8

RADIOGRAPHIC
IMAGING IN THE
ABDOMEN AND PELVIS
Describe the conventions of dorsal/ventral and left/right
orientation used in cross-sectional radiographic imaging.
Derive rules and develop mental strategies to transform
solid-structure anatomical knowledge to cross-sectional
radiographic appearance.				
Apply these rules and mental strategies in order to predict/
recognize the appearance and location of musculoskeletal
and visceral structures in cross-sectional radiographic images
through the abdominopelvic cavity.
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Gross Anatomy

RADIOGRAPHIC IMAGING IN THE ABDOMEN AND
PELVIS
One of the most critical applications for gross anatomy is the interpretation of
radiographic images. In this chapter, we will describe strategies for orientation and
identification of specific structures using both plain film radiographs and cross-sectional
CT scans through the abdomen and pelvis.

General principles for approaching radiographic images:
1.

Cross-sectional radiographs are presented using a standard convention as
described below. This convention can be used to establish orientation and set
expectations about where structures will be located in the section.
Figure 9.1 reminds you of the standard convention that has been adopted for the
presentation of cross-sectional images. Images are viewed as if you were standing at
the foot of the patient’s bed and looking towards the head. In this orientation, the top
of the image is anterior (ventral), and the bottom of the image is posterior (dorsal).
The left side of the image corresponds to the patient’s right side, and the right side of
the image corresponds to the patient’s left side.

Figure 9.1 Orientation For Imaging
2. The presence of large, easily identifiable structures like the lungs, liver, or bladder
may be used to establish which body region (thorax, abdomen, or pelvis) the image
belongs to. For example, in any cross-section through the thorax, the lungs will occupy
the lateral compartments. Sections through the abdomen will be identifiable by the
presence of the liver, spleen, kidneys, or coils of intestine. Sections through the pelvis
will be identifiable by the presence of the bladder or genital structures in the midline.
3. Anatomical relationships and other clues may be used to determine the approximate
level of the image within a given region. Once the approximate level has been
established, knowledge of anatomy can be used to set expectations about what
structures should be present at that level. Knowledge of key structural features and
anatomical relationships can be used to identify specific structures.
2

Radiographic Imaging in the Abdomen and Pelvis

General approach to the abdomen and pelvis:

9

The notes below review some important concepts and anatomical relationships that can
be used to determine the approximate level of a cross-sectional radiograph through the
abdomen/pelvis and to identify structures.
1.

Cross-sections through the abdomen and pelvis are identifiable by the presence of
large, easily identifiable abdominal or pelvic viscera including the liver, spleen, kidneys,
coils of intestines, and bladder.

2. The contents of the abdominopelvic cavity will differ according to the level at which
the section is taken. A useful approach to cross sectional imaging in the abdomen is
to use the foregut/midgut/hindgut organization of the GI tube to set up expectations
regarding what structures should be present in cross-sectional images taken at
superior, intermediate, and inferior aspects of the abdominopelvic cavity (Figure 9.2).
•

Sections through the superior aspect of the abdominopelvic cavity are
dominated by foregut (FG) associated structures (e.g. liver, stomach, spleen, Figure
2). The liver occupies the upper right quadrant, the spleen occupies the upper left
quadrant, and the stomach/pancreas occupy an intermediate position.

•

Sections through the intermediate aspect of the abdominopelvic cavity are
dominated by intestinal structures of the midgut (MG) and hindgut (HG), and the
kidneys (Figure 2). The ascending and descending colons are vertically oriented
on the right and left sides of the posterior body wall, respectively. The transverse
colon spans the abdominal cavity from right to left. The coils of small intestine are
generally arranged such that the jejunum is localized superior and to the left of
the midline, while the ilieum is localized inferior and to the right of the midline. The
kidneys are located high on the posterior abdominal wall.

•

Sections through the inferior aspect of the abdominopelvic cavity are dominated
by intestinal structures of the MG and HG, and pelvic structures (bladder and
reproductive organs, Figure 9.2). The parts of intestine described above maintain
similar positions at this level. The bladder, reproductive organs, and rectum are
arranged from anterior to posterior within the pelvis.

