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R E V I E W 

Earthquakes from a radiological perspective: what is demanded from 
the radiologists, and what can we do? A pictorial review

ABSTRACT
Earthquakes are among the most destructive and unpredictable natural disasters. Various diseases 
and ailments, such as bone fractures, organ and soft-tissue injuries, cardiovascular diseases, lung 
diseases, and infectious diseases, can develop in the aftermath of severe earthquakes. Digital ra-
diography, ultrasound, computed tomography, and magnetic resonance imaging are significant 
imaging modalities utilized for the quick and reliable assessment of earthquake-related ailments to 
facilitate the planning of suitable therapy. This article examines the usual radiological imaging char-
acteristics observed in individuals from quake-damaged regions and summarizes the strengths and 
functionality of imaging modalities. In such circumstances, where quick decision-making processes 
are life-saving and essential, we hope this review will be a practical reference for readers.
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Earthquakes are among the most destructive and unpredictable natural disasters.1 A 
magnitude 7.7 foreshock occurred in the epicenter of the Kahramanmaraş earthquake at 
04:17:35 (UTC +03:00) on February 6, 2023. Then, at 13:24:49 (UTC+03:00), another earth-

quake of magnitude 7.6 occurred with its epicenter in Kahramanmaraş-Elbistan (Figure 1).2,3 
The natural calamity devastated 10 cities, and thousands of injured individuals were taken 
to hospitals throughout Turkey. In the first month after the earthquake, it was reported that 
46,104 people had perished and over 100,000 were injured as a result of the quakes centered 
in Kahramanmaraş.4

Various diseases and ailments, such as bone fractures, organ and soft-tissue injuries, car-
diovascular diseases, lung diseases, and infectious diseases, can develop in the aftermath of 
severe earthquakes. Digital radiography (DR), ultrasound (US), computed tomography (CT), 
and magnetic resonance imaging (MRI) are significant imaging modalities utilized for the 
quick and reliable assessment of earthquake-related ailments to facilitate the planning of 
suitable therapy.5
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Based on previously published experi-
ences after major earthquakes, this article 
examines the typical radiological imaging 
characteristics observed in individuals from 
quake-damaged regions and summarizes 
the strengths and functionality of imaging 
modalities. In this way, it aims to provide a 
practical source of information to radiolo-
gists during fieldwork in large-scale disasters 
where rapid diagnosis is of great importance.

Imaging method availability and utility

Ultrasound: US is the most useful and 
accessible method, both at the time of the 
disaster and in the following six-hour pe-
riod. The main reason for this is the energy 
requirement of imaging methods. As the 
sole method of cross-sectional imaging ac-
cessible while CT was unavailable, US was 
widely utilized (it is easy to get to, can be 
used on the go, and helps doctors figure out 
which injuries are superficial and which are 
internal). US proved invaluable in the initial 
phases following the disaster, especially in 
the absence of CT, and should be incorporat-
ed into local disaster or mass-casualty strat-
egies.6 Larger devices are less useful than 
portable ones. Even in the absence of bio-
chemical laboratory tests, portable ultraso-
nography instruments can aid in narrowing 
the differential diagnosis or ruling out more 
serious illnesses. It is portable, simple, and 
painless, and in many instances, it has pro-
vided rapid results.7 

Focused Assessment with Sonography for 
Trauma (FAST) is the main sonographic meth-
od for earthquake-related ailments (Figure 
2). After Hurricane Katrina, 9/11 in New York, 
the Lebanon War in 2006, and the Iran earth-
quake in 2010, FAST was found to be success-
ful in assessing and triaging patients during 

periods of high patient volume. In the acute 
post-disaster phase, it can be utilized to 
check for hemothorax/pneumothorax, solid 
organ injury, fractures, pregnancy and vascu-
lar investigations, pediatric head scans, and 
intravenous access help.8 A clinician can per-
form FAST with the same sensitivity but less 
specificity compared to a radiology assistant. 
In addition, FAST can reduce the number of 
needless CT scans. In a study conducted after 
an earthquake in Christchurch, New Zealand, 
it was seen that the imaging method most 
frequently used and most accessible by phy-
sicians providing post-disaster health care 
was US (especially FAST).7,8

