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Summary
Plain abdominal radiography is a tool available in almost any health institution. Medical professionals 
have difficulties in its interpretation which, in addition to its inherent limitations, casts doubt on 
the usefulness of this imaging method. Since its main emergency indication is abdominal pain with 
suspected intestinal obstruction, it is imperative to approach its analysis in an orderly manner, 
putting into practice previous knowledge of abdominal anatomy, technical requirements for 
adequate image acquisition, analysis of intra-abdominal gaseous pattern, solid organs, calcifications, 
foreign bodies and medical devices.

Resumen
La radiografía de abdomen simple es una herramienta disponible en casi cualquier institución 
de salud. Los profesionales médicos tienen dificultades en su interpretación, lo cual, además de 
sus limitaciones inherentes, pone en duda la utilidad de este método de imagen. Dado que su 
principal indicación de urgencia es el dolor abdominal con sospecha en obstrucción intestinal, es 
imperativo abordar su análisis de forma ordenada, poniendo en práctica los conocimientos previos 
de la anatomía abdominal, los requisitos técnicos para la adecuada adquisición de la imagen, el 
análisis del patrón gaseoso intraabdominal, los órganos sólidos, las calcificaciones, los cuerpos 
extraños y los dispositivos médicos.

Introduction
Abdominal radiography is one of the diagnostic 

modalities for the approach of abdominal pathologies, 
including, in some circumstances, thoracic pathologies 
(1, 2). However, after the advent of computed axial 
tomography (CT) it has lost relevance, since it has a 
lower diagnostic yield compared to other diagnostic 
modalities (3-5). Nevertheless, it is useful in the eva-
luation of some entities, especially in low complexity 
medical centers (6). This article aims to provide the 
necessary knowledge for a systematic approach to 
abdominal radiography, emphasizing the distribution 
of the intestinal gas pattern.

1. General Information

Indications
Abdominal radiography is useful in the patient 

with poorly localized abdominal pain, whether or not 
associated with other symptoms or clinical signs, and 
its main utility is the diagnosis of intestinal obstruction 
and its complications (7, 8). However, it is also useful to 

evaluate the position of medical devices and the search 
for foreign bodies (9).

Technique
An adequate abdominal radiography covers from 

the pulmonary bases to the pubic symphysis, both 
in its anteroposterior projection and in the standing 
position (10) (Figure 1). If the clinical condition of 
the patient warrants it, an anteroposterior projection 
should be performed with the patient in left lateral 
decubitus while the beam is incident horizontally to 
facilitate the visualization of the hydro-aerial levels 
or intra-abdominal free air (11) (figure 1). There are 
special posteroanterior projections in prone decubitus 
and anteroposterior in right lateral decubitus while the 
beam is irradiated horizontally, in order to evaluate the 
mechanical colonic ileus (11, 12).

Radiological anatomy
To understand the disease, the normal abdominal 

anatomy must be understood. The difference between 
the densities of the adjacent organs and fatty tissue 
makes it possible to identify the normal characteristics 
of the abdominal structures (13). Figure 2 represents 
the normal anatomy.
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Figure 1. Projections in (a) standing 
and (b) left lateral decubitus with AP 
incident beam with perpendicular and 
horizontal beam, respectively, in an el-
derly patient, whose clinical condition 
made it difficult for her to sit up. The 
left lateral decubitus projection with 
horizontal beam allows the detection 
of extraluminal gas over the radio-
opaque silhouette of the liver.

Figure 2. Normal anatomy. Supine abdominal radiographs. a) The red line delimits the lower hepatic contour, the green lines delimit the contours of both kidneys, 
the blue lines delimit the contours of both iliac psoas muscles and the yellow line delimits the lateroconal fascia. b) The yellow lines show the renal silhouettes, 
in red the splenic silhouette. c) The yellow lines delimit the gas within the gastric cavity, the green line the gas within the duodenum, and the red-wine line the 
gas of the transverse colon. d) The blue line delimits the bladder dome of a patient with acute urinary retention.