3. Knowledge of structural features and the anatomical relationships between
structures in these subdivisions can be used to predict the geographic location of
specific structures (including vasculature) as described below.
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Foregut

Celiac trunk (TV12)
Superior mesenteric
artery (LV1)

Midgut

Abdominal aorta
Inferior mesenteric
artery (LV3)

Hindgut

Superior Abdomen
Dominated by large FG associated
structures (liver, spleen, stomach)
Intermediate Abdomen
Dominated by ascending/descending/
transverse colon, coils of small intestine,
and renal structures.

Inferior Abdomen
Dominated by cecum, descending colon,
coils of small intestine, and pelvic structures.

Figure 9.2 Imaging Levels For Abdomen
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Important anatomical features and relationships between
structures in the abdominopelvic cavity:
The notes and images below review some important structural features and key
anatomical relationships that can be used to identify structures in abdominopelvic
radiographs.
1.

In general, organs that belong to the gastrointestinal (GI) system are located more
anteriorly in the abdominopelvic cavity. Organs that belong to the urogenital (UG)
system are located more posteriorly in the abdominopelvic cavity (Figure 9.3).

2. Likewise, intraperitoneal organs (like liver and spleen) are more anterior in the
abdominopelvic cavity, whereas retroperitoneal organs (like kidney and abdominal
aorta) are more posterior in the abdominopelvic cavity (Figure 9.3).
3. The inferior vena cava (IVC) and descending abdominal aorta lie parallel to one
another in a retroperitoneal position on the posterior body wall (Figure 9.3). The
descending abdominal aorta is always slightly to the left of the vertebral bodies.
The IVC is always to the right of the vertebral bodies. These vessels will occupy these
positions throughout the superior-to-inferior extent of the abdomen.
4. The descending abdominal aorta enters the abdominal cavity via the aortic hiatus at
the level of TV12. Its major unpaired branches to the GI tract branch can be mapped to
specific vertebral levels. These relationships help to localize the level of a section and
allow for the specific identification of these arteries. The celiac trunk branches at TV12,
the superior mesenteric artery (SMA) branches at LV1, and the inferior mesenteric
artery (IMA) branches at LV3 (Figure 9.4). The descending abdominal aorta bifurcates
at the level of LV4, forming the right and left common iliac arteries.
5. The IVC forms at the level of LV5 at the union of the right and left common iliac veins
(Figure 9.4). The IVC exits the abdominal cavity via the caval hiatus at TV8.
6. In views where you see both caval and portal venous structures, remember that
portal venous structures are always anterior relative to caval venous structures
(Figure 4). The hepatic portal vein forms at the confluence of the superior mesenteric
vein (SMV) and the splenic vein, just posterior to the neck of the pancreas (Figure 9.5).
7. The nutcracker relationship between the SMA and the descending abdominal
aorta is an important radiographic landmark. The left renal vein and 3rd part of the
duodenum pass horizontally through the angle between the descending abdominal
aorta and the SMA (Figure 9.5).
Liver

Parietal peritoneum

Visceral peritoneum

Stomach

Proper hepatic artery
Common bile duct
Hepatic portal vein
IVC

H

N
B

Right Kidney

Pancreas
Spleen

Abdomenal aorta
Left Kidney

Figure 9.3 Cross Section of Foregut
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Caval hiatus (TV8)
Diaphragm
Hepatic veins
Superior mesenteric
artery (LV1)
Right renal artery
and vein

Right gonodal
vein and artery

Aortic hiatus (TV12)
Celiac trunk (TV12)

Left renal artery

Left gonodal
vein and artery
inferior mesenteric
artery (LV3)
Common
Internal

Iliac artery
and vein

External

Hepatic portal vein
Superior mesenteric vein

Inferior Vena Cava
Splenic vein
Inferior mesenteric
vein

Common iliac vein

Figure 9.4 Arteries and Veins of the GI Tract
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Aortic Hiatus
Celiac Trunk (TV12)
Transpyloric
Plane
SMV/SMA (LV1)

Aorta
IVC
IMA (LV3)
LV4 Level

Anterior view

Celiac trunk

Left renal vein
Superior
mesenteric artery
3rd part of duodenum
Small intestine
Aorta
Lateral view
Nutcracker relationship:
left renal vein and 3rd part of
the duodenum pass through
the angle between the aorta
and the SMA.