Computed tomography: Power cuts 
and damage to health centers at the time 
of disasters seriously restrict the use of CT. 
It has been shown that the first use of CT in 
the delivery of health care to earthquake 
victims may extend to the fifth hour after 
the earthquake.6 Pan-CT examinations, if 
available, can guide emergency surgeries; 
nevertheless, in situations with a high pa-
tient volume, it is impossible and imprac-
tical to perform pan-CT on every patient. 
Therefore, FAST-guided CT examinations 
provide better and more effective results,8 
and contrast-enhanced CT examinations 
should be approached with extreme cau-
tion. In circumstances that impede kidney 
function, such as crush syndrome caused 
by earthquakes, the use of contrast material 
may induce severe complications. Again, if 
contrast agent extravasation occurs in cases 
with compartment syndrome induced by 
earthquake-related traumas, the situation 
may worsen. However, in some special cas-
es, such as suspected major vascular inju-
ry, dissection, or pulmonary embolism in a 
clinical examination, intravenous contrast 
agents can be administered without waiting 
for the results of the patient’s kidney func-
tion tests.9

Digital radiography: The use of DR is also 
limited, for the same reasons as CT; howev-
er, DR can be commissioned more quickly 
because its energy requirement is less than 
CT. The fact that mobile DR devices allow 
bedside examinations provides great conve-
nience, especially in cases with limited mo-
bility. Versatile DR applications performed at 
the bedside are an important alternative in 
cases where CT cannot be reached. Howev-
er, the fact that the batteries of these devices 
are sufficient for a finite time limits their use 
if there is a charging problem.6

Magnetic resonance imaging: Due to 
the possibility of quenching (quenching is the 
quick release of the liquid cryogen that keeps 
the MRI magnet in a superconducting state. If 
gas leaks into a room instead of leaving the 
building after an earthquake or other disaster, 
there is a chance of suffocation and freezing) 
MRI should not be utilized immediately fol-
lowing an earthquake.6,8

Reporting alternatives

Serious difficulties have been experi-
enced in accessing radiological images 
during disasters. For this reason, the ideal re-
porting method is verbal reporting if there is 
an opportunity to work closely with the clini-
cian. In cases where there is no opportunity 
to work in close contact, written reports that 
provide short and concise information and 
that can be created quickly come to the fore-
front.6 After the recent earthquake disaster, it 
is satisfying that a system that allows remote, 
fast, and effective reporting was established 
very quickly (Figure 3).

Earthquake-related injuries

Traumatic injuries

Annually, earthquakes are the most le-
thal of all natural disasters. Between 2007 
and 2017, 350,000 people died and over one 

Main points

•	 Earthquake-induced power outages may 
limit the use of computed tomography and 
digital radiography and the risk of quench-
ing may limit the use of magnetic resonance 
imaging.

•	 Ultrasonography, especially Focused As-
sessment with Sonography for Trauma, 
stands out as the most accessible and func-
tional imaging method in disaster situations 
such as earthquakes.

•	 Contrast medium should be used with ex-
treme caution due to the risk of rhabdomy-
olysis-related nephropathy.

•	 Knowing the typical features and distribu-
tion of earthquake-related injuries is im-
portant for rapid diagnosis and the detec-
tion of accompanying pathologies.

Figure 2. Intra-abdominal hemorrhage. The patient was trapped for 12 hours by earthquake debris. Eight-
year-old boy, Focused Assessment with Sonography for Trauma ultrasonography images. (a) Axial view of 
the lower abdominal quadrant, diffuse free fluid with multiple internal echogenicities is seen between the 
inframezocolic bowel loops (thin arrows); (b, c) in more inferior sections, free fluid (thin arrows) with multiple 
internal echogenicities in the lower abdomen/pelvic region. Fluid–fluid leveling within the hemorrhage 
(thick arrows).
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million were injured. Earthquakes appear to 
have a death-to-injury ratio of approximately 
1:3–4,10 though this is variable depending on 
the severity of the injury. 