Figure 3. Proposed approach scheme.
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Systematic evaluation
According to the approach proposed by Loo and collaborators 

(14), the analysis can begin with the identification of medical devices, 
followed by the evaluation of solid organs, retroperitoneal fatty lines 
or soft tissues of the abdominal wall, bones, calcifications or foreign 
bodies and, finally, the pattern of intra- and extraluminal intestinal gas 
(14). However, in our practice, the intestinal gas distribution pattern 
is of vital importance, which is why we recommend that it be the first 
item to evaluate (Figure 3).

2. Intestinal gas pattern

Normal distribution
It is considered normal to find gas in the gastric chamber, as 

well as in the first and second portions of the duodenum, colon and 
rectum. It is also normal to find up to two hydroaerial levels with a 
symmetrical arrangement in the same loop of the small intestine, in 
the transverse colon, sigmoid and rectum. In the colon, gas allows us 
to see the haustras as intraluminal indentations that do not cross the 
entire intestinal diameter. They are 1-4 mm thick and have a space 
of 1 cms between each one (12). Sometimes, the hepatic angle of the 
colon ascends to the inferior contour of the right hemidiaphragm, 
which is known as Chilaiditi’s sign (15).

Abnormal distribution: how to interpret it
Occasionally, it is possible to demonstrate an abdominal radio-

graph without intestinal gas, a finding that is nonspecific, since it 
may be suggestive of benign or highly serious conditions. Among 
the causes of benignity is increased intestinal transit in episodes of 
viral gastroenteritis (16).

Generalized ileus
It is defined as the cessation of the normal propulsive peristalsis 

of the intestine, of non-mechanical cause, such as postoperative 
functional alteration, inflammation, neurological deficit of the mesen-
teric plexus, hydroelectrolytic or metabolic alterations (12-17, 18). It 
is evidenced as dilatation of the small bowel loops with a diameter 
greater than 3 cms, associated with at least two hydro-aerial levels 
with similar diameter in a U-shape, and concomitant dilatation of 
large loops greater than 6 cms (14-19,20). However, the cecum can 
present dilatation of up to 10 cms (14) (figure 4).

Focal ileus
It is defined as the alteration of normal propulsive peristalsis in 

a determined segment of the intestine, usually due to inflammatory 
or infectious processes of adjacent organs (21). The cardinal sign for 
its diagnosis is the sentinel loop, which is visualized as a set of one 
to three thin loops partially or totally distended in specific regions of 
the abdomen, for example, in the left hypochondrium, suggestive of 
acute pancreatitis (22).

Intestinal obstruction of small bowel loops
Intestinal obstruction is understood as the cessation of the transit 

of intestinal contents due to a mechanical cause, whether extrinsic, 

intrinsic or intraluminal. The most frequent cause is due to adhesions 
or postoperative flanges, included in the group of extrinsic etiologies 
(23). Unlike adynamic ileus, mechanical obstruction shows multiple 
thin loops with a dilatation greater than 2.5 cms in diameter, and 
more than two staggered hydroaerial levels, i.e. with a difference 
in height greater than 2 cms. In the standing projection a J-shaped 
pattern can be seen where the diameter of the hydroaerial levels is 
asymmetrical (23, 24) (Figure 5). In addition, it is usual to see little 
or no gas in the rectal or sigmoid ampulla, since in the absence of 
intestinal ischemia, the intestinal segment distal to the obstruction 
will remain with normal peristalsis until it evacuates all its contents in 
a normal mechanism to try to relieve the obstruction (12). However, 
in the case of very acute processes, it is still possible to visualize gas 
in the sigmoid and/or rectum. Another characteristic sign in standing 
projections is the “bead necklace”, in which air bubbles are visualized 
between the connivent valves in an obstructed intestine full of liquid 
(25) (Figure 5A).

