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I.  Introduction
In this chapter we will review the traumatic injuries to the organs of the abdominal 
cavity, which will include the esophagus, stomach, duodenum, jejunum and ileum, 
mesentery, appendix, colon, liver, gallbladder, and spleen.  Although, much of the 
esophagus is within the thorax (chest cavity), for the sake of continuity, it will be 
discussed with the gastrointestinal tract, most of which is located within the abdominal 
cavity.  There will also be a discussion, in a general sense, of the mechanism of injury to 
the abdominal organs when the abdomen is subjected to blunt force trauma.  We will 
first review the surface anatomy as well as the anatomy of the abdominal cavity.  The 
foundation of thought behind reviewing the anatomy is based on the fact that an 
understanding of the surface anatomy will give you some insight into what you can 
anticipate internally during your external examination.  It will also give you a grasp of the 
dynamics involved which produced the external and internal traumatic injuries.  Since 
this educational blog may also be used by medicolegal investigators, police officers and 
attorneys, who for the most part have little knowledge of anatomy, such a review may 
help them in having a better understanding of the relationship between the blunt force 
trauma applied to the victim and their injuries.
II. Surface Anatomy of the Abdomen
A. Overview: The upper border of the abdominal wall is formed by the cartilages of the
seventh to the twelfth ribs and by the xiphoid process of the sternum.  Inferiorly, the 
anterior abdominal wall extends to the iliac crests, pubis, pubic symphysis, and the 
inguinal ligament.  Posteriorly it is defined as that part of the abdominal wall lying 
between the two mid-dorsal lines, below the posterior attachments of the diaphragm 
and above the pelvis (Figs. 1, 2 & 3).
The anterior abdominal wall contains important anatomical landmarks, which are 
important to the forensic pathologist and the medicolegal investigator for assessing 



possible underlying visceral injury during their external examination of the body either at 
the scene or in the autopsy suite.

     

Fig. 1.  This is an illustration of the anterior surface of the chest and abdomen.  (Wiki)
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Fig. 2.  This is an illustration of the posterior surface of the trunk.  (Wiki)
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Fig. 3.  This illustration depicts the lateral aspect of the trunk, denoting important 
anatomical landmarks.  (Wiki)

The umbilicus is a prominent midline anatomical landmark located normally at the level 
of the intervertebral disc between the third and fourth lumbar vertebrae (L3 & L4).  The 
bifurcation of the abdominal aorta lies 2 cm (a little less than an inch) distal to the 
umbilicus (Fig. 4).  However, this anatomical landmark is lower in children, obese or in 
those with a pendulous abdomen.
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Fig. 4.  This illustration not only shows the location of the umbilicus, but also 
demonstrates how you can locate the position of the appendix, which is referred to as 
Mcburneyʼs point.  Note the line drawn between the umbilicus and the upper part of the 
pelvis.  Mcburneyʼs point is ⅔ rd distance from the umbilicus and ⅓ rd distance from the 
upper part of the pelvic bone.  (Wiki)

There are three vertical lines visible on the anterior abdominal wall (Fig. 5).  The Linea 
alba extends superiorly inferiorly in the vertical midline of the abdomen.  It marks the 
aponeurotic junction of the abdominal muscles of the two sides and separates the 
vertical bulges of the two rectus abdominis muscles.  It is wide and readily apparent 
above the umbilicus measuring 1 cm or more and forms a faint almost invisible linear 
line below it.  The two Linea semilunares form a visible shallow groove in muscular 
individuals, which define the lateral margins of the rectus muscles.  These lines begin at 
the pubic tubercles and extend through the costal margins approximately at the level of 
the tips of the ninth costal cartilages, ending superiorly at the mid point of both clavicles 
(Figs. 5 & 6).
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Fig. 5.  Note the three vertical lines.  The lateral two lines are referred to as the Linea 
semilunares, which define the lateral margins of the bilateral rectus abdominis muscles.  
These two lines begin superiorly at the midpoint of the clavicles, extend inferiorly 
through the costal margins approximately at the level of the tips of the ninth costal 
cartilages, continuing inferiorly, defining the lateral margins of the rectus muscles (see 
Fig. 6) and ending at the pubic tubercles.  The line through the anterior midline defines 
the Linea alba.  (Wiki)
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Fig. 6.  The above illustration depicts the rectus abdominis muscles, also called strap 
muscles, as two vertical muscles of the anterior abdominal wall.  They are separated in 
the midline of the abdomen by a thin sheet of fascia called the Linea alba.  (ADAM & 
Wiki)

There are three transverse lines across the abdominal wall (Fig. 5).  These Lineae 
transversae are produced by tendinous bands, which interrupt the continuity of the 
fibers of the rectus abdominis muscle.  One is located a little below the xiphoid process, 
one is at the level of the umbilicus, and the third is halfway between the other two.  
Two facilitate the location of the intra-abdominal viscera and approximate vertebral 
levels, the surface of the abdomen can be divided into nine regions using three 
imaginary horizontal lines and two vertical lines (Fig. 5).  The nine regions are 
designated as the right hypochondriac, right lumbar (flank or lateral), right inguinal 
(iliac), epigastric, umbilical, hypogastric (suprapubic), left hypochondriac, left 
lumbar (flank or lateral) and the left inguinal.
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The highest horizontal line is the transpyloric line (plane) of C. Addison, which lies at 
the midpoint between the suprasternal notch of the manubrium and the upper border of 
the pubic symphysis, often extending through the level of the pyloric opening of the 
stomach an inch to the right of the mid-line (Fig. 5).  This line typically lies at the level of 
the first lumbar vertebra close to its lower border and laterally extending through the tips 
of the ninth costal cartilage.  The hilum of each kidney is a little below it, it extends 
through the lower limit of the spleen, the origin of the superior mesenteric artery, the 
neck, adjacent body and head of the pancreas, the confluence of the superior 
mesenteric and splenic veins in their formation of the hepatic portal vein and the 
termination of the spinal cord.
The second horizontal line is the subcostal line (plane), which is drawn through the 
lowest point of the subcostal arch formed by the tenth costal cartilage on each side (Fig. 
7).  It extends through the upper part of the third lumbar vertebra, typically, an inch or 
more above the umbilicus.  It denotes the origin of the inferior mesenteric artery from 
the aorta, the location of the transverse colon, the upper limit of the transverse (third) 
part of the duodenum, the lower ends of the kidneys, and the lower limit of the liver.
The third horizontal line that has clinical significance is called the transtubercular 
(intertubercular) line (plane), which extends across the tubercles of the iliac crests 
(Fig. 5).  These are located on the outer lip of the crest of the ilium, about two and a half 
inches from the anterior superior spine.  This line corresponds to the level of the body of 
the fifth lumbar vertebra, passing through or just above the ileocecal valve, where the 
small intestines joins the large intestines.  It also marks the confluence of the common 
iliac veins at the right side of the fifth lumbar vertebra to form the inferior vena cava. 
There are other horizontal planes (the supracristal plane, the interspinous plane, both of 
which are depicted in Fig. 7, and the plane of the pubic crest, which is not depicted), 
which are of interest anatomically but not commonly used clinically.
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Fig. 7.  This illustration from Medscape show five horizontal planes.  A: the transpyloric 
plane at the level of L1 to L2, midway between the xiphoid and the umbilicus at the ninth 
costal cartilage; B: the subcostal plane is at the level of the 10th costal cartilage; C: the 
transumbilical plane at the level of L3-L4; D: the supracrestal plane at the level of L4; E: 
the interspinous line is between the anterior superior spines of the iliac bone, passing 
through L5.  (Wiki)

There are two vertical planes (mid-Poupart lines), besides the midline plane, which 
passes through the xiphoid-sternal process and the pubic symphysis.  These two 
paramedian vertical lines, which have been previously described on page 5 (Fig. 6), 
superiorly extend from the midpoint of the clavicles, extending through the costal margin 
just lateral to the tip of the ninth costal cartilage, and ending at a point midway between 
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the anterior superior iliac spine and the symphysis pubis.  Pragmatically, it roughly 
corresponds to the lateral borders of the rectus abdominis muscle (Fig. 6).
The right vertical line (mid-Poupart line) identifies the location of the ileocecal valve 
where it crosses the intertubercular line.  Approximately one inch below this point is the 
location of the orifice of the vermiform appendix (McBurneyʼs point) (Figs. 4 & 5).  
Where the right vertical line crosses the transpyloric line, usually the lower margin of the 
ninth rib, is the location of the gallbladder (Fig. 5).
The left vertical line defines the inner edge of the descending colon in its upper three-
quarters.
The right subcostal margin corresponds to the lower limit of the liver, while the right 
nipple is about half an inch above the upper limit of this viscus.
There is another anatomical scheme, which divides the abdomen into four regions or 
quadrants, the right upper quadrant, the right lower quadrant, left upper quadrant, 
and left lower quadrant (Fig. 8 & 9).  These quadrants are defined by a vertical line 
that extends through the midline beginning at the level of the xiphoid process, extending 
through the umbilicus and ending in the symphysis pubis.  The horizontal line is 
analogous to the transtubercular line, which extends from the tubercle of one iliac crest 
through the umbilicus to the opposite iliac crest tubercle.
The right upper abdominal quadrant contains the right lobe of the liver, gallbladder, 
right kidney, a small portion of the stomach, portions of the ascending and transverse 
colon and parts of the small intestines (Figs. 10 & 11)).  The left upper quadrant 
contains the left lobe of the liver, the major portion of the stomach, pancreas, left kidney, 
spleen, portions of the transverse and descending colon and parts of the small 
intestines (Figs. 10 & 11).  Located within the right lower quadrant is the cecum, 
appendix, portions of the small intestines, the right reproductive organs and the right 
ureter (Figs. 10 & 11).  The left lower abdominal quadrant is the location of the large 
intestines, the left reproductive organs and the left ureter (Figs. 10 & 11).
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Fig. 8.  This picture shows the location of each of the four abdominal quadrants.  (Wiki)

Fig. 9.  This illustration depicts the four quadrant scheme superimposed on the nine 
anatomical region scheme.  (Wiki)
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Fig. 10.  This picture depicts the location of the various anatomical structures of the 
abdominal cavity in each of the four abdominal quadrants.  (Wiki)
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Fig. 11.  This picture depicts the location of the various anatomical structures of the 
abdominal cavity in the nine regions scheme.  (Wiki)

Although, I briefly reviewed the various planes of the body in the previous chapter on 
“Blunt Force Traumatic Injuries of the Chest,” I believe it is important we review the 
subject again.  There are three fundamental planes of the body, coronal (frontal) 
plane, sagittal (midsagittal or median sagittal), and the transverse (horizontal) 
plane Fig. 12).  The coronal plane divides the body lengthwise in such a fashion as to 
separate the anterior half of the body from its posterior half.  Thus, the face is separated 
from the back of the head, the chest from the back, the palms from the back of the 
hands, and the shins from the calves.  The sagittal plane divides the left and right sides 
of the body longitudinally.  This plane extends from the center of the head, through the 
midline of the sternum, than the umbilicus, through the symphysis pubis, between the 
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legs and the feet.  The transverse plane passes perpendicularly through the 
longitudinal axis of the body, dividing it into upper and lower sections.  Typically, this 
plane is analogous to the abdominal plane, which is a simple transverse plane 
originating at the higher of the two iliac crest landmarks and continuing horizontally 
through the torso.