In studies conducted both in our coun-
try and globally, it has been shown that the 
most common injuries after earthquakes are 
traumatic injuries, and the most needed in-
terventions are orthopedic procedures. De-
bridement was the most common operation, 
followed by open reduction internal fixation 
and then closed reduction-casting.11-13

Earthquake-related traumatic injuries are 
most common in the extremities, particularly 
the lower extremities. In order of frequency, 
extremities are followed by the thorax (Fig-
ures 4, 5), spinal injuries (Figures 6, 7), pelvic 
fractures, cranial and maxillofacial injuries, 
and abdominal traumatic findings (Figure 
8).14 The femur is the most often injured bone 
in the extremities, followed by the tibial shaft 
and the ankle (Figures 9, 10). The humerus 
is the most often injured bone in the upper 
limb (Figure 11).15 It has been shown that 
earthquake-related lower extremity frac-
tures, unlike other traumas, have a high rate 
of being multiple and comminuted (Figure 
12).16,17 The characteristics of earthquake-re-
lated fractures seen in children are similar to 
adults; fractures are most commonly seen in 
the lower extremities, and external fixation is 
usually required.18

Pelvic fractures are generally seen as 
multiple and bilateral (Figure 13). In a study 
conducted in China, the most common pel-
vic fracture subtype was reported as type C, 
followed by type B3 and type B2.19 In a study 
conducted in Turkey, type C2 fractures were 
found most frequently, similar to the Chinese 
data (Table 1).20,21

When the distribution of maxillofacial 
traumas is examined, it is seen that mandibu-
lar fractures are the most common, followed 
by the zygomatic complex and maxilla. Sim-
ilar to lower extremity fractures, multiple 
and comminuted fractures are common. 
Cranial injuries and lower extremity fractures 
are the most common types of injuries to 
accompany maxillofacial fractures (Figure 

14).22,23 Some studies report that nasal bone, 
ethmoid bone, and orbital fractures are also 
common. Maxillofacial fractures are injuries 
that require a multidisciplinary approach 
due to the complex anatomy of the region 
and the frequent occurrence of accompany-
ing cranial traumas.23

Additionally, one of the disorders asso-
ciated with earthquakes is aggressive rhab-

Table 1. Tile classification of pelvic fractures

Type A
(the pelvic ring is stable both rotationally and 
vertically)

A1: The fracture is observed, but the pelvic ring is not 
affected

A2: A pelvic ring fracture is noticed, but the pelvic 
ring is stable

Type B
(the pelvic ring is vertically stable but 
rotationally unstable)

B1: The appearance is likened to an open book

B2: Detecting ipsilateral lateral compression

B3: The contralateral or bucket handle injury pattern 
is examined for lateral compression.

Type C
(both rotationally and vertically, the pelvic 
ring is unstable)

C1: Unilateral

C2: Bilateral

C3: Associated with acetabular fracture
Figure 3. Workload management after the 
earthquake.

Figure 4. Traumatic pneumothorax, pneumomediastinum the patient was trapped for 19 hours by 
earthquake debris. Forty-three-year-old male. (a) On the axial images passing through the upper thoracic 
region, multiple air densities in the mediastinum (thin black arrows, pnomomediastinum), air densities near 
the left lung upper lobe (asterisk, pneumothorax), and diffuse subcutaneous emphysema more dominantly 
in the left hemithorax are seen (thick black arrows). (b) Pneumomediastinum (thin black arrows) and diffuse 
subcutaneous emphysema (thick black arrows) are seen in the axial sections passing through the middle 
part of the thorax. (c, d) Displaced rib fracture and extension of bone fragment into lung parenchyma on 
bone window axial section images are seen (thick white arrows). (e) Diffuse subcutaneous emphysema 
(thick black arrows) is seen in the axial sections passing through the inferior part of the thorax. (f) 
Pneumomediastinum (thin black arrows), pneumothorax (asterisk) and diffuse subcutaneous emphysema 
(thick black arrows) are seen in the coronal images.
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domyolysis, which appears heterogeneously 
hypodense on CT. On post-contrast images, 
there may be rim enhancement. Rhabdo-
myolysis exhibits more diverse findings on 
MRI. It is also possible to detect the status 
of myonecrosis with MRI findings; in mild to 
moderate cases, damaged muscles exhibit 
edema, with signal intensity matching the 
severity of the injury. If severe myonecrosis 

occurs, two different patterns can be seen: 
(a) homogeneously iso/hyperintense on 
T1 weighted images (WI), homogeneously 
hyperintense on T2WI/short tau inversion 
recovery homogeneously enhancing on 
postcontrast T1WI, and (b) homogeneous-
ly/heterogeneously hyperintense on T1WI, 
heterogeneously hyperintense on T2WI, 
rim-like enhancement on postcontrast T1WI  

