young athletes early in 
the disease process [90]. 

Imaging Med. (2020) 12(3)16

REVIEW Pagou, Poulantzas



Degenerative change of the spine is often 
exacerbated by sports activity, and the three-
phase skeletal scintigraphy provides significant 
information [4]. In facet joint arthritis the 
high negative predictive value of high spatial 
resolution SPECT images allows radionuclide 
skeletal imaging to be used to investigate patients 
with spinal pain to undergo direct facet joint 
injection to the correct level [91,92]. Oblique 
SPECT sections allow for easier differentiation 
between the facet and pars interarticularis 
abnormalities, as well as improved imaging of 
hips and sacrum [93]. 

In the thoracic spine standard planar, SPECT, 
pinhole and planar prone magnified images 
have been described.

In the cervical spine, most abnormalities of 
concern are in the zygapophyseal or facet joints 
in any sport that involves rotational movement 
or loading of the cervical spine, such as rugby. 
With SPECT and multi-head gamma cameras, 
high-count tomographic images are readily 
achievable [12].

 � Rhabdomyolysis

Overuse is the most typical cause of 
rhabdomyolysis associated with extreme 
exercise. Various types of athletes may complain 
of muscle damage such as long-distance runners, 

hurdlers, football players and weightlifters. The 
individual muscles which are involved can 
often be well-delineated by planar imaging. 
However, the use of SPECT imaging has helped 
in locating which individual muscle groups are 
injured [59].

 � Uncommon injuries 

Accessory calcaneus described in a recreational 
basketball player can be well demonstrated on 
SPECT/CT [94].

In the assessment of a painful os intermetatarseum 
in a soccer player, skeletal scintigraphy was a 
useful diagnostic tool [95].

 � Lymphatic abnormalities

Lymphatic abnormalities related to intensive 
bicycling have been seen by three-phase 
lymphoscintigraphy of the legs [96]. A case 
of traumatic injury at hockey has also been 
described with lymphoscintigraphy [97].

 � Brain function and physical exercise

PET technology holds promise in managing 
sports-related concussions [98]. Nevertheless, 
there is no unique PET or SPECT “profile” 
that has been clinically validated with traumatic 
brain injury [99]. 

Figure 5. Isthmic spondylolysis: progressive lesion versus terminal stage of chronic nonunited lesion. (a) Sagittal SPECT/CT image in a 16y 
old female gymnast complaining of lumbar back pain showed intense increased uptake at the right L3 pars defect. Uptake at bilateral L3 pars 
fractures more prominent on the right is seen in axial SPECT image (b) suggesting progressive lesions more acute on the right; axial CT images at 
two slightly different levels of L3 vertebra (c,d) show bilateral fracture line defects. (e) Sagittal SPECT/CT image and axial SPECT image (f ) in a 19 y 
old female with remote history of cheerleading, presenting with low back pain showed no uptake on the chronic nonunited right L5 pars defect; 
axial CT images at two slightly different levels of L5 vertebra (g,h) showed fracture line and sclerosis on the right and sclerosis, overgrowth of the 
contralateral (left) posterior elements and lamina fracture due to stress and bony remodeling in an unstable posterior neural arch. (Reprinted 
from M Matesan, F Behnia, M Bermo, et al. SPECT/CT bone scintigraphy to evaluate low back pain in young athletes: common and uncommon 
etiologies. J. Orthop. Surg. Res. 11, 76, (2016). (The Author(s).2016. BioMed Central The Open Access Publisher. http://creativecommons.org/
licences/by/4.0/).
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PET ligand activation studies at the 
neurotransmitter level will potentially aid 
clinical applications of endurance training, both 
as a preventative or therapeutic intervention 
[100].

Discussion
In the present review, a variety of sports injuries 
are presented. Minor, mild or significant pain, as 
well as other symptoms, contribute substantial 
information in the diagnosis (TABLE 1).

Scintigraphy is a highly sensitive technique, and 
its role in sports medicine is not only restricted 
to lesions referred to above. 

Skeletal scintigraphy is widely available and 
relatively inexpensive to perform. It can show 
minor metabolic and lesion vascularity changes, 
and though it is not specific, recognizable 
patterns of abnormality often suggest a 
specific diagnosis in many cases. With a good 
history, good knowledge of anatomy and 
careful attention to detail, it can provide the 
physician with useful findings for the diagnosis 
and patient management. Normal skeletal 
scintigraphy rules out bony and soft tissue 
injuries. On the other hand, abnormalities in 
skeletal scintigraphy may be asymptomatic. 
Dynamic studies, static imaging, special views, 
magnification techniques, and pinhole imaging 
may aid in lesion detection. SPECT studies can 
improve localization. Thus, skeletal scintigraphy 
contributes to early and accurate diagnosis. 

Plain radiography is useful when positive, but 
skeletal scintigraphy may reveal abnormalities 
before there are any radiographic changes. 
Although CT provides exquisitely fine osseous 
detail, it may not be possible to be used routinely 

due to its high cost. Skeletal scintigraphy 
appears to be a good screening procedure that 
will identify patients who are likely to benefit 
from CT. SPECT/CT offers high diagnostic 
confidence and accuracy. The high cost of MRI 
in the initial evaluation may increase the cost 
of diagnosis. Skeletal scintigraphy may also 
detect MRI demonstrated lesions; however, 
some subtle bone lesions may be detected only 
on scintigraphy, though it does not provide the 
anatomical detail that can be obtained with 
MRI. Current experience suggests a large future 
role for PET and PET/CT imaging. 

The ability of skeletal scintigraphy and SPECT 
to detect athletic injuries early may have 
economic significance. The cost-effectiveness of 
nuclear medicine studies compared with other 
imaging modalities needs analysis and large-
scale prospective studies.

Lymphoscintigraphy has been shown to be an 
accurate means of lymphatic flow and lymph 
node evaluation.

Conclusion
A number of techniques in nuclear medicine in 
a plethora of sports may provide the physician 
with useful findings for diagnosis and patient 
management. Knowledge of the advantages and 
limitations of nuclear imaging modalities allows 
a satisfactory approach. Often, a combined 
imaging technique strategy, including anatomic 
and nuclear medicine imaging, used to reach an 
early and accurate diagnosis of athletic injuries 
may be clinically necessary.
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Table  1.  Sports injuries and associated symptoms.
Bone stress: Dull pain; exercise-induced pain; tenderness 
Stress fracture: Pain at rest; exercise related pain relieved by rest; persistent and increasing pain; tenderness; swelling; cramping    sensation; 
deformity
Occult fracture: Pain; tenderness; swelling 
Periosteal reaction: Acute and chronic pain; intermittent pain
Osteochondritis dissecans: Slight pain; pain usually aggravated by activity and relieved by rest
Avulsion injury: Intense and sudden pain; swelling; bruising
Enthesopathy: Annoyance; pain
Joint injuries: Acute and chronic pain; swelling; incapacity; dislocation
Osteonecrosis: Acute pain; swelling; tenderness; hyperthermia; motion impairment
Impingement syndromes: Pain; swelling; tenderness
Complex regional pain syndrome I: Pain; tenderness; swelling; redness; stiffness
Spondylolysis: Low back pain
Rhabdomyolysis: Weakness; pain
Lymphatic abnormalities: Swelling
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