Fig. 12.  This illustration depicts the three fundamental planes of the body.  (Wiki)

Other anatomical terms you need to be cognizant of are anterior and ventral both refer 
to the front of the body, while posterior and dorsal mean the back of the body (Fig. 13).  
The terms superior, cranial and cephalic all mean toward the head or the upper part 
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of a structure, while inferior and caudal refer to the lower part of a structure or away 
from the head.  For example, the right hip is superior (cranial, cephalic) to the right 
knee.  Likewise, the right knee is inferior (caudal) to the right hip.  The term proximal 
means closer to the trunk, while distal is away from the trunk.  Thus, the elbow is 
proximal to the hand, meaning the elbow is closer to the trunk.  Likewise, the hand is 
distal to the elbow.  The term medial refers to a structure closer to the midline of the 
body, while lateral is a structure located away from the median plane.  The term 
intermediate refers to a structure between a medial and lateral structure.  For example, 
the nose is medial to the ears, while the ears are lateral to the nose.  The cheeks are 
intermediate between the nose and ears.

Fig. 13.  Note the various anatomical planes and surfaces of the body.  (Wiki)
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III. Intra-abdominal Viscera (organs)
The surface markings of the intra-abdominal viscera are variable and depend on age, 
body habitus, nutritional state, phase of ventilation and body position. 
A. Esophagus: The esophagus will be discussed in its entirety here to preserve
continuity rather than discuss each part (neck or cervical, chest or thorax and abdominal 
parts) in separate chapters.  The esophagus is a muscular tube and that portion of the 
digestive tract that extends from the pharynx at the level of C 6 vertebra through the 
posterior mediastinum of the chest to the stomach (Figs. 14 &15).

Fig. 14.  This illustration depicts the beginning of the esophagus.  (Wiki)
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Fig. 15.  This illustration depicts the entire course of the esophagus as well as two 
common ways of describing the anatomical portions of the esophagus.  (Wiki)

The pharynx is the musculomembranous passage between the mouth and the posterior 
nares and the larynx and esophagus (Fig. 14).  The esophagus begins at the level of 
the lower border of the cricoid cartilage and ends below the diaphragm in the stomach 
opposite the eleventh thoracic vertebra (Fig. 16).
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Fig. 16.  This illustration depicts the course of the esophagus ending in the stomach 
below the level of the diaphragm.  (Wiki)

The esophagus has a length which varies between 25 to 30 cm (9.84 to 11.41 inches).  
It has an average diameter of 2 cm (0.79 inches), being narrowest at its beginning (1.5 
cm).  This is characteristic of tubes in the body, and its significance lies in the fact that 
material entering the esophagus will be able to pass throughout its entire length.  The 
entrance into the esophagus is controlled by the inferior pharyngeal constrictor muscle, 
which open only on swallowing or vomiting.
The esophagus has three anatomic constrictions.  The first is at the esophageal 
inlet, which has just been described.  As previously indicated the esophageal inlet 
occurs at the level of the lower border of the cricoid cartilage (Fig. 17).  The second 
anatomic constriction is where its anterior surface is crossed by the aortic arch 
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and the left bronchus (Fig. 18).  The third anatomic constriction is where the 
esophagus passes through the diaphragm at the level of T10 (the tenth thoracic 
vertebra) (Fig. 17).

Fig. 17.  This illustration depicts the upper and lower esophageal sphincters.  (WebMD) 
(Wiki)
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Fig. 18.  Although this illustration does not denote the second anatomic constriction, it 
does show its anatomic location, which is were the aortic arch and the left bronchus 
cross the esophagus.  (Wiki)

The cervical esophagus lies directly behind the trachea and in front of the vertebral 
column and prevertebral musculature.  Laterally it is bordered by the lateral lobes of the 
thyroid gland and the carotid sheaths (Figs. 15 & 19).  The recurrent (inferior) 
laryngeal nerves ascend between the trachea and the esophagus.  There is a right and 
left recurrent laryngeal nerve.  These nerves are branches of the vagus nerve, which 
is the tenth cranial nerve (CN X), that supplies the motor function and sensation to the 
larynx and the upper one-third of the esophagus.
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The esophagus has an inner circular and an outer longitudinal layer of muscle (Fig. 20).  
Food passes through the esophagus with extreme rapidity under the influence of the 
peristalic activity of its musculature.
The blood vessels, lymphatics (Fig. 20), and nerves of the esophagus are supplied 
regionally along its length.  The arterial supply in the cervical region is supplied by 
branches of the inferior thyroid artery.  Its venous drainage is to the inferior thyroid 
veins.  The lymphatic drainage is to the paratracheal and the inferior deep cervical 
lymph nodes.  The nerves of the esophagus include an autonomic supply to its glands 
and smooth muscle and an innervation to the striated muscle of its cervical and upper 
thoracic parts.  Part of the autonomic supply is through the recurrent laryngeal 
nerves, providing both the parasympathetic and muscular innervations at the cervical 
levels; the sympathetic component of the autonomic supply is provided from the 
cervical sympathetic trunk.

Fig. 19.  This illustration shows the location of the cervical, thoracic and abdominal parts 
of the esophagus.  (Wiki)
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Fig. 20.  This illustration shows the location of the outer longitudinal and inner circular 
layer of muscles located within the Muscularis propria of the esophageal wall.  (CCF) 
(Wiki)

The thoracic esophagus lies behind the trachea and in front of the vertebral column 
and paravertebral musculatures as it passes through the superior mediastinum (Figs. 15 
&19).  It then descends into the posterior mediastinum along the right side of the 
thoracic aorta.  As the esophagus continues to descend in the thorax it passes onto the 
front of the aorta approximately at the level of the eighth thoracic vertebra.  It lies to the 
left of and partially overlaps the azygos vein, and the thoracic duct ascends between it 
and the azygos vein.  As it descends the esophagus crosses the right posterior 
intercostal arteries.
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The thoracic esophagus receives its arterial supply from branches of the bronchial 
arteries and the thoracic aorta.  Its venous drainage is into the azygos and 
hemiazygos veins.  What is important to remember is the esophageal veins can serve 
as a connection between the portal vein below and the azygos and superior caval 
systems above thus, the esophageal veins can serve as an important collateral 
drainage route for portal blood.  The lymphatics of the esophagus arise mainly in the 
mucosa (Fig. 20).  The thoracic esophageal lymphatics drain into the paratracheal and 
posterior mediastinal nodes.
The nerve supply of the thoracic portion of the esophagus is through a plexus of 
nerves formed by the right and left vagus nerves.  The right vagus principally supplies 
the back of the esophagus, but also sends a branch to supply the anterior surface.  The 
left vagus primarily supplies the front of the esophagus, but also sends a branch to the 
posterior surface.  The thoracic esophagus also receives fine branches from the 
thoracic greater splanchnic nerve, which arises from the fifth to the ninth or tenth 
sympathetic ganglia or trunk.  The greater splanchnic nerve also sends fine branches 
to the aorta and the thoracic duct.  Remember, the striated musculature of the upper 
one-third of the esophagus is supplied by the recurrent laryngeal nerves, and its glands 
are innervated by the same nerve and branches from the cervical sympathetic trunk.
The abdominal esophagus is short and funnel-shaped (Figs. 15 & 19).  It grooves the 
left lobe of the liver and is covered by peritoneum only in front and on the left side.  It 
ends in the stomach, after a course of about 1.25 to 1.5 cm, at the level of the eleventh 
thoracic vertebra.
The abdominal portion of the esophagus receives its arterial supply from the left gastric 
and left phrenic arteries.  Its venous drainage is into the left gastric (coronary) vein in 
the abdomen.  The lymphatic drainage is into the superior gastric node.
The esophageal plexus of nerves formed by the right and left vagus nerves and the 
above described sympathetic contributions from the greater splanchnic nerve, supply 
the smooth muscle and glands of the lower two-thirds of the esophagus.
B. Stomach: The stomach lies between the esophagus and the duodenum, which is the
first part of the small intestine.  It lies primarily in the left upper abdominal quadrant 
extending medially across the midline and frequently descends below the plane of the 
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umbilicus (Figs. 5, 8 & 10).  The top of the stomach lies against the left leaf of the 
diaphragm. Parts of the stomach referred to as the fundus and cardiac, lie directly 
beneath the inferior surface of the left lobe of the liver forming the gastric impression.  
The quadrate lobe of the liver lies next to the pylorus of the stomach and the first part 
of the duodenum.  There are occasions however, when the transverse colon lies 
between the duodenum and the quadrate lobe.  Lying behind the stomach is the 
pancreas (Figs 21 & 22).