Intestinal obstruction of large bowel loops
The pathophysiological mechanism is similar to mechanical obs-

truction of the small bowel. Its most frequent cause is colon cancer 
(26). As the sigmoid is the narrowest and most redundant portion of 
the colon, it is the most susceptible to mechanical obstruction (26). 
Regarding the point of intestinal obstruction, the proximal loops dilate 
more than 6 cms, with the exception of the cecum whose starting point 
is 9 cms (27). Higher numbers increase the risk of rupture, associated 
with collapse of the distal colon and accumulation of gas and feces 
(27). It is usual to find pathological patterns of colonic gas in the 
form of volvulus or closed loop intestinal obstruction, in which an 
intestinal loop is obstructed at two different points using the mesentery 
as a pivot, increasing the risk of intestinal ischemia (12) (Figure 6).

The sigmoid colon is the most frequent site of occurrence of 
this phenomenon, probably because of its length and redundancy. 
It is more usual in older patients with chronic constipation and high 
fiber diet (12, 28, 29). In the images the classic signs are the “coffee 
bean sign” (figure 7) (30) and the “northern exposure sign”, the latter 
characterized by the apex of the dilated sigmoid colon surpassing the 
transverse colon and pointing to the right hemidiaphragm, associated 
with the absence of rectal gas (31). As for the cecum or right colon, it 
is possible that it presents torsion as long as its union to the posterior 
parietal peritoneum is incomplete (12). The excess of mobility allows 
the displacement of the caecum volvulus to other regions of the ab-
domen, frequently the mesogastrium or the left hypochondrium. In 
the images a blind, distended loop of colon will be observed, with an 
indentation in its medial contour (representing the ileocecal valve), 
with staggered hydroaerial levels (12). This type of volvulus is rare; 
however, it is part of the range of differential entities of mechanical 
obstruction of the large bowel.

3. Gases in other locations

Air in the intestinal wall
Intestinal pneumatosis is the accumulation of gas between the walls 

of the intestine. It usually occurs due to iatrogenic causes, ischemia, 
chronic obstructive pulmonary disease, chemotherapy, collagen-
vascular diseases, scleroderma, Whipple’s disease, among others (32). 
In the abdominal radiography, round or linear radiolucent images can 
be observed in the form of small bubbles between the thickness of the 
intestinal wall (12, 14, 33, 34).
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Figure 4. Abdominal X-ray in the supine position. 
There is evidence of marked dilatation of the small 
and large intestinal loops, with gas in the rectal 
ampulla and material of heterogeneous density 
in the colic frame. The image corresponds to an 
older adult patient with chronic constipation who 
consults for abdominal distension and absence of 
bowel movements for more than 20 days.

Figure 5. a) Supine abdominal radiograph. There 
is a pattern of intestinal obstruction with several 
thin intestinal loops with a dilation greater than 3 
cms in diameter. b) Standing projection. Several 
hydroaereal levels are observed in which a central 
loop shows two staggered hydroaereal levels of 
asymmetric diameter, configuring a J-shaped 
pattern suggestive of mechanical obstruction.

Figure 6. a). X-ray of the abdomen in standing 
position. Several dilated thin intestinal loops 
are shown with several staggered hydro-aerial 
levels configuring an obstructive pattern. 
Delimited by red circles, several consecutive 
small oval radiolucent radiolucent images are 
observed, forming the “bead necklace” sign. 
b). Abdominal CT with contrast medium of 
the same patient. The red arrow points to 
several endoluminal hypodense images in a 
dilated small bowel loop, corresponding to 
gas between the connivent valves, similar to 
the “bead necklace” sign in the abdominal 
radiography.
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Figure 7. a) Abdominal X-ray in 
supine position: marked dilatation 
of large intestinal loops configuring 
the sign delimited by brown lines. 
b) Imaging representation of the 
sign in an abdominal CT in the same 
patient who presented a volvulus 
of the colonic cecum with the need 
of hemicolectomy and ileocolonic 
anastomosis.