(Figure 15).24 Based on data from an exper-
imental animal study, contrast-enhanced 
ultrasonography (CEUS) is effective in the 
prehospital or bedside diagnosis of rhabdo-
myolysis. The study revealed that, compared 
with uninjured muscles, injured muscles 
showed early and high enhancement in 
CEUS images.25

Acute compartment syndrome is a sur-
gical emergency that poses limb- and 
life-threatening risks. It is a painful condition 
brought on by increased intracompartmen-
tal pressure, which compromises perfusion 
and causes muscle and nerve damage inside 
the affected compartment. The diagnosis 
of acute compartment syndrome is based 
on clinical symptoms and measurements of 
compartmental pressures. Utilization of im-
aging techniques is often restricted, and in 
some instances, imaging can delay diagno-
sis and surgical therapy. In addition to the 
aforementioned signs of rhabdomyolysis, 
MRI reveals herniation of muscle through a 
tear in the surrounding fascia. In addition, CT 
angiography and color Doppler US can be 
utilized to detect vascular luminal constric-
tion due to elevated intracompartmental 
pressure (Figure 16).26,27

Non-traumatic injuries

Cerebrovascular diseases: The increase 
in blood pressure and heart rate caused by 
the activation of the sympathetic nervous 
system in those impacted by a natural disas-
ter is known as “disaster hypertension”.28 Hy-
pertension is connected with an increased 
risk of stroke (Figure 17) and heart attack and 
is one of the primary causes of cardiovascular 
disease. In addition, various challenges con-
nected with evacuee life (such as poor diet 
and water, difficulty obtaining regular medi-
cine, and mental stress) may have a negative 
impact on disaster hypertension, resulting in 
cerebrovascular strokes and cardiovascular 
disorders. It was known that several of the pa-
tients in the evacuation facilities had suffered 
cerebrovascular attacks.29 One month after 
an earthquake, spinal subdural and epidural 
hematomas that were not caused by trauma 
were also observed. It has been claimed that 
irregular use of antiplatelet medications and/
or an uncomfortable posture resulting from 
spending nights in certain vehicles are po-
tential risk factors for these types of hema-
tomas.5

Cardiovascular diseases: Heart failure 
(HF), lower-extremity deep vein thrombosis 
(DVT), and pulmonary thromboembolism 
(PTE) are among the leading non-traumatic 

Figure 5. Diffuse alveolar hemorrhage. The patient was trapped for 22 hours by earthquake debris. Forty-
three-year-old male. Diffuse widespread ground glass opacities and consolidations. (a, c, e) Axial images 
from different levels; (b, d) coronal images from different levels; (f) sagittal. 
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Figure 6. Type 2 odontoid fracture. The patient was trapped for 9 hours by earthquake debris. Thirty-nine-
year-old male. A fragmented and displaced fracture of the odontoid process (arrows) is seen on axial (a) and 
coronal (b) computed tomography images. 
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diseases associated with earthquakes (Fig-
ures 18, 19).30,31 While HF increases occur over 
long periods, such as into the seventh week 

after the earthquake, PTE and DVT cases in-
crease closer to the occurrence of the earth-
quake. In addition, DVT and PTE more com-

monly affect women; it is thought that the 
primary reason for this is the combination of 
oral contraceptives with prolonged sitting or 
inadequate living conditions.30,31

Infections: Problems in clean water sup-
ply and sewage systems and poor housing 
conditions in evacuation centers are the main 
causes of post-disaster infections. Respirato-
ry and gastrointestinal infections constitute 
the most common group, and increased cas-
es of meningoencephalitis have also been 
reported after disasters (Figure 20).32,33 It has 
been shown that common orthopedic inju-
ries are accompanied by wound infections in 
approximately 20% of cases.33 

Interventional radiologic procedures: 
In disaster situations such as earthquakes, 
where access to CT and fluoroscopy devices 
is limited, interventional radiological proce-
dures cannot be widely performed. However, 
it is seen that the procedures performed un-
der US guidance are practical and life-saving. 
Tube thoracotomies, pleural hemorrhage 
drainage, and central venous catheter proce-
dures are the main life-saving interventional 
radiology applications in disaster areas.34