Fig. 21.  This is an illustration of the anatomic portions of the stomach (cardia, fundus, 
body and pylorus), as well as the component parts of its wall.  Some include a fifth part, 
the antrum, which is next to the pylorus, where food is mixed with gastric juice.  (Wiki)
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Fig. 22.  This illustration shows the various anatomic relationships the stomach has with 
the liver, gallbladder, duodenum, transverse colon, and pancreas.  (Wiki)

Two sphincters keep the contents of the stomach contained.  These are the 
esophageal sphincter (cardiac), which is not a true sphincter, found in the cardiac 
region of the stomach and the pyloric sphincter separating the stomach from the first 
part of the small intestine, the duodenum.  
The esophageal sphincter, also referred to as the cardiac, esophogastric and lower 
esophageal sphincter, is not a true sphincter in that there is no obvious thickening of the 
muscle.  The muscle in this region normally remains contracted except when swallowing 
(alcohol relaxes it).  Also, the lower 1.25 to 1.5 cm of the esophagus is within the 
abdomen, where intra-abdominal pressure can keep it closed.  The esophageal hiatus 
of the diaphragm can also press on the esophageal wall.  Finally, the angle of entry of 
the esophagus into the stomach (cardiac incisure; angle of His) can result in a flap-like 
closure of the lower esophageal entry when the stomach is full.  Also, unlike the upper 
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esophageal sphincter, which contains striated muscle and is thus innervated by 
somatic nerves, the recurrent laryngeal nerve from below, and the pharyngeal nerve 
plexus from above, the lower esophageal sphincter contains no striated muscle.
The innervation of the lower esophageal sphincter is by both parasympathetic (vagus) 
and sympathetic (primarily splanchnic) nerves; however, the vagal pathways are the 
ones that are essential for reflex relaxation of the lower esophageal sphincter, such as 
that occurs during transient lower esophageal sphincter relaxations.  Vagal afferent 
sensory endings from the distal esophagus and the lower esophageal sphincter end in 
the nucleus tractus solitarius located along the length of the medulla and the lower 
pons.  The nucleus tractus solitarius carry and receives visceral sensation and taste 
from the facial (CN VII), glossopharyngeal (CN IX), and vagus (CN X) cranial 
nerves.  The preganglionic motor innervation of the lower esophageal sphincter 
arises from the dorsal motor nucleus of the vagus.  Together these nuclei comprise 
the dorsal vagal complex within which there is a neural network coordinating reflex 
control of the sphincter.
The esophagogastric junction is on the horizontal plane of the tip of the xiphoid 
process and to the left of the eleventh thoracic vertebral body.  The pyloric sphincter is 
located in the supine position, i.e., person is lying on their back, at the level of the body 
of the first and second lumbar vertebrae.
In an adult, the relaxed stomach contains approximately 45 ml.  During the process of 
eating the stomach typically expands to hold 1000 ml of food, however, if need be it can 
hold as much as 2000 to 3000 ml.  In contradistinction to the adult, the stomach of a 
newborn can only hold about 30 ml.  
The stomach receives mixed food and saliva from the esophagus.  When the stomach 
becomes partially filled, waves of contraction appear, which originate about halfway 
along its length and progress toward the terminal part of the stomach referred to as the 
pylorus.  These contractions become stronger as digestion continues, churning the 
food, mixing it with gastric juice to form a semiliquid known as chyme.  Liquids pass the 
pyloric sphincter almost immediately, but solid material may remain in the stomach for 
several hours before it is sufficiently liquefied to be passed on through the pylorus into 
the first part of the small intestine, the duodenum.  The primary function of the small 
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intestine is the absorption of nutrients and minerals found within the food we ingest.  
Progress of the chyme through the intestines is slow; on average it takes the chyme 
from three to five hours to traverse the entire length of the small intestine, with the more 
liquid chyme moving faster than the more viscous.  As in the stomach, the food is 
moved through the small intestine by a wave of contraction of smooth muscle within its 
wall; this wave of contraction is called peristalis.  The waves move slowly at about the 
rate of 1 cm per second and at regular intervals.
As indicated in Fig. 21, the stomach is divided into four anatomic parts, the cardia, 
fundus, body and pylorus.
Variations in the position of the stomach are determined by stature, body position, 
contents, respiratory movements and the degree of filling of adjacent organs.  In terms 
of stature differences, a tall, thin individual will contain viscera that tends to be long and 
thin, thus, their stomach may extend to the level of the pubis in the erect posture.  In 
contradistinction to this the stomach of a short, stocky person usually descends only a 
little, if any, below the level of the pyloric termination into the duodenum.  Likewise, 
erect and supine positions of the body will determine the location of the stomach.  
There is a normal variation of one to two vertebral levels between these two body 
positions.
The effect on the stomach of its contents is considerable.  The walls of the stomach 
collapse when empty, but are expanded when food is ingested, assuming almost a 
globular configuration.  Also, the weight of the contents has a dragging down effect, so 
that both the form and inferior limit of the stomach are affected.  The position of the 
stomach, as well as all abdominal viscera are affected by the movements of 
respiration.    With inspiration, the diaphragmatic leafs are pushed downward, thus 
displacing the abdominal viscera downward.  With expiration, the diaphragmatic leafs 
move in an upward direction, thus the abdominal viscera respond by moving upward.  
These observations have a profound effect when considering wound trajectory of either 
a missile or a knife. 
The stomach receives its arterial blood supply from all branches of the celiac trunk (left 
gastric artery, common hepatic artery and splenic artery) (Fig. 25).  Its venous drainage 
is into the portal vein, in common with the venous drainage of all other parts of the 
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gastrointestinal tract.  The lymph drainage of the stomach is to nodes of the celiac 
group.  The principle nerves of the stomach are derived from the anterior and 
posterior vagal trunks, which arise by resolution of the esophageal plexus.
Much of the sensation of pain arising from the stomach is poorly localized, and in 
common with other structures of foregut origin, is referred to the central epigastrium.  
Pain arising from the region of the gastroesophageal junction is typically referred to the 
lower retrosternal and subxiphoid areas.
The foregut is the anterior part of the gastrointestinal tract, extending from the mouth to 
the duodenum at the entrance of the bile duct, at which point it becomes continuous 
with the midgut.  Structures of the foregut are: esophagus, stomach, duodenum (1st and 
2nd parts), liver, gallbladder, inferior portion of the pancreas, spleen (it is located in the 
foregut region, it is however not a gut organ), and the superior portion of the pancreas.  
At the pylorus, the stomach empties into the first portion of the small intestinal tract, the 
duodenum.
C. Small Intestine and Mesentery: The small intestine is very convoluted as it lies
within the abdominal cavity, being suspended by a mesentery, except for the duodenum.  
It averages 22 feet 6 inches (6.9 m) in adult males and 23 feet 4 inches (7.1 m) in adult 
females.  However, it may be as short as 11 feet or as long as 25 feet. It is 
approximately 2.5 to 3 cm in diameter.  It is divided into three sections: duodenum, 
jejunum and ileum.
The duodenum is the first section of the small intestine, which is in a fixed and 
retroperitoneal position except the first 2 cm of the superior part, which is covered by 
peritoneum and thus is mobile.  The distal 3 cm of the first (superior) part, along with the 
rest of the duodenum is retroperitoneal in position and thus is immobile, except for the 
very end of the fourth portion of the duodenum, which is covered by peritoneum.  
It acquires its name from the fact that its length is equal to the breadth of twelve fingers 
(Latin: duodenum=digitorum or twelve fingers in breadths).  It consist of a hallow tube 
measuring 25 to 38 cm (9.84 to 14.96 inches) in length.  At its superior end it is 
continuous with the stomach and at the other end continuous with the second part of the 
small intestine, the jejunum at the ligament of Treitz (Fig. 23)
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The duodenum participates in the regulation of the rate in which ingested food leaves 
the stomach along with the stomach itself.

Fig. 23.  This illustration depicts the location of the duodenum in relation to the stomach 
and jejunum.  (Wiki)

The duodenum is divided into four parts.  The first part lies to the right side of the first 
lumbar vertebra.  It is overlaid by the gallbladder and quadrate lobe of the liver.  
Immediately posterior is the common bile duct, gastroduodenal artery, portal vein and 
the inferior vena cava.  Directly below and behind it is the head of the pancreas.  It is 
short, measuring 5 cm (1.97 inches) in length (Fig. 24).
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The second part of the duodenum is called the descending portion.  It descends 
retroperitoneally along the right side of the first, second and third lumbar vertebrae.  The 
mid-third is crossed by the transverse colon.  The superior third of the second portion is 
overlaid by the right lobe of the liver.  It overlies the hilum of the right kidney, the renal 
vessels, the inferior vena cava, and the psoas muscles.  The medial surface is in 
contact with the head of the pancreas.  Also, at the junction of the middle and lower 
thirds of the second portion of the duodenum, the common bile duct and pancreatic duct 
penetrate the posterior medial wall, passing through the major duodenal papilla called 
the ampulla of Vater.  This portion of the duodenum also contains a minor duodenal 
papilla called the ampulla of Santorini, which serves for the entrance of the accessory 
pancreatic duct along the anterior medial wall.  The second portion of the duodenum 
measures 7 to 10 cm (2.76 to 3.93 inches) (Fig. 24).

Fig. 24.  This illustration shows the four parts of the duodenum.  CBD refers to the 
common bile duct.  Although, the accessory duct of Santorini (pancreatic duct) is 
depicted, its entrance along the anterior medial wall through the ampulla of Santorini is 
not shown due to the fact the anterior, anterior medial and lateral walls of the duodenum 
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have been removed to show the internal surface of the posterior, posterior medial and 
lateral walls of the duodenum.  (Wiki)

The third part of the duodenum is referred to as the inferior portion, varying in length 
from 6 to 8 cm (2.36 to 3.15 inches) (Fig. 24).  It crosses the lower part of the body of 
the third lumbar vertebra.  It is separated from the vertebral column by the right psoas 
muscles, the left ureter, the inferior vena cava, the aorta, and the right testicular (or 
ovarian) vessels.  This portion of the duodenum is also retroperitoneal.  It is important to 
know that the superior mesenteric artery arises above and than crosses this portion of 
the duodenum.  The inferior mesenteric artery arises directly below this portion of the 
duodenum.
The fourth or ascending portion of the duodenum is short, measuring about 5 cm (1.97 
inches) (Fig. 24). This portion of the duodenum ascends on the left side of the vertebra, 
as well as the left or just anterior to the aorta and the left psoas muscles and the left  
testicular (or ovarian) vessels.  It ascends as far as the upper border of the second 
lumbar vertebra, reaching the inferior border of the pancreas.  At the inferior border of 
the pancreas it abruptly curves anteriorly and becomes continuous with the jejunum at 
the duodenojejunal flexure.  Although the major portion of the fourth part is 
retroperitoneal, its very end is covered by peritoneum.
There are two things you need to remember.  First, the root of the mesentery begins at 
the duodenojejunal flexure.  Second, the duodenojejunal flexure is stabilized by an 
important anatomical landmark, the ligament of Treitz.  This ligament is composed of 
connective tissue which arises around the celiac arterial trunk and from the right crus of 
the diaphragm and smooth muscle.  The smooth muscle component arises as an 
upward extension of the nonstriated muscle of the duodenum.
The duodenum receives its arterial blood supply from the superior and inferior 
pancreaticoduodenal arteries.  The first and second portions also receive contributions 
from the right gastric, supraduodenal, right gastroepiploic, hepatic and gastroduodenal 
arteries (Fig. 25).  The duodenal veins ultimately drain into the portal vein through the 
pancreaticoduodenal veins, superior and inferior.  The first and upper part of the second 
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portion may drain into the prepyloric veins.  The third and fourth portions may drain 
directly into the superior mesenteric vein.
The duodenal lymphatics drain to the anterior and posterior pancreatic nodes that lie in 
the anterior and posterior grooves between the head of the pancreas and the 
duodenum.  These nodes in turn drain into the suprapyloric, infrapyloric, 
hepatoduodenal, common hepatic and superior mesenteric nodes. 