Figure 8. Abdominal Rx, AP projection. a) The green dots show Rigler’s sign; the 
external and internal contours of the intestinal wall delimited by the intra and 
extraluminal gas are visualized. b) Shows the sign of the falciform ligament delimited 
by yellow dots. c) Shows in red a radiolucent area inferior to the central tendon of the 
diaphragm, as the sign of the diaphragmatic dome. In addition, the double bubble 
sign is evidenced by the gas inferior to the left hemidiaphragm contacting the external 
contour of the gastric fundus. d) It shows the increase in hepatic radiolucency due 
to the interposition of extraluminal gas to the anterior contour of the liver.
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Extraluminal gas
Extraluminal gas is any gas that is not found in the lumen of the 

intestinal loops. It includes pneumoperitoneum, portal gas, pneumobilia, 
pneumoretroperitoneum and intestinal pneumatosis, among others.

Pneumoperitoneum
It is the accumulation of gas in the peritoneal cavity after perforation 

of a hollow intraperitoneal viscera or in postoperative states (12). The 
following are the most common signs:

•	Rigler’s sign: both the outer and inner walls of an intestinal loop 
are visualized by extraluminal gas adjacent the outer intestinal 
walls. It can be seen as a radiolucent triangle between the intestinal 
loops (35) (figure 8a).

•	 Sign of the falciform ligament: it is the visualization of a radio-
opaque line that starts from the liver in the direction of the midline, 
usually showing the normal trajectory of the falciform ligament 
(36) (figure 8b).

•	Dome sign: the air below the central tendon of the diaphragm 
shows the shape of a dome similar to architectural buildings (37) 
(figure 8c).

•	Double bubble sign: the intraperitoneal subdiaphragmatic gas is 
seen aligned with the gas of the gastric fundus (14) (figure 8c).

•	Hepatic radiolucency sign: it is the geographic lucidity on the 
hepatic silhouette or in the intraperitoneal subhepatic space, where 
the gas is found between the posterior wall of the right hepatic 
lobe and the anterior face of the right kidney, forming a triangular 
figure (38) (figure 8d).

•	Radiolucency sign of the gastric lesser curvature: indicates gas in 
the transcavity of the omentum (14).

Portal venous gas and pneumobilia
It is the presence of gas in the portal venous system due to multiple 

causes (39, 40): from necrotizing enterocolitis or intestinal ischemia 
to benign causes such as gas of iatrogenic origin after intestinal sur-
gery or endoscopic retrograde cholangiopancreatography (ERCP). 
In radiography it is identified as radiolucent serpentiform lines on 
the topography of the liver, branching as they extend towards the 
periphery. Its main differential diagnosis is pneumobilia, identified as 
radiolucent reticular lines projected on the central hepatic topography 
(40). Additionally, seeing them in an adult patient with intestinal 
obstruction suggests the presence of a biliary ileus, characterized by 
Rigler’s triad: pneumobilia, intestinal obstruction and radiolucent 
calculus in the intestine (41) (figure 9).

Pneumoretroperitoneum
The location of the retroperitoneal gas guides us to the possible 

organ involved; for example, finding retroperitoneal gas projected in 
the right hypochondrium is indicative of rupture of the duodenum, 
with extraluminalization of gas in the right pararenal space. However, 
the location of the gas is not exclusive to the organ that occupies that 
place, since the rupture of the rectum can release retroperitoneal gas 
towards the anterior, posterior or perirenal pararenal spaces (42).

4. Beyond the gas pattern: Intra-abdominal 
organs and masses, what can be evaluated?

Fatty lines in solid organs are formed by the change in X-ray 
beam attenuation between adjacent fat/water and organ parenchyma, 
allowing some intra-abdominal organs to be identified and evaluated. 
However, observing fatty lines that form structures of variable size, 
in unusual locations and that displace intra-abdominal organs suggest 
solid, cystic or mixed space-occupying masses in the abdominal 
cavity, of congenital, infectious, inflammatory, traumatic, reactive 
or neoplastic origin of solid organs, hollow viscera or peritoneum 
(43) (Figure 10).

Liver
In cases of hepatomegaly the contours of the liver silhouette 

should exceed the superior border of the right iliac crest, the lateral 
border of the right psoas, displace the right renal contour, the duodenal 
bubble below the L2 vertebra, or elevate the right hemidiaphragm 
(44, 45) (Figure 11).