Figure 9.5 The Nutcracker
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Application to plain film radiography in the abdomen and
pelvis:
1.

Specific regions of the GI tract can be visualized using standard A-P plain film
radiography in combination with contrast imaging (Figure 9.6).

2. The middle image is a classic upper GI view, and the lower image is a classic lower
GI view. The patient has been asked to swallow a solution containing contrast and
images were collected as the contrast moved through the GI tract.
3. Small intestine and large intestine can be broadly differentiated based on the
amount of air or gas present. Small intestine usually contains few air/gas pockets and
appears more opaque on radiograph. Large intestine contains more air/gas pockets
and is characterized by having translucent regions interposed with more opaque
regions (Figure 9.6, lower panels).
4. The stomach can be distinguished based primarily on location (upper left quadrant)
and its characteristic “J” shape.
5. Duodenum can also be easily distinguished based on its location (right of midline)
and characteristic “C” shape.
6. Jejunum and ileum are more difficult to distinguish. One distinguishing feature is
location. Coils of jejunum are generally localized more to the upper left quadrant,
while coils of ileum are localized more to the lower right quadrant. However, these
relationships are not always maintained. A better way to distinguish the two in plain
film radiographs is based on the “sharpness” of the margin of the intestinal wall. Coils
of jejunum have less distinct margins and are said to have a “fuzzy” appearance that
is similar to the nap on an old teddy bear. Coils of ileum have much sharper margin
as seen in the middle image.
7. The different parts of the large intestine are most easily identified based upon
location/orientation. The ascending colon is oriented vertically on the right side of
the posterior abdominal wall. The transverse colon is oriented horizontally, spanning
from right to left, across the intermediate aspect of the abdominal pelvic cavity. The
descending colon is oriented vertically on the left side of the posterior abdominal wall.
It is continuous with the S-shaped sigmoid colon and the rectum in the midline. Right
(hepatic) and left (splenic) flexures are also apparent.
8. FG associated organs of the GI tract (liver, pancreas, spleen) are not visible in these
images because they do not take up contrast when administered orally (i.e. barium
swallow). You should still be able to approximate the positions of the liver (upper right
quadrant), spleen (upper left quadrant), and pancreas (posterior to the stomach) in
the images shown in Figure 9.6.
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Esophagus
Liver
Spleen
Stomach
Gallbladder
Transverse colon
Ascending colon

Pylorus
Pancreas
Jejunum
Descending colon

Ileum
Cecum

Sigmoid colon

Rectum
Anal canal

Pylorus

Stomach

Duodenum

Jejunum
Ileum

Transverse colon

Splenic flexure

Hepatic flexure
Ascending colon
Descending colon
Sigmoid colon

Figure 9.6 Upper and Lower GI Tract Plain Films
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Application to cross-sectional CT radiography in the
abdomen and pelvis:
For cross-sectional CT images through the abdominopelvic cavity, try asking a series of
questions about the image to approximate the level of the section. Note that for most
cross-sectional images that you will see on the board exam, T1 weighting is used. Air will
contrast dark, bone and fat will contrast light, and soft tissue will contrast as shades of
gray. The vessels will often contain contrast material, making them easier to identify.
Contrast material in vasculature will appear bright on T1-weighted CT images.
1.

Is the section through the thorax, abdomen, or pelvis?
•

Look for large, easily identifiable viscera of the GI or UG systems (i.e. liver, spleen,
intestines, kidneys, bladder). If these are present, then the image represents a
cross-section through the abdominopelvic cavity. Also, look for the absence of
lungs in the lateral compartments (remember that air contrasts dark). This will help
to confirm that the section is through the abdominopelvic cavity and not through
the thorax.

2. Can the level of the section be more precisely localized in the abdominopelvic cavity?
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•

Sections through the superior aspect of the abdominopelvic cavity are
dominated by foregut (FG) associated structures (e.g. liver, stomach, spleen).

•

Sections through the intermediate aspect of the abdominopelvic cavity are
dominated by intestinal structures of the midgut (MG) and hindgut (HG), and renal
structures.