Fig. 25.  This illustration shows the vascular supply to the stomach and duodenum.  
(Wiki)

The nerves of the duodenum are both parasympathetic and sympathetic.  The 
preganglionic parasympathetic supply is carried by the vagal nerves that are 
distributed through the celiac plexus and synapse on neurons in the duodenal wall.  The 
parasympathetics are secretomotor to the duodenal mucosa and motor to the duodenal 
musculature.
The preganglionic sympathetics originate from neurons in the intermediolateral 
columns of the gray matter in the fifth to the twelfth thoracic spinal segments.  They 
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pass through the greater and lesser splanchnic nerves to the celiac plexus where they 
synapse on neurons in the celiac ganglion.  The resulting postganglionic fibers are 
distributed to the duodenal wall through the periarterial plexuses on the branches of the 
celiac axis and superior mesenteric artery.  The sympathetic nerves are vasoconstrictor 
to the duodenal vasculature and inhibitory to the duodenal musculature.
Referred pain within the duodenum is to the central epigastrium.
The jejunum and ileum is that portion of the small intestine, which is suspended from 
the posterior wall of the abdominal cavity by the mesentery.  Remember, except for the 
superior 2 cm and the most distal segment of the fourth part of the duodenum, the 
duodenum is retroperitoneal.  The jejunum and ileum are being considered together due 
to the fact there is no clear gross morphology separating them.  The upper two-fifths 
(approximately 8 feet) is considered the jejunum; the lower three-fifths (approximately 
12 feet) is the ileum (Fig. 26)
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Fig. 26. The purple dotted line in the above illustration is an arbitrary line that can be 
used to separate the jejunum, which is to the upper left of the line and the ileum, which 
is to the downward and right of the line.  (Wiki)

From a forensic anatomical perspective, when doing the external exam, the upper one-
third of the jejuno-ileum occupies the left upper quadrant of the abdomen, the middle 
one-third is located in the middle of the abdominal cavity (periumbilical), and the lower 
one-third lies in the pelvis and the right iliac fossa.  The distal portion of the ileum is 
usually in the pelvis, from which it ascends over the right psoas muscles and the right 
iliac vessels to end in the medial aspect of the cecum (the first part of the large 
intestine).
When examining the small intestine grossly there is an anatomical point that can help 
you determine what portion of the jejuno-ileum you are examining.  The amount of fat 
within the layers of the attached mesentery increases progressively from above 
downward.  Thus, little fat exists in the mesentery of the upper jejunum, which allows 
you to readily observe patches of the mesentery in which the blood vessels are clearly 
visible.  As we descend the length of the jejuno-ileum these patches become less visible 
so that the mesentery becomes totally suffused by fat in the ileum thus, obscuring the 
blood vessels within the mesentery.
The wall of all sections of the small bowel is composed of four coats: mucosal, 
submucosal, muscular, and serous (Fig. 27).  The muscular coat of the jejunum and 
ileum is composed of a complete inner circular and outer longitudinal layers.  The 
circular layer is thicker than the longitudinal, and both of them become thinner toward 
the lower ileum.  The jejuno-ileum is covered by peritoneum except along the narrow 
strip between the attachment of the layers of the mesentery; through this narrow interval 
travels the blood vessels and nerves that supply it.
The superior mesenteric artery supplies the small intestine except the proximal part of 
the duodenum; it also supplies the cecum, the ascending colon, and most of the 
transverse colon.  The superior mesenteric artery arises from the aorta behind the neck 
of the pancreas at the level of the first lumbar vertebra (Fig. 28).
The venous drainage of the small bowel is to the superior mesenteric vein, which lies 
anterior and to the right of the superior mesenteric artery in the root of the mesentery.  It 
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ends behind the neck of the pancreas by joining the splenic vein to form the portal vein.  
The tributaries of the superior mesenteric vein include veins which correspond to the 
branches of the artery and some which do not (Fig. 29).

Fig. 27.  This illustration depicts the anatomy and histology of the small intestine.  (Wiki)

The lymphatic drainage of the small bowel is primarily to the superior mesenteric lymph 
nodes, which form a system in which the large central nodes at the root of the superior 
mesenteric artery receive the drainage from four subsidiary groups: mesenteric, 
ileocolic, right colic, and middle colic.  These nodes form a common pattern of 
distribution within all of these subsidiary groups, the smaller, more numerous nodes are 
located next to the intestinal tract along the anastomosing branches of the terminal 
arches, and larger, less numerous nodes are arranged along the arteries.  Drainage 
through the lymphatics connecting these nodes is from the periphery to the central parts 
of the system.
The superior mesenteric nodes lie next to the main stem of the superior mesenteric 
vessels in front of the duodenum and head of the pancreas.  These nodes receive all 
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drainage from the described subsidiary group of nodes, as well as part of the drainage 
of the pyloric nodes, the head of the pancreas, and the duodenum.  The superior 
mesenteric nodes drain in part to the celiac nodes and partly to the formation of the 
intestinal lymph trunk.

Fig. 28.  This illustration shows the distribution of the branches of the superior 
mesenteric artery supplying much of the small intestine and a substantive portion of the 
large intestine.  (Wiki)
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Fig. 29.  This illustration depicts the portal vein and its tributaries, the superior 
mesenteric vein and the splenic vein.  Lenal vein is an old term for the splenic vein.  
(Wiki)

The jejunum and ileum are innervated by a perivascular nerve plexus, which invest the 
superior mesenteric artery and its branches.  This perivascular nerve plexus is 
composed of parasympathetic preganglionic, sympathetic postganglionic, and 
afferent nerve fibers.  The parasympathetic fibers are derived from the celiac 
division of the posterior vagal trunk, and its sympathetic fibers arise in the superior 
mesenteric ganglion after synapsing with preganglionic fibers of the thoracic splanchnic 
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nerves, the cell bodies of which lie within the intermediolateral gray matter of the mid-
thoracic spinal segments.  Both the vagal parasympathetic innervation and the thoracic 
splanchnic sympathetic innervation of the gastrointestinal tract conclude with the end of 
the distribution of the superior mesenteric artery, at about the junction of the middle and 
left thirds of the transverse colon.  The vagal fibers end in the submucosal and 
myenteric plexuses of the intestinal tract where they synapse with intramural 
postganglionic neurons.
The sympathetic fibers are vasoconstrictor to the vasculature and inhibitory to the 
musculature of the jejunum and ileum.  The preganglionic parasympathetic fibers travel 
in the right and left vagus nerve and are secretomotor to the mucosa and motor to the 
musculature of the jejunum and ileum.
Referred pain arising in the jejunum and ileum is typically to the periumbilical region of 
the central aspect of the epigastrium.
The mesentery develops embryologically from two components, the ventral and dorsal 
mesenteries.  Through embryological development the ventral mesentery, which is 
derived from the caudal portion of the septum transversum, the cephalic portion takes 
part in the formation of the diaphragm, is for the most part absorbed except for some 
portions persisting in the upper abdomen.  These portions form parts of the peritoneum, 
with most of these being associated with the liver, such as in the falciform and coronary 
ligaments, which extend between the liver and the anterior abdominal wall and the 
diaphragm respectively, and the lesser omentum, which extends between the liver and 
stomach (Fig. 30).  In the adult, the mesenteries of the intestines are derived from the 
dorsal mesentery (Fig. 30).  For example, that portion of the dorsal mesentery attached 
to the greater curvature of the stomach is referred to as the greater omentum, while that 
part of the dorsal mesentery that suspends the transverse colon is the mesocolon.
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Fig. 30.  The mesentery is in red.  The ventral mesentery is the upper part of the circuit.  
The lower part is the dorsal mesentery.  (Wiki)

The mesentery of the small intestine is arranged as a complex fan formed by two layers 
of peritoneum separated by connective tissue and vessels, which attaches the jejuno-
ileum to the posterior wall of the abdominal cavity.  It is through these two layer of 
peritoneum that the blood and lymphatic vessels and nerves that supply most of the 
small intestine and part of the large bowel pass (Fig. 28, 29 & 31).  The root of the 
mesentery lies along the posterior surface of the abdominal cavity, forming a line that 
runs diagonally from the duodenojejunal flexure on the left side of the second lumbar 
vertebral body to the right of the sacroiliac joint in the right iliac fossa.  As it descends, 
the root crosses the third part of the duodenum, aorta, inferior vena cava, right ureter, 
right psoas major muscle, and the right gonadal artery (testicular or ovarian).  The 
average length of the root of the mesentery is 15 cm (5.9 inches) in adults, while along 
its intestinal border, it assumes the same length of the jejuno-ileum, which is 
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approximately 5 meters (16.485 feet), thus, it assumes the configuration of a highly 
folded fan (Fig. 31).

  

Fig. 31.  Fan shaped mesentery attached to the small intestine.  (Wiki)

The root of the mesentery of the small intestine is continuous with the peritoneum 
surrounding the appendix and cecum in the right iliac fossa.
D. Vermiform Appendix: The appendix embryologically developed from the cecum, to
which it is attached along its posteromedial wall.  It is located in the right lower 
abdominal quadrant.  Its root, which is the only fixed point of the appendix, is located 
approximately 3 cm below the ileocecal valve (Fig. 32). If you project the root to the 
abdominal surface, it is located at the junction of the right semilunar line and the 
interspinous line (anterior superior iliac spine to the anterior superior iliac spine).  Most 
commonly, the tip of the appendix lies retrocecally or hangs over the brim of the pelvis. 
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Fig. 32.  This is an illustration of the terminal ileum, cecum with attached vermiform 
appendix, ascending, transverse, descending and sigmoid colon, rectum and anus.  
(Wiki) 