Injuries with high mortality risk and foren-
sic medicine–radiology cooperation

Immediate deaths are those that result 
from catastrophic injuries sustained during 
the earthquake. Severe trauma to the brain 
or spinal cord is a common cause of such in-
juries, and in most cases, these patients can-
not be saved. Other earthquake victims die 
rapidly within the first few hours following 
the catastrophe, and historical experience 
indicates that mortality could be drastical-
ly decreased if treatment is administered 
promptly. These people suffer subdural he-
matomas, lacerations to the liver or spleen, 
and pelvic fractures. The third peak of mor-
tality, which comes days to weeks following 
the earthquake, is caused by sepsis, multi-
system organ failure, and disseminated intra-
vascular coagulation. These individuals have 
the highest possibility of being saved since 
they succumb to injury complications more 
slowly.35

Unfortunately, one of the post-disaster 
medical efforts is to determine the identities 
of those who lost their lives. At this point, 
forensic medicine physicians can also apply 
imaging methods. Considering the possibil-
ities that the disaster environment can offer, 
it has been determined that the most fre-
quently used method is dental radiographs. 
It is known that MRI and CT are highly func-
tional in determining and clarifying the 

Figure 7. Traumatic listhesis and spinal cord injury. The patient was trapped for 31 hours by earthquake 
debris. Forty-one-year-old male. Retrolisthesis due to burst fracture of the L5 vertebrae (arrows) on the L5-
S1 level. Spinal cord transection is seen on coronal Short tau inversion recovery (STIR) (c, arrows point to the 
two dissected edges of the spinal cord) (a) coronal computed tomography (CT) image, (b) axial CT image, 
(c) coronal STIR, (d) axial T2 weighted image.
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Figure 8. Different patterns of traumatic abdominal injury. The patient was trapped for 35 hours by 
earthquake debris. Forty-seven-year-old male (a) American Association for the Surgery of Trauma (AAST) 
grade III injury in the right lobe-segment VII. (b) Left surrenal hematoma (circle), large perisplenic hematoma 
(arrows), splenic arterial injury, and corresponding contrast medium extravasation (thick arrow) (AAST 
grade V injury). (c) Large perisplenic hematoma (arrows), splenic arterial injury, and corresponding contrast 
medium extravasation (thick arrow). Sudden luminal narrowing in the left renal artery (circle) observed 
secondarily to blunt trauma. (d) Renal parenchymal infarct (arrows) due to the arterial narrowing shown in 
d (AAST grade V injury).
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Figure 9. Intertrochanteric femur fracture. It was not possible to determine how long the patient was trapped by earthquake debris. Thirty-eight-year-old male. 
Displaced and comminuted fracture (arrows) in the right femoral intertrochanteric region on the coronal (a) and three-dimensional reconstruction (b) computed 
tomography images.

ba

Figure 10. Distal tibial fracture. It was not possible to determine how long the patient was trapped by earthquake debris. Thirty-year-old male. (a) Medial cortical 
depression and internal displaced fracture (arrow) are seen in the distal metaphyseal–diaphyseal part of the tibia on axial (a), coronal (b), and sagittal (c) computed 
tomography images.

b ca

Figure 11. Proximal humeral fracture. It was not possible to determine how long the patient was trapped by earthquake debris. Sixty-year-old female. Fracture is 
seen in the surgical neck of humerus fracture (arrows) (a: axial view, b: coronal view, c: three-dimensional image).

b ca

Figure 12. Multiple lower extremity fractures. The patient was trapped for 23 hours by earthquake debris. Thirty-three-year-old male. Minimally displaced fractures 
are present in the medial malleolus of the tibia and distal metaphysis of the fibula on X-ray (a), coronal computed tomography (b), and three-dimensional 
reconstruction (c) images. 
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Figure 13. Pelvic and humeral fractures. The patient was trapped for 29 hours by earthquake debris. Seventy-six-year-old male. Displaced and comminuted fractures 
are seen in the left acetabulum and femoral neck (thin arrows) on axial (a) and coronal (c) computed tomography (CT) images. Large intramuscular hematoma 
due to the fractures is present on axial CT image (b, thick arrow). The fractures extend towards the iliac wing and inferior pubic ramus on the three-dimensional 
reconstruction image (d, arrow, Tile type A2 fracture). 