Spleen
Splenomegaly may be suspected with elevation of the left hemi-

diaphragm, displacement of the gastric bubble toward the midline, 
and descent of the splenic angle more caudal to the last rib (12, 46).

Kidneys
In addition to evaluating the size and location, it is possible to 

evaluate abnormalities in their contours, providing diagnostic suspi-
cion of renal cystic disease or tumors (12).

Intestinal loops
The absence of intraluminal gas is not only indicative of pro-

ximal intestinal obstruction; sometimes it represents thickening of 
the intestinal wall due to inflammatory or neoplastic processes that 
displace gas, such as colon carcinoma, which assumes a density si-
milar to that of an intra-abdominal solid organ and displaces adjacent 
structures (Figure 12).

5. Intra-abdominal fluid: to see or suspect it
In cases of intra-abdominal free fluid or ascites, an increase in 

the generalized radio-opacity of the abdomen can be observed with 
centralization of the intestinal loops, moving away from the fat lines, 
and the absence of the intraperitoneal fat lines and visceral lines (12, 
47) (Figures 13 and 14).

There are some direct signs of ascites, such as obliteration of the 
hepatic margin, increase of the distance of the right properitoneal line 
with the ascending colon of more than 2-3 mm or Hellmer’s sign, 
where the lower hepatic tip is displaced towards the lateral wall of the 
abdomen (48, 49).
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Figure 9. Elderly patient who consulted for 
abdominal pain, emesis and jaundice, who 
subsequently developed a mechanical 
obstruction of the small intestine by an 
enterobiliary fistula configuring a biliary 
ileus. a) Plain abdominal radiograph in 
standing position. The “bead necklace” 
sign is observed in the presence of a 
mechanical obstruction of small intestinal 
loops. Delimited by green lines there are 
radiolucent areas that project near the 
hilum of the hepatic silhouette, the most 
cephalic shows air in the left intrahepatic 
bile duct, the most caudal the common 
hepatic duct. b) CT of the abdomen with 
contrast medium: the green arrow points 
to a low density area corresponding to an 
air bubble in the biliary tract; surrounded 
by a green circle an oval image, with high 
density contours, corresponding to a 
gallstone, as the cause of the obstruction.

Figure 10. a) Supine abdominal 
radiograph showing a radio-
opaque structure occupying 
space in the mesogastrium 
and greater pelvic cavity with 
successive green dots, which 
displaces the small and large 
intestinal loops in an eccentric 
manner. The intraluminal 
bowel gas pattern is normal. 
The retroperitoneal fatty 
lines are preserved. b) CT of 
the abdomen with oral and 
intravenous contrast medium, 
coronal reconstruction of the 
same patient, showing (green 
star) an oval, well-delimited, 
hypodense, thin-walled lesion 
with some internal septa that 
enhance with intravenous 
contrast medium.

Figure 11. Plain abdominal radiograph in the standing position: 
the lower hepatic contour exceeding the upper contour of the 
right iliac crest (black line) in a patient with hepatomegaly is 
demarcated with red.
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6. Radio-opaque images and calcifications: 
what do they represent?

Calcifications are the accumulation of calcium crystals in diseased 
or healthy tissues through the process of dystrophic and metastatic 
calcification, respectively (12, 50, 51). Their morphology and distri-
bution in the abdomen provide information of their organ of origin or 
possible underlying pathologic process, including both soft tissues and 
the skeleton of the abdominal region.

The calculi (biliary or renal) can be round or oval, with smooth, 
well-defined contours and their center is usually radio-opaque, with 
variable sizes (12, 52).

When their origin is biliary they are usually projected on the right 
hypochondrium while when their origin is renal they can be projected 

Figure 12. a) Simple abdominal 
radiograph in supine position in which, 
by means of successive yellow dots, a 
radiopaque mass with density similar 
to the intra-abdominal solid organs is 
delimited, located in the topography 
of the sigmoid colon and rectum. 
Note the absence of intraluminal gas 
usual in this location. b) MRI of the 
same patient, coronal T1-weighted 
slice with fat suppression STIR: a well-
defined high signal mass with lobulated 
contours replacing the rectal cavity is 
marked with a yellow star. The findings 
represent a carcinoma of the rectum.