The vermiform appendix is considered a vestigial structure in human beings because it 
has lost all or most of its original function through the evolutionary process.  It is the 
shrunken remainder of the cecum from which it was originally believed to represent the 
tapered tip of the cecum.  There was a point in our evolution, that our diet, much like 
that of herbivores, consisted of plant material.  It was thus necessary for us to have 
mutualistic bacteria to help us digest the cellulose molecules found in plants.  These 
bacteria where contained within an extension of the cecum, the vermiform appendix.  As 
we evolved our diet changed, such that we are no longer capable of digesting more 
than a minimal amount of cellulose per day, consequently it was no longer necessary for 
us to need mutualistic bacteria to digest plant material.  As this evolutionary process 
continued, the appendix began to decrease in size for it was no longer needed.  This 
evolutionary concept was put forth by Charles Darwin.  He suggested that the appendix 
was originally used for digesting leaves as primates.  The very long cecum of some 
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herbivorous animals, such as found in the horse, supports this theory.  As people began 
to eat more easily digested foods, they became less reliant on cellulose-rich plants, thus 
the extension of the cecum, the vermiform appendix, was no longer needed.
This is not to say that the appendix no longer has any function, for vestigial organs can 
develop other uses when their original function is no longer required.  Some scientist, 
such as Loren G. Martin, a professor of physiology at Oklahoma State University, 
believe the appendix functions as a lymphatic organ.  It does so because it contains 
abundant infection fighting lymphoid cells, suggesting it plays a role in the development 
of our immune system.  Zahid suggests the appendix plays a role in both the 
manufacture of hormones in fetal development, as well as functioning to prime the 
immune system so that when there is exposure to antigens, the immune system 
responds by making antibodies. 
The appendix is a much narrowed tube in the adult (“vermiform” is Latin for “worm-like”), 
varying between 2 and 20 cm in length; its average length is about 8 cm.  It is often 
relatively longer in children and appears to atrophy and shorten in mid-adult life.  The 
appendix has a complete peritoneal covering and a small mesentery, called the 
mesoappendix (mesenteriolum of the appendix).  The appendicular vessels run near the 
free margin of the mesoappendix (Fig. 33).  The three taeniae coli on the ascending 
colon and cecum converge at the root of the appendix, and merge into its longitudinal 
muscle.  The taeniae coli will be further discussed under the large intestine section Fig. 
34, page 45).
The lumen of the appendix is small but typically, has a complete opening into the lumen 
of the cecum.  However, although this is true in children, it is often partially or 
completely closed in the older adult.  Sometimes this opening is guarded by a straight 
mucosal fold forming an asymmetrical valve (Fig. 35).
Referred pain in the early stages of inflammation of the appendix, is to the periumbilical 
region, as us true of all structures arising from the midgut (all parts of the duodenum 
except the first and second, jejunum, ileum, cecum, appendix, ascending colon, 
proximal two-thirds of the transverse colon).  When the inflammation has extended to 
the parietal tissues next to the appendix the pain becomes more localized to the right 
lower abdominal quadrant, McBurneyʼs point (Fig. 4).
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Fig. 32.  This illustration shows the terminal ileum and cecum with the attached 
mesentery and the vermiform appendix with its mesoappendix.  Unlike the ascending 
colon, which is retroperitoneal, the cecum is usually covered completely by peritoneum 
as is the appendix.  (Wiki)

E. The Large Intestine: The large intestine is continuous with the ileum.  It begins in
the right iliac region of the pelvis at the level of or immediately below the right side of the 
waist line as the cecum, which is within the abdominal cavity and thus covered with 
peritoneum.  The cecum ends at the level of the ileocecal valve.  From this point the 
colon ascends as the ascending colon along the right side of the abdomen in a 
retroperitoneal position.  Thus, it is covered with peritoneum on its anterior surface 
and sides, with its posterior surface being covered by loose areolar tissue.  However, 
there are occasions, approximately 25% of people, in which the peritoneum completely 
covers the ascending colon and thus it has a mesentery (mesocolon).  It ascends until it 
reaches the undersurface of the right lobe of the liver, reaching a shallow depression, 
the colic impression, immediately to the right of the gallbladder (Fig. 33).  At this point it 
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turns sharply anterior and to the left, forming the hepatic (right colic) flexure, extending 
across the abdominal cavity as the transverse colon.  If you use the nine regional 
scheme illustrated in Fig. 11, the transverse colon extends from the right hypochondriac 
region across the abdomen through the epigastric and umbilical regions, into the left 
hypochondriac region, where directly beneath the spleen, it turns sharply downward 
forming the splenic (left colic) flexure.  Here the phrenicocolic ligament holds it into 
contact with the inferior border of the spleen. The transverse colon is within the 
abdominal cavity and thus, is almost completely covered by peritoneum except for its 
attachment posteriorly by the transverse mesocolon on a line which crosses the second 
part of the duodenum, passing across the pancreas except for its distal extremity.  The 
transverse colon is further attached along its whole length to the greater curvature of the 
stomach by the gastrocolic ligament.  The omental apron is fixed to the anterior surface 
and hangs below it.  The transverse colon is the largest and most movable part of the 
large intestine (Fig. 33).  Following turning on itself the transverse colon joins with the 
descending colon, which descends along the right side of the abdomen.  The 
descending colon extends downward from the left hypochondrium and lumbar regions 
along the lateral border of the left kidney, descending over the quadratus lumborum 
muscle to the iliac fossa.  It is retroperitoneal, as is true of the ascending colon, with 
peritoneum covering its anterior surface and sides.  Its posterior surface is covered by 
loose areolar tissue (Fig. 33).
In approximately 33% of people it has a mesentery (mesocolon) being covered 
completely by peritoneum, including its posterior surface.  In the iliac fossa the 
descending colon curves medialward and downward in front of the iliacus and psoas 
muscles and ends at the pelvic brim in the sigmoid colon.  The sigmoid colon is 
characterized by its S-shaped loop and by the presence of a mesocolon, thus it is not 
retroperitoneal and is completely covered by peritoneum.  However, technically it is 
located within the pelvic cavity, but due to its mobility it is often displaced into the 
abdominal cavity.  It begins at the brim of the pelvis on the left side and passes across 
to the right and upward and then back and down to end at the median line opposite the 
third segment of the sacrum (Fig. 33).  It is at this anatomic location it joins the rectum, 
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the upper two-thirds of which is retroperitoneal, the lower third being extraperitoneal.  
The rectum ends in the anal canal.  The large intestine is approximately 5 feet
in length.

Fig. 33.  This illustration depicts the parts of the large intestine except for the rectum 
and the anal canal, which will be described in the chapter on the Pelvis.  (Wiki)

The large intestine is distinguished by three surface features, which separate it from the 
small intestine.  The first anatomic distinguishing feature is the longitudinal musculature 
of the large intestine is not as complete as that of the small intestine.  This results in the 
formation of three separate bands of smooth muscle known as the taeniae coli on the 
outside of the cecum, ascending, transverse, descending and sigmoid colon (Fig. 34).  
The second anatomic feature is related to the fact the longitudinal bands of smooth 
muscle, taeniae coli, are about one-sixth shorter than the colon, so that the wall is 
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forced to bulge between the taeniae forming three rows of sacculations known as the 
haustra coli, alternating between the taeniae (Fig. 34).  The third surface anatomic 
feature of the large intestine is the presence along its length of epiploic appendages.  
These are fat-filled slender pouches of peritoneum that project from the serous coat of 
the large intestine except on the rectum (Fig. 34). 

Fig. 34.  This is an illustration showing the taenia coli, hasutra and epiploic appendages.  
(Wiki)

Between the sacculations of the wall of the large intestine produced by the taeniae, the 
wall is puckered and thrown into folds in the interior.  These folds have a crescentric 
form and are designated as the semilunar folds in contrast with the circular folds of 
the small intestine (Figs. 35, 36 and 37). 
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Fig. 35.  This is an illustration of the terminal ileum, appendix, cecum and ascending 
colon.  a) ileum; b) cecum; c) ascending colon; d) appendix; e) orifice and valve of the 
appendix; f) ileocecal valve; g) semilunar fold; h) haustra coli; i) peritoneum; k) tunica 
serosa: l) ileum, mucosa.  (Wiki)
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Fig. 36.  This is an actual photograph of the ileocecal valve.  Note also the semilunar 
folds of the ascending colon.  (Wiki)
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Fig. 37.  The above is a photograph of the circular folds of the small intestine.  (Wiki)

The large intestines function is to absorb water from the remaining indigestible food 
matter along with vitamins, which are created by the colonic bacteria, such as vitamin K, 
vitamin B₁₂, thiamine and riboflavin.  It also compacts the feces, and stores fecal matter 
in the rectum until it can be discharged in defecation.
As previously discussed the arterial blood supply of the cecum, the ascending colon, 
and most of the transverse colon is by the superior mesenteric artery (Fig. 38).  This 
artery supplies those structures arising from the midgut.  The distal one-third of the 
transverse colon, descending colon, the sigmoid colon, and the greater part of the 
rectum are supplied by the inferior mesenteric artery (Fig. 38).  This artery arises from 
the aorta about 3 to 4 cm above its bifurcation, just below the third portion of the 
duodenum at the level of the third lumbar vertebra.  Proximally, its
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Fig. 38.  The above illustration depicts the distribution of the superior mesenteric artery 
and inferior mesenteric arteries.  (Wiki)

territory of distribution overlaps with the middle colic artery, which is a branch of the 
superior mesenteric artery.  The superior mesenteric artery and the inferior mesenteric 
artery anastomose through the marginal artery of the colon, also known as the artery of 
Drummond (Fig. 39).  The territory of distribution of the inferior mesenteric artery is 
reasonably equivalent to the embryonic hindgut (distal third of the transverse colon, 
descending and sigmoid colon, and the recturm). 

Fig. 39.  In this illustration, the marginal artery of Drummond is located immediately 
above “Marginal Anastomosis.”   It was named after Sir David Drummond (1852-1932) 
an English physician.  It is sometimes absent as an anatomical variant.  (Wiki)
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The inferior mesenteric vein corresponds in pattern to the artery, which it accompanies 
(Fig. 40).  In approximately 40% of people it ends in the superior mesenteric vein.

Fig. 40.  This illustration shows the tributaries of the portal venous system of which the 
interior mesenteric vein is one, typically draining into the splenic vein, although in 40% 
of people it will drain into the superior mesenteric vein.  
In this illustration the #1 represents the esophageal plexus, which drains into the portal 
venous system through the left gastric vein.  It also drains into the superior vena cava 
through the azygos veins (light blue vein at the top right (illustrationʼs right) of the 
esophageal plexus.  The #2 denotes the rectal plexus, which drains into the portal 
venous system through the superior rectal, inferior mesenteric and splenic veins.  Like 
the esophageal plexus it also drains into the inferior vena cava through the middle and 
inferior rectal veins (light blue veins exiting the rectal plexus) and then into the pudendal 
and internal iliac vein to the inferior vena cava. #3 represents the paraumbilical veins, 
which drain into the portal venous system through the paraumbilical vein directly into the 
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portal vein.  The paraumbilical veins also drain into the superior and inferior vena cava.  
It reaches the superior vena cava by passing upward to the thoracoepigastric vein, then 
the lateral thoracic vein, subclavian vein into the superior vena cava (not shown in the 
illustration).  It drains into the inferior vena cava by passing downward to the superficial 
inferior epigastric vein, then to the femoral vein, external iliac vein, ending in the inferior 
vena cava.
The purpose of this discussion is to lay the foundation of what occurs when the portal 
blood can no longer pass through the liver due to disease.  In such cases the blood will 
return to the heart typically through the superior or inferior vena cavae.  The blood will 
pass backward through the portal vein into the left gastric, paraumbilical or superior 
rectal veins, which become enlarged, ultimately leading to esophageal varices, marked 
dilatation and congestion of the rectal plexus and paraumbilical veins.  
Esophageal varices can lead to fatal gastrointestinal hemorrhage; dilatation of the rectal 
plexus can lead to hemorrhoids with pain and hemorrhage; and dilatation of the 
paraumbilical veins will manifest by visible signs of venous enlargement and tortuosity 
on the surface of the abdomen referred to as caput medusae.