a
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Figure 14. Multiple maxillofacial fractures and accompanying cranial hemorrhage. The patient was trapped for 17 hours by earthquake debris. Forty-four--year-old 
male. Multiple displaced fractures (thin arrows) are seen in maxillofacial bones in axial (a, b) and 3D reconstruction (c) computed tomography images. Extensive 
subdural hemorrhage causing a shift in midline structures accompanies the fractures (d, thick arrows).
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Figure 15. Rhabdomyolysis. The patient was trapped for 39 hours by earthquake debris. Twenty-year-old male. Rhabdomyolysis due to brachial plexus damage 
secondary to cervical fracture. Rhabdomyolysis (arrows) is seen as hyperintense on short tau inversion recovery (a) and it enhances on post-contrast T1 weighted 
image (b). The displaced fracture in the bilateral arch of the C7 vertebrae (arrows) is seen in axial (c) and coronal (d) sections on computed tomography.
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d

Figure 16. Compartment syndrome and rhabdomyolysis. The patient was trapped for 51 hours by earthquake debris. Thirty-four-year-old male. Left lower extremity 
is larger and subcutaneous edema is present (a-e). Common femoral artery, superficial femoral artery (SFA), and deep femoral artery are normal in the proximal 
segments of the left lower extremity (a-c). Due to increased intracompartmental pressure, left SFA narrows suddenly (d, g, h, arrows). Semitendinosus (e, circle) and 
gastrocnemius (f, arrows) muscles are hypodense; there is a ring-enhancing lesion in the popliteus muscle (f, circle) due to rhabdomyolysis.
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Figure 17. Acute cerebral infarction. Forty-four-year-old male, diagnosed 50 hours after being rescued from rubble. Ischemic brain parenchyma is seen as a 
hypodense area on computed tomography (a); corresponding diffusion restriction can be seen on diffusion-weighted imaging (b) and apparent difussion 
coefficient map (c). 

a b c

Figure 18. Deep vein thrombosis. Fifty-three-year-old female, diagnosed after rescue after 13 hours in the rubble. Thrombosis is seen in the superficial femoral vein 
(arrows) on grayscale ultrasound (a), axial (b), and longitudinal color Doppler ultrasonography images (c). 

a b c

Figure 19. Pulmonary thromboembolism (PTE). The patient was trapped for 41 hours by earthquake debris. Forty-seven-year-old female. Filling defect corresponding 
to PTE, detected after 72 hours from the rescue from a rubble, is seen on axial (a, arrow) and coronal (b, arrow) images. A peripheral lung necrosis due to PTE is seen 
on the axial image with parenchymal windowing (c, arrow). 

a b c



 

Radiological approach and imaging after an earthquake • 39

 

Figure 20. Viral meningitis (a, b) and tuberculous meningitis (c, d). Forty-three-year-old female and 73-year-old male, respectively. The images were obtained after 
53 and 83 hours in the rubble, respectively. 

Viral meningitis: left tentorium cerebelli is seen thickened and hyperintense on T2 weighted image (WI) (a, arrow), left temporal lobe and neighboring dura is 
hyperintense on T2WI (a, double arrow) (a), increased contrast enhancement is present in both corresponding areas (b). 

Tuberculous meningitis: faint hyperintensities are present in the bilateral basal areas of the temporal lobes on fluid attenuated inversion recovery (c, arrows); 
increased contrast enhancement and ring-enhancing lesions can be seen in both corresponding areas (d, arrows). 

a b
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cause of death, but, unfortunately, the use 
of both methods is limited. The main reasons 
for this are the great need for life-saving in-
terventions for these imaging methods and 
the large number of bodies that need to be 
examined in an environment where there is 
mass loss of life. In addition, it has been ob-
served that many radiologists do not have 
enough experience in forensic imaging.36,37

In conclusion, in earthquakes and simi-
lar disaster situations, the need for imaging 
methods increases, and imaging plays an im-
portant role in saving lives. Due to the con-
straints in energy supply and easy accessibil-
ity, US examinations–especially FAST–have 
become the most useful method. Knowing 
the most common injuries, typical imaging 
findings of these injuries and their accompa-
nying pathologies will help save more lives. 
Reporting procedures in close contact with 
the clinician, verbally or in the form of short 
notes, seems to be the most useful method. 
It should not be forgotten that the establish-
ment of remote reporting systems is a prac-
tical and effective solution in cases where 
there is excessive demand.
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