Figure 13. Plain abdominal radiograph: absence or 
effacement of intraperitoneal fatty lines delineating 
the contours of the psoas muscle and intraperitoneal 
solid organs in a patient with chronic kidney disease 
on peritoneal dialysis. The peritoneal drainage 
catheter can be seen in the left iliac fossa.

Figure 14. Abdominal X-ray: effacement of 
the intra- and retroperitoneal fatty lines with 
centralization of the intestinal gas pattern of 
the colon and small bowel portions is observed. 
Findings suggestive of ascites in a patient with 
stage IV metastatic breast cancer, with peritoneal 
progression, with malignant ascites.

Figure 15. Simple abdominal radiograph in 
the supine position: multiple small, tubular, 
radio-opaque images with a “grain of rice” 
morphology distributed diffusely in the abdomen. 
They are more evidently observed in the 
topography of the iliac ailerons and the iliac 
psoas muscles. Image compatible with cutaneous 
and muscular cysticercosis in a patient who 
consulted for gastrointestinal who consulted for 
gastrointestinal symptoms.

on the renal silhouettes. Regarding the visualization of gallstones, these 
can range from lamellar to multifaceted calcifications in the topogra-
phy of the gallbladder or biliary tract (53). Calcified myomas usually 
present a similar pattern of mineralization; however, their location in 
the female pelvis, number and oval or round morphology suggest the 
diagnosis (12, 50).

Irregular, small, diffuse, diffuse and projected calcifications in the 
epigastrium can be seen in cases of chronic pancreatitis (54). However, 
identifying them in a random distribution pattern, without topographic 
predilection of any abdominal organ and elongated or “rice grain” mor-
phology, suggests parasitic infectious processes such as cysticercosis 
(12, 50) (Figure 15).

a b
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Figure 16. Abdominal radiographs. a) Advanced nasogastric tube with distal end in the third portion of the duodenum (black arrow), properly positioned. 
b) Four linear radio-opaque images whose coiled ends are projected over the topography of the renal pelvis and the ureteral tracts on both sides (black 
arrows) attributable to two nephrostomy catheters and two double J catheters. c) A metallic stent (black arrow) with adjacent radiolucent reticular 
images highlighted in green corresponding to pneumobilia, in the context of a biliary tract stent, is observed on the topography of the hepatic hilum. 
d) In a green circle an ostomy pouch frame in a patient with an entero-environmental fistula, additionally, in red color, the infrequent location of the 
liver and the cardiac apex in opposite location in a reverse situs, as well as the gastric chamber in blue and the descended left kidney. e) Esophageal 
stent that has migrated to the duodenal region (black arrow) in a patient with adenocarcinoma of the gastroesophageal junction. f). Radiography: 
extensive thoracic and abdominal aortic prosthesis (black arrows) in a patient with successful exclusion of thoracoabdominal aneurysm with covered 
stent placement.

7. Medical devices and foreign bodies
Naso-orogastric, enteral nutrition and ventriculoperitoneal shunts 

are observed as radio-opaque lines within the gastrointestinal lumen or 
intraperitoneal trajectory. Naso-orogastric tubes show their distal end in the 
gastric fundus or body; on the other hand, enteral or jejunal tubes should 
show their distal end beyond the third duodenal portion (55, 56). It is of 
vital importance to describe the location of its distal end in order to define 
new interventions or repositioning. There are other medical devices that 
can be frequently seen in the abdominal radiograph, such as suture clips, 
stents, multipurpose catheters or intrauterine devices (Figure 16) (55, 56).

Conclusion
Abdominal radiography continues to be a useful tool in medical 

practice settings. Despite the existence of other diagnostic modalities, 
it continues to be widely used as an initial method because of its avai-
lability and low cost; it is especially important for suspected intestinal 
obstruction or perforation, foreign body ingestion and location of me-
dical devices. It is essential to reinforce and remember the systematic 
approach to this imaging modality, as it is often the first step in the 
comprehensive evaluation of the patient.
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