The drainage of the lymphatic vessels of the cecum, ascending colon and the proximal 
two-thirds of the transverse colon follow the distribution of the superior mesenteric 
vascular system.  The distal third of the transverse colon and the descending colon 
drain into the nodes along the left colic artery, which is a branch of the inferior 
mesenteric artery.  The lymphatics from the sigmoid colon drain into the sigmoid nodes 
located in the sigmoid mesocolon, which then join the superior rectal and left colic 
vessels.  All of these nodes drain into the inferior mesenteric nodes.
The sympathetic nerve to the appendix, cecum, ascending colon and the right two-
thirds of the transverse colon originate in the fifth to the twelfth thoracic spinal 
segments.  The preganglionic fibers arising in these segments reach the celiac and 
superior mesenteric plexuses through the greater and lesser splanchnic nerves.  Within 
these plexuses the preganglionic fibers synapse with ganglionic neurons, which in turn 
form the postganglionic fibers.  These postganglionic fibers reach their appendiceal, 
cecal and colonic destination by traveling along the branches of the superior mesenteric 
artery as periarterial plexuses. 
The sympathetic nerve supply to the left third of the transverse colon and the 
descending and sigmoid colon arise in the first and second lumbar spinal segments.  
From these segments the preganglionic fibers travel in the upper splanchnic nerves 
and synapse with neurons in the abdominal aortic and inferior mesenteric plexuses.  
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The postganglionic fibers arising from these neurons reach the distal third of the 
transverse colon and the descending and sigmoid colon through the branches of the 
inferior mesenteric artery.  The sympathetic nerves are inhibitory to the mural muscles 
of the colon and cause vasoconstriction of the colonic vasculature.
The parasympathetic nerve supply to the appendix, cecum, ascending colon and the 
right two-thirds of the transverse colon arises from the vagus nerve through the celiac 
and superior mesenteric plexus.
The parasympathetic nerve innervation of the left third of the transverse colon, the 
descending and sigmoid colon takes origin in neurons within the second to the fourth 
sacral spinal segments.  Their fibers travel with the pelvic splanchnic nerves.  Some of 
these fibers also travel through the inferior and superior hypogastric plexuses and along 
branches of the inferior mesenteric artery as a periarterial plexus.  However, some of 
the parasympathetic fibers travel directly through the retroperitoneum independent of 
the inferior mesenteric artery, to supply the distal third of the transverse colon, 
descending and the sigmoid colon.  The parasympathetic nerves are secretomotor to 
colic glands and motor to colic musculature.
Afferent impulses mediating the sensations of distention are carried by visceral 
afferent fibers, which travel with the parasympathetic nerves.
Referred pain from the descending and sigmoid colon is typically to the left lower 
abdominal quadrant and occasionally to the back, perianal and posterior thigh areas.
F. Liver: The liver is the largest of the abdominal organs.  In the infant it accounts for
approximately 5% of the total body weight, whereas in the adult it typically accounts for 
2% of the total body weight or about 1.5 kilograms (3.3 pounds).  The liver continues to 
grow from infancy to about 18 years of age, at which point its growth ceases remaining 
stable until middle age when it begins to gradually decrease in size.  It has an overall 
wedge shape, which is in part determined by the configuration of the upper abdominal 
cavity into which it grows.  The liver occupies much of the right upper abdominal 
quadrant and conforms to the concavity of the diaphragm.  It rises to its highest point 
behind the fifth rib in the right mammary line.  It extends across the abdominal median 
line superiorly in the plane of the xiphosternal junction and ends on the left just below 
the apex of the heart (the left fifth intercostal space approximately 8 cm (3.15 inches) 
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from the median line).  The inferior margin of the liver is oblique, leaving the left leaf of 
the diaphragm just below the apex of the heart.  It continues to descend diagonally, 
passing the left costal margin at the junction of the costal cartilage of the eight rib with 
that of the seventh, and, in the median line, is about midway between the xiphoid 
process and the umbilicus.  The inferior border reaches the right costal margin at the tip 
of the ninth costal cartilage and then follows the costal margin downward and posteriorly  
(Fig. 41).

Fig. 41.  The illustration on the left shows the anatomic positions of the organs of the 
chest and abdomen as well as the location of the vertebrae and ribs.  The illustration on 
the right shows the corresponding nine region scheme.  (Wiki)

Although technically the surfaces of the liver are divided into superior, anterior, right, 
posterior and inferior surfaces, the superior, anterior and right surfaces are continuous 
and have not definable borders to separate them.  Also, trying to explain these surfaces 
to law enforcement personnel, attorneys and juries leads to confusion.  It is more 
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appropriate and easier for everyone to understand to describe the surfaces of the liver 
in terms of a diaphragmatic surface and visceral surface, which are separated by the 
inferior border (Figs. 42 & 43).
   

Fig. 42.  This is an illustration of the diaphragmatic surface and inferior border of the 
liver.  (Wiki)
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Fig. 43.  This is an illustration of the visceral surface of the liver.  (Wiki)

Grossly the liver is divided into four lobes: right, left, quadrate and caudate (Fig. 44).  
This division into four lobes assumes roughly an H shaped configuration on its visceral 
surface, which is defined by the porta of the liver, the fossae for the gallbladder and the 
inferior vena cava, and the deeper fissures for the ligamentum teres and the 
ligamentum venosum.
When looking at the diaphragmatic and visceral surfaces of the liver you will note a 
number of impressions.  On the diaphragmatic surface is a shallow fossa, the cardiac 
impression, where the heart rests on the liver through the diaphragm (this is not 
identified in Fig. 42).  On the visceral surface of the left lobe of the liver is the concave 
gastric impression formed by the left lobe of the liver resting on the stomach (Fig. 43).  
Immediately medial to the gastric impression is the esophageal impression Fig. 43).  
Although not forming an impression, the pylorus rest against the quadrate lobe and the 
first part of the duodenum rest against the gallbladder, which does form a faint 

56



impression as shown above (Fig. 43).  At the time of the autopsy you will often note the 
first portion of the duodenum to be stained with bile.  This is due to the first portion of 
the duodenum resting against the gallbladder.   Examination of the visceral surface of 
the right lobe shows the renal impression formed by the contact with the upper part of 
the right kidney and adrenal gland (Fig. 43).  The fourth impression is formed by the 
contact of the visceral surface of the right lobe with the hepatic (right colic) flexure of 
the colon (Fig. 43).

Fig. 44.  This illustration depicts the four lobes of the liver.  (Wiki)

From a functional standpoint the liver can be divided into nine segments according to 
Couinaud.  These functional segments are based on the distribution of the portal 
venous branches and the location of the hepatic veins in the parenchyma of the liver 
(Fig. 45).  These segments are mentioned only for the sake of completeness and will 
not be further described for they do not play a pragmatic role in the examination of the 
liver by a forensic pathologist.
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Fig. 45.  The above illustration shows the liver is separated into nine anatomic 
segments, each with an independent arterial blood supply and venous and biliary 
drainage.  (Wiki).

There is another division of the liver, which is used by those surgeons who specialize in 
surgery of the liver.  They divide the liver into fissures of which there are three major 
divisions, which are not visible on the surface of the liver, but are determined 
intraparenchymally by the location of the three main hepatic veins as depicted in Fig. 
45. The three major divisions are the main, left and right portal fissures.  There are also 
three minor fissures, which are seen on the surface of the liver, the umbilical, venous 
and fissure of Ganz (Gans).  This also will not be further discussed.
From a parenchymal standpoint (physiologic-anatomic) the basic functional unit of the 
liver is the liver lobule, which is a hexagonal structure several millimeters in length and 
0.8 to 2 mm in diameter.  The liver contains between 50,000 to 100,000 individual 
lobules (Figs. 46 & 47). 
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Fig. 46.  The above is an illustration of the fundamental structure of a liver lobule and 
how they are arranged within the parenchyma of the liver.  (Wiki)
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Fig. 47.  The above is a photomicrograph of a microscopic slide of a normal liver 
outlining the liver lobule.  (Wiki)

As shown in Figs. 46 and 47, the lobule appears to be hexagonal on cross section with 
a central vein at its center and a portal vein, hepatic artery and bile ducts at its 
periphery.  The lobule itself is composed principally of many liver cellular plates, easily 
seen in Figs. 46, 48 & 51, that radiate from the central vein much like spokes in a wheel.  
Each cellular plate is typically two cells thick.  Lying within the hepatic cellular plates and 
between the bases of the hepatocytes are hepatic stellate cells (Fig. 48).  These cells 
are believed to be parenchymal in origin and are characterized by numerous 
cytoplasmic lipid droplets.  These cells secrete most of the intralobular matrix 
components, including type III collagen fibers.  They store fat soluble vitamin A in their 
lipid droplets and are a significant source of growth factors active in liver homeostasis 
and regeneration.  Between the adjacent cells lie small bile canaliculi that empty into 
the bile ducts in the fibrous septa (interlobular septa), which separate each adjacent 
liver lobule.  The interlobular bile ducts ultimately join to form segmental ducts.  The

60



Fig. 48.  This illustration shows the architecture of the liver at the microscopic level.  In 
the liver, blood flows from portal vessels through sinusoids to central efferent veins.  
Sinusoids are liver specific capillaries with fenestrated endothelial cells, hepatic stellate 
cells (Ito cells) and blood cells such as liver resident macrophages (Kupffer cells).  
Hepatocytes are highly polarized cells forming cords, and plates of hepatocytes are 
lined by sinusoidal capillaries that radiate towards a central vein.  Tight junctions formed 
between hepatocytes create a canaliculus that surrounds each hepatocyte.  Bile salts 
produced in hepatocytes are excreted into canaliculi that are linked to bile salts.  The 
region that connects the bile canaliculus and the biliary tree is called the ʻcanals of 
Hering.ʼ  (Wiki)

segmental ducts fuse close to the porta hepatis into right and left hepatic ducts (Fig. 
49).  The bile canaliculi, intralobular bile ducts and segmental ducts constitute the 
intrahepatic biliary tree.  The extrahepatic biliary tree consists of the right and left 
hepatic ducts, the common hepatic duct, the cystic duct, the gallbladder and the 
common bile duct, the description of which is forth coming.
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Fig. 49.  This illustration if of the hepatic lobule viewed parallel to its longitudinal 
dimension showing the distribution of the arteries, veins and bile ducts.  (Wiki)