•

Sections through the inferior aspect of the abdominopelvic cavity are dominated
by intestinal structures of the MG and HG, and pelvic (urogenital) structures.

Radiographic Imaging in the Abdomen and Pelvis
3. What do you expect to see in foregut cross-sections at the level of the upper
abdominopelvic cavity (~TV10-TV11)?

9

•

Sections through the upper abdominopelvic cavity are relatively easy to interpret.
The radiograph will be dominated by large, easily identifiable organs of the FG. At
this level, the liver will occupy the right side, the spleen will occupy the left side,
and the stomach will be in an intermediate position between the two (Figures 9.7
and 9.8).

•

At the most superior aspect of the abdominopelvic cavity, few other structures
are present except the descending aorta and the IVC. These vessels are vertically
oriented on the posterior body wall and will appear as circles in cross-section. The
descending abdominal aorta will be located just to the left of the vertebral bodies,
and the IVC will be located to the right side of the vertebral bodies.

•

The descending aorta will maintain its position down to the level of LV4, where it
bifurcates into right and left common iliac arteries. The IVC will maintain its position
all the way down to the LV5 level. You may see horizontally oriented veins within the
liver tissue that look like spokes on a wheel. These are the hepatic veins that return
blood that has been processed by the liver to the IVC.

•

Note the relationship of the crura of diaphragm to the aorta. A cross-section
through the aorta as it passes beneath the crus of the diaphragm looks a little like
a girl’s face with long hair (we call her “Heidi”, see Figure 9.8). As long as “Heidi” has
a full head of hair, you can be certain that the section is superior to the LV1 level. A
“bald spot” will appear on the crown of the “Heidi’s” head once you are below LV1
(see Figure 10 later).

•

As we move a bit more inferiorly, the liver, stomach, and spleen will continue to
occupy their expected positions from right to left. Likewise, the IVC and descending
aorta will continue to maintain their positions to the right and left of the vertebral
column, respectively (Figure 9.8).

•

Note that the IVC is now located just posterior to the liver, within the fossa for the
IVC. It may appear to be embedded in liver tissue at this point. The appearance
of the aorta/crura of the diaphragm indicates that we are still superior to LV1 (i.e.
“Heidi” still has a full head of hair).

•

A few other foregut structures come into view as we move inferiorly. One of the
things to look for is the appearance of the hepatic portal vein. If you are superior
to the porta hepatis, then the hepatic portal vein will be surrounded by liver tissue.
As we move more inferiorly, the hepatic portal vein will move closer to the IVC. Note
that the hepatic portal vein will always remain anterior to the IVC in sections where
they are both present.
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Crus of the
Diaphragm

Figure 9.7 Upper Abdomen (Foregut)