The liver secretes typically between 600 and 1000 ml of bile per day.  The secretion of 
bile by the liver is largely independent of nervous control.  Bile has two important 
functions.  First, bile aids in fat digestion and absorption through its bile acids.  These 
bile acids help emulsify the large fat particles of the food into many minute particles, 
which are then acted on by lipase enzymes produced by the pancreas.  They also 
participate in the absorption of the digested fat end products produced by the liipase 
enzymes through the intestinal mucosa membrane.  Furthermore, bile serves as a 
means of the excretion of the breakdown products from the blood.  These include 
bilirubin, an end product of hemoglobin destruction, and excesses of cholesterol.
Within the fibrous septa you also find the portal venules, hepatic arterioles and 
lymphatic ducts.  From a functional standpoint, venous blood from the 
gastrointestinal tract enters the portal vein and ultimately passes into the portal venules.  
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From the portal venules the blood flows into branching hepatic sinusoids that lie 
between the hepatic cellular plates reaching the central vein.  Thus, the hepatic cells 
are exposed continuously to portal venous blood.  The central veins in turn drain into 
larger sublobular veins, which then join to form collecting veins, which are tributaries of 
the hepatic veins.  The hepatic veins drain into the inferior vena cava (Fig. 50).
On average about 1050 ml of blood flows from the portal vein into the liver sinusoids per 
minute, with an additional 300 ml flowing into the sinusoids from the hepatic artery, the 
total averaging about 1350 ml/min.  This amounts to 27% of the resting cardiac output.  
Thus, blunt force traumatic injuries involving the liver can have serious consequences.  
Also, it is important to remember that at any point, the liver typically contains 450 ml of 
blood, which is about 10% of the bodyʼs total blood volume.  Should the person have 
right heart failure the volume of blood in the liver at any moment can be as high as 1000 
ml.
The hepatic arterioles, within the interlobular septa, supply arterial blood to the septal 
tissues between the adjacent lobules, and many of the small arterioles empty directly 
into the hepatic sinusoids as just indicated above (Fig. 50).  The hepatic arterioles have 
their ultimate origin from the common hepatic artery, which arises from the celiac trunk.  
It is a short blood vessel, which giver rise to three branches: the common hepatic 
artery, left gastric artery and the splenic artery.  The hepatic artery proper divides 
into the right and left hepatic arteries at the porta hepatis, which in turn enter the 
parenchyma of the liver.  Both of these arteries create to many branches within the liver 
that culminate into the hepatic arterioles located in the interlobular septa.
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Fig. 50.  This illustration shows the direction of flow for arterial and venous blood and 
bile.  (Wiki)

Between the hepatic venous sinusoids and cellular plates formed by the hepatic cells 
are two other cell types: endothelial cells and Kupffer cells, which are also called 
reticuloendothelial cells (Figs. 48 & 51)).  The Kupffer cells are resident macrophages 
that line the venous sinusoids whose function is to phagocytize bacteria that are 
normally found in the portal venous system, as well as foreign material.
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Fig. 51.  This illustration shows the components of the liver lobule.  (Wiki)

The endothelial cells, which also line the sinusoids have extremely large pores, some of 
which are almost 1 micrometer in diameter.  Beneath the endothelial cells and between 
them and the hepatic cells forming the cellular plates, are narrow spaces called the 
spaces of Disse, also known as the perisinusoidal spaces.  The spaces of Disse 
connect with the lymphatic vessels in the interlobular septa.  Due to the large pores in 
the endothelial cells, substances in the plasma, including large portions of the plasma 
proteins, diffuse freely into the spaces of Disse (Fig. 52).  The lymph draining from the
liver typically has a protein concentration of about 6 g/dl, which is only slightly less than 
the protein concentration of plasma.  The amount of lymph formed by the liver is 
substantive, such that, about half of all lymph formed in the body under resting 
conditions arises in the liver.
The functions of the liver are filtration and storage of blood; metabolism of 
carbohydrates, proteins, fats, hormones, and foreign chemicals; storage of vitamins and 
iron; formation of coagulation factors; and the formation of bile.
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Fig. 52.  This illustration shows the location of the space of Disse.  (Wiki)

The hepatic parenchyma is innervated by nerves which arise from the hepatic plexus.  
The hepatic plexus contains both sympathetic and parasympathetic fibers.  They 
enter the liver at the porta hepatis with most accompany the hepatic arteries, portal vein 
and bile ducts, supplying vasomotor fibers to the hepatic vessels and biliary tree and 
innervate the heptocytes.
The capsule of the liver is supplied by fine branches of the lower intercostal nerves, 
which also supply the parietal peritoneum.
The hepatic plexus is one of the plexuses, which form the celiac plexus.  The celiac 
plexus is located in the abdomen surrounding the celiac, superior mesenteric and renal 
arteries, all of which take origin from the aorta.  The celiac plexus is located behind the 
stomach and in front of the crura of the diaphragm, at the level of the first lumbar 
vertebra.  Within the celiac plexus are two large ganglionic masses, the celiac ganglia, 
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lying on either side of the celiac artery and connected with each other by nerve fibers.  
The celiac ganglia receive sympathetic preganglionic fibers from the greater 
splanchnic nerves, whose neurons are located in the intermediolateral gray matter of 
spinal cord segments T6-T9 73% of the time according to the study of Naidoo et al.  
However, the origin of the greater splanchnic nerve can be as high as T3 in 5% and as 
low as L1, also in 5%.  Remember, all viscera (organs) are innervated 
parasympathetically by the vagus and sympathetically by the splanchnic nerves.
The preganglionic fibers of the greater splanchnic nerve then pass inferiorly through the 
thorax, passing through the diaphragm, to enter the abdominal cavity where the axons 
synapse with the neurons in the celiac ganglion, which in turn form the postganglionic 
fibers.  The postganglionic sympathetic fibers then travel to the liver with the proper 
hepatic artery, portal vein and the common hepatic duct and the right and left hepatic 
ducts.
The preganglionic fibers of the parasympathetic system, which innervate the liver, 
take their origin primarily in the Dorsal motor nucleus of the vagus nerve located in 
the medial portion of the trigonum vagi in the floor of the fourth ventricle of the medulla.  
The vagus nerve contains axons which emerge from or converge onto three nuclei of 
the medulla: The Dorsal nucleus of the vagus nerve, the Nucleus ambiguus and the 
Solitary nucleus.  The Nucleus ambiguus sends parasympathetic fibers to the heart, 
slowing it down.  Afferent fibers from all visceral organs including the liver, as well as 
taste information, end in the third nucleus of the vagus nerve, the Solitary nucleus.  The 
Dorsal motor nucleus supplies practically all thoracic and abdominal viscera, except 
those in the pelvic region.
In the abdomen, the preganglionic parasympathetic fibers within the vagus nerve 
pass through the celiac and hepatic plexus to end in the terminal ganglia of the liver.  
There is a right and left vagus nerve.  The hepatic plexus, which is the largest 
component of the celiac plexus, receives filaments from the left vagus and right phrenic 
nerves.  The celiac plexus proper, which consist of the celiac ganglion and a network of 
interconnecting axons receives parasympathetic fibers of the right vagus nerve (Fig. 
53).  Remember, these parasympathetic axons do not form synapses in either the celiac 
or hepatic plexuses, they simply pass through them.  The right and left vagus nerves
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Fig. 53.  This is an illustration showing the anatomic location of the celiac plexus.  a) is 
the Diaphragm; b) Inferior vena cava; c) Esophagus; d) Body of stomach (with branches 
of the vagus nerves); e) Spleen; f) Pancreas, head; g) Pancreas, tail; h) Kidney; i) 
Suprarenal gland; k) Ureter.  
The celiac plexus is formed in part by the right and left greater and lesser splanchnic 
nerves, and branches of the vagus and phrenic nerves, the celiac ganglia and the 
aorticorenal ganglia.  The aorticorenal ganglia is a distinct subdivision of the lower part 
of the celiac ganglia, which receives the ipsilateral lesser splanchnic nerve and gives 
origin to the majority of the renal plexus, which lies typically, anterior to the origin of the 
renal artery.  
It is the largest of the autonomic plexuses located at the level of the twelfth thoracic and 
first lumbar vertebrae.  It surrounds the celiac artery and the root of the superior 
mesenteric artery.
As the above illustration shows, the celiac plexus extends as fibers and secondary 
plexuses along adjacent arteries.  The celiac plexus is connected to, or some anatomist 
say gives rise to, the phrenic, splenic, hepatic, superior mesenteric, suprarenal, renal 
and gonadal plexuses.