Hepatic
Vein

Figure 9.8 Upper Abdomen (Foregut)
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4. What do you expect to see in midgut cross-sections at the level of the intermediate
abdominopelvic cavity (~TV12-LV3)?
• As you continue to move more inferiorly, the pancreas will come into view. You should
be able to identify the head, neck, body, and tail of the pancreas (Figure 9.9). Using
the appearance of the crura of the diaphragm as a reference, you can see that you
are still above the level of TV12 in this section (i.e. “Heidi” still has full head of hair).
• At this level, the major unpaired branches off the aorta begin to appear. The celiac
trunk is the first of the unpaired arteries to branch off the ventral aspect of the
aorta. This branch point is usually near the aortic hiatus (Figure 9.9).
• The hepatic portal vein is formed at this level by the union of the SMV and the
splenic vein. It is seen just posterior to the neck of the pancreas, and anterior to
the IVC. You may see splenic vein or artery in relation to the body of the pancreas.
Confirm what it drains into to identify whether the vessel is artery or vein (figure 9.9).
• This level (TV12) is where you usually begin the transition from foregut to midgut. The
liver will disappear from view along with the stomach and spleen. Coils of intestine
will start to appear in their place. Remember that the small intestine is usually
devoid of gas and will contrast white. The large intestine usually contains gas and
will contrast dark in the regions where air is present (Figure 9.10).
• In general, coils of jejunum will be seen on the left. Duodenum or coils of ileum will
be present on the right side, depending on the level. The ascending colon is seen in
cross section on the right side, the descending colon is seen in cross section on the
left side. Transverse colon will cross the image from right to left and will be more
ventrally located (Figure 9.10).
• At levels below the aortic hiatus, “Heidi” will develop a “bald spot” indicating that you
are at the level of LV1 or below (Figure 9.10).
• Just below the aortic hiatus, you are likely to see the SMA branching off the ventral
aspect of the abdominal aorta (LV1), forming the nutcracker relationship with the
left renal vein and 3rd part of the duodenum (Figures 9.5, 9.11, 9.12).
• Look for the left renal vein passing through the nutcracker to reach the IVC. The SMV
will be traveling with the SMA. The SMA/SMV are anterior to the left renal vein and the
descending aorta is posterior to the left renal vein. The IMV is usually not visible on
radiograph. The hepatic portal vein is not seen at this level.
• The IVC and descending aorta are still in their expected locations. The kidneys will
occupy their positions on the posterior abdominal wall.
• You will still have the same presentations of the different parts of the intestine as
described above. You may still see a bit of pancreas, but probably only the head.
• The left renal artery comes into view around this level. Note that it enters the hilum
of the left kidney just posterior to the left renal vein (Figure 9.11).
• The psoas major and quadratus lumborum have come into view as we have
passed the inferior aspect of the diaphragm. Note how these muscles form a “bed”
for the kidneys (Figure 9.12).
• You may also see the renal arteries branching from the right and left sides of the
abdominal aorta. You will still have the same presentations of the different parts of
the intestine as described above, except the transverse colon is not seen at this level.
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Crus of the
Diaphragm

Figure 9.9 Intermediate Abdomen

Hepatic
Vein

Figure 9.10 Intermediate Abdomen
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Crus of the
Diaphragm

Figure 9.11 Intermediate abdomen

SMA

L. renal vein
3rd part
duodenum

Hepatic
Vein

Small intestine
Aorta

Figure 9.12 Intermediate abdomen
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5. What do you expect to see in cross-sections at the level of the intermediate
abdominopelvic cavity (~LV4-LV5)?
•

As you reach the inferior aspect of the abdominopelvic cavity (Figure 9.13), the
kidneys will no longer be seen, but the ureter can be followed along the ventral
surface of the psoas major muscle. (The ureter on the left has contrast added to
the image. The one on the right does not).

•

The bifurcation of the abdominal aorta into the common iliac arteries indicates
that the section is at the level of LV4. When the common iliac veins are seen, that is
an indication that you are at the level of LV5 (Figure 9.13).

•

Coils of small intestine are present at these levels as well. The cecum will be seen
in cross-section on the right side, and descending colon will still be visible in cross
section on the left side.

Crus of the
Diaphragm

Figure 9.13 Intermediate abdomen
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6. What do you expect to see in cross-sections at the level of pelvis?
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As you reach pelvic levels, pelvic urinary and reproductive structures will come into
view (Figures 9.14 and 9.15).

Male
Figure 9.14 shows cross-sectional radiographs through the male pelvis. A section
through the more superior aspect of the pelvis is seen on the left and a section
through the more inferior aspect of the pelvis is seen on the right. The bladder
contains contrast material in both images.
The urinary bladder is the most ventral structure in the male pelvis. The rectum is
the most posterior structure. Male reproductive organs (seminal vesicles, ampulla of
the vas def) are more intermediate. The prostate gland can be seen inferior to the
bladder in the panel on the right.

Female
Figure 9.15 shows cross-sectional radiographs though the female pelvis. A section
through the more superior aspect of the pelvis is seen on the left and a section
through the more inferior aspect of the pelvis is seen on the right. The bladder does
not contain contrast material in these images.

Male

The urinary bladder is the most ventral structure in the female pelvis. The rectum
is the most posterior structure. Female reproductive organs (uterus, cervix, vaginal
canal) are more intermediate. The uterus lies over the superior aspect of the bladder
in the more superior image obscuring it from view. The uterus is said to be anteflexed/
anteverted in this position. The vaginal canal is wedged between the bladder and the
rectum in the panel on the right.

Female

Figure 9.14

Figure 9.15 Male and Female Pelvis
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