supply motor parasympathetic fibers to all the organs including the liver except the 
adrenal glands.  They reach their terminals in the liver through the proper hepatic artery, 
portal vein and the common hepatic and right and left hepatic ducts.  The finer branches 
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of these nerves form terminal networks about the liver cells.  No ganglion cells occur in 
the liver.
Stimulation of the postganglionic sympathetic nerve fibers around the proper hepatic 
artery, portal vein and the bile ducts causes a breakdown of glycogen and stimulation of 
gluconeogenesis, glucose output, lactate output and urate formation; stimulation also 
results in inhibition of serum protein synthesis (transferin) and secretion and tyrosine 
metabolizing ketogenesis and DNA synthesis.
The sympathetic supply to the liver is vasomotor.
Stimulation of the parasympathetic nerves increases the stimulation of glycogen, 
serum protein synthesis (transferin) and secretion, tyrosine metabolism and DNA 
synthesis; stimulation of these nerves results in inhibition of gluconeogenesis.
The liver, as is true of all organs, have numerous receptors, which convey information to 
the central nervous system through afferent nerve fibers as to their physiologic function 
(sensory information).  Such sensory information travels both with sympathetic and 
parasympathetic fibers.
The sensory fibers from the thoracic, abdominal viscera including the liver, and pelvic 
viscera traverse sympathetic and splanchnic nerves to reach the sympathetic trunk.  
They pass through the trunk uninterruptedly, as well as the white communicating rami to 
their neuronal cell bodies from which they originated in the dorsal root ganglia.
The parasympathetic nerves also contain visceral afferent fibers, which travel with the 
vagus nerve to reach their neuronal cell bodies of origin in the Solitary nucleus.  As they 
do so, they pass through two ganglion of the vagus nerve, the superior (jugular) and 
inferior (nodose) ganglion.  
The neuronal cell bodies of the superior ganglion are concerned primarily with general 
somatic afferent (cutaneous) component of the nerve and are located in the jugular 
foramen, hence the name.  The inferior ganglion is a fusiform swelling of the vagus 
nerve immediately after its exit from the jugular foramen.  The neuronal cell bodies of 
the nodose ganglion are concerned with the visceral afferent components of the nerve.  
They transmit sensory information from the specialized sensory endings of the vagus 
nerve and its branches to the Solitary nucleus.  The neurons within the nodose ganglion 
are critical in relaying information such as elevation of blood pressure, changes in blood 
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oxygenation, passage of contents through the esophagus and contraction and 
distention of the heart, stomach and lung to the central nervous system for reflex 
maintenance of visceral function.  Remember, although both of these ganglia are 
traversed by parasympathetic and perhaps sympathetic fibers there, is no evidence that 
the vagal parasympathetic fibers synapse with the neurons in the nodose ganglion.
Approximately 75% of all parasympathetic nerve fibers are in the vagus nerves (CN X), 
passing to the entire thoracic and abdominal regions of the body.  The vagus nerves 
supply parasympathetic nerves to the heart, lungs, esophagus, stomach, entire small 
intestine, proximal half of the colon, liver, gallbladder, pancreas, kidneys, and upper 
portions of the ureters.  Parasympathetic fibers also leave the central nervous system 
through CNs III, VII, and IX; additional parasympathetic fibers leave the lowermost part 
of the spinal cord through the second and third sacral spinal nerves and occasionally 
the first and fourth sacral nerves.
The afferent visceral fibers are important in the initiation of various visceral and 
viscerosomatic reflexes mediated through the spinal cord and brain stem.  Many of 
these reactions occur at the subconscious level, but afferent impulses also give rise to 
visceral pain or distress, nausea, hunger and other poorly localized visceral sensations.  
It is this constant stream of afferent visceral impulses that is responsible for the general 
feeling of internal well being.
Visceral pain from most abdominal organs is carried chiefly by sympathetic nerves.  
Vagal sensory fibers are concerned with specific visceromotor, vasomotor and secretory 
reflexes, most of which do not reach the conscious level.
Referred pain from the liver is typically to the shoulders through the phrenic nerves, 
which have their origin in C3, 4 and 5.  This is due primarily to the disease process 
involving the liver extending to the leafs of the diaphragm, which are innervated by the 
phrenic nerves.  
G. Gallbladder: The gallbladder and the cystic duct constitute a diverticulum of the
biliary tract, the gallbladder serving as a reservoir for bile secreted in the intervals 
between active phases of digestion.  The liver is in constant production of bile, which 
then of course drains into the hepatic duct to the common bile duct until it finally 
reaches the duodenum.  The gallbladder receives extra bile for storage when the small 
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intestine is devoid of food remnants.  In this case, the sphincter of the ampulla contracts 
rapidly to force the remaining bile back into the gallbladder.  The gallbladder can store 
between 35 to 60 ml of concentrated bile; the amount being determined by the sphincter 
valve at the neck of the gallbladder.  What must be kept in mind is the gallbladder can 
store up to 12 hours of bile secretion by the liver, which usually amounts to 
approximately 450 ml of bile.  The gallbladder accomplishes this through a process of 
concentrating the bile within its lumen.  This concentration process occurs because 
water, sodium, chloride, and most other small electrolytes are continually absorbed 
through the gallbladder mucosa, thus concentrating the remaining bile constituents that 
contain bile salts, cholesterol, lecithin, and bilirubin.  Bile is normally concentrated about 
5-fold, however, it can be concentrated up to 20-fold.
When food, which has been processed by the stomach, enters the upper small 
intestine, the duodenum and upper jejunum, the gallbladder begins to release its 
contained bile through rhythmic contractions of its wall, which is simultaneously 
accompanied by relaxation of the sphincter of Oddi at the end of the common bile duct.  
The primary factor responsible for these contractions is the hormone cholecystokinin, 
which is found in the I cells in the mucosa of the duodenum and upper jejunum.  
Cholecystokinin is released from these cells when chyme containing proteoses and 
peptones (products of partial protein digestion) and long-chain fatty acids enter the 
duodenum.  When significant quantities of fat are in the ingested food, the gallbladder 
can empty within approximately one hour, however, when fat is not in the ingested food 
the gallbladder empties poorly.  Stimulation of the vagus nerve innervation of the 
gallbladder can also cause contractions of the gallbladder wall, however, this effect is 
much less pronounced than cholecystokinin.  Cholecystokinin also causes the release 
of pancreatic digestive enzymes as does vagal stimulation, however, cholecystokinin 
accounts for 70 to 80% of these enzymes.
When acidic foods enter the duodenum secretin is also secreted by the mucosa of the 
duodenum and upper jejunum.  Secretin acts upon the pancreas to secrete sodium 
bicarbonate.
The gallbladder lies in the gallbladder fossa of the visceral surface of the liver (Fig. 43, p 
56), its bulbous end (fundus) reaching the anterior abdominal wall at the junction of the 
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right semilunar line and costal arch, which is the tip of the ninth costal cartilage (Fig. 11, 
p 13).  The fundus of the gallbladder rests on the transverse colon, the neck is related to 
the duodenum (Fig. 22, p 25).
In adults, the gallbladder is approximately 8 cm (3.1 in) in length and 4 cm (1.6 in) in 
diameter when distended.  It is divided into three parts: fundus, body and neck.  The 
neck tapers and connects to the biliary tree through the cystic duct, which joins the 
common hepatic duct to become the common bile duct.  At the junction of the neck and 
the cystic duct is an out-pouching of the wall of the gallbladder called Hartmannʼs 
pouch.  Impaction of gallstones in Hartmannʼs pouch leads to Mucocoele of the 
gallbladder (Fig. 54).

Fig. 54.  This is an illustration showing the relationship of the gallbladder to the visceral 
surface of the liver, bile ducts, arteries, portal vein, duodenum and pancreas.  There is 
also a small insert depicting the anatomy of the gallbladder.  (Wiki)
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The gallbladder wall has serous, fibromuscular and mucosal folds.  Crescentic folds of 
mucous membrane in its interior are spirally arranged and constitute the spiral valve.
The neck of the gallbladder passes without interruption into the cystic duct.  The cystic 
duct is about 4 cm long, joining the common hepatic duct in the formation of the 
common bile duct.  The spiral valve of the gallbladder continues into the upper portion 
of the cystic duct.  The spiral valve aids in keeping the lumen of the cystic duct and the 
neck of the gallbladder open to receive the extra bile for storage when the small 
intestine is devoid of chyme.
The arterial blood supply of the gallbladder is through the cystic artery, which is a 
branch of the right hepatic artery.  Venous drainage of the gallbladder is through the 
cystic vein, which drains into the hepatic portal vein.
The gallbladder has a rich mucosal and subserosal lymphatic network from which lymph 
vessels pass to the cystic node at the neck of the gallbladder and to the node of the 
epiploic foramen.  The lymph flows through these nodes to the more proximal hepatic 
nodes and then to the celiac group.
Innervation of the gallbladder occurs predominantly through three routes.  The first is 
from the anterior hepatic plexus.  The hepatic division of the vagus nerve, which 
arises from the anterior vagal trunk of the left vagal nerve, runs through the 
hepatogastric ligament joining the anterior hepatic plexus in the hepatoduodenal 
ligament.  This plexus contains both parasympathetic fibers from the left vagus nerve 
and sympathetic fibers from the greater splanchnic nerve.  Nerve branches are sent to 
the gallbladder through the deep and superficial branches of the cystic artery and duct 
and are distributed to the serosal surface of the gallbladder.
The second route is from the posterior hepatic plexus, the innervation occurring along 
the cystic duct ventrally.  This route also passes through the hepatoduodenal ligament 
dorsally.  Within the posterior hepatic plexus are abundant communicating rami showing 
the bidirectional neural connections between the ampulla of Vater and the gallbladder, 
which aids in the gallbladder storing excess bile when the small intestine contains no 
food elements.
The third route is through the phrenic nerves.  The phrenic nerves send offshoots to 
the hepatic porta, which runs along the sagittal sulcus of the liver.  In most cases the 
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offshoots originate predominantly from the right phrenic nerve, however, in some they 
originate from both the right and left phrenic nerves.  
Sensory afferent fibers from the peritoneal covering of the gallbladder and liver, the 
phrenicoabdominal branches, reach the right phrenic nerve through the vena caval 
foramen within the diaphragm.
The nerves of the gallbladder and the ducts innervate the blood vessels and form 
plexuses within the connective tissue layers of the gallbladder sending fine branches to 
the mucous membrane and the muscle layers.  The outer plexus contains many 
ganglion cells.
The tonicity and motility of the gallbladder, as well as the tonicity of the sphincter 
muscles, determine the resting pressure within the gallbladder, which is affected partly 
by fibers of the autonomic nervous system (sympathetic and parasympathetic) and 
partly by hormonal agents (cholecystokinin).  Sympathetic stimulation leads to 
relaxation, and vagal stimulation (parasympathetic) leads to contraction of the 
gallbladder and ducts.
Sympathetic stimulation causes dilatation of the sphincter Oddi, which is a muscular 
valve that controls the flow of bile and pancreatic secretions through the amuplla of 
Vater into the second part of the duodenum.  Mild vagal stimulation decreases, and 
strong vagal stimulation increases, the tonicity of the terminal sphincter apparatus.
Referred pain from stretching the gallbladder or common bile duct, as is common with 
other structures which take their origin in the forgut, is to the central epigastrium.  
Involvement of the overlying somatic peritoneum produces pain, which is more localized 
to the right upper quadrant Figs. 8 & 10, p 11 & 12).
H. Spleen: This is a soft lymphatic organ of purplish color located posterior to the upper
part of the stomach and between it and the diaphragm.  The ninth, tenth, and eleventh 
ribs overlie the spleen, with the diaphragm and the pleura intervening.  The tenth rib lies 
along the long axis of the spleen (Figs. 55 & 56).  The spleen is approximately 12 cm 
(4.72 in) in length and 7 cm (2.74 in) to 8 (3.13 in) cm wide and 3 cm (1.18 in) to 4 cm 
(1.77 in) thick, weighing between 100 to 150 grams in the mature adult.  In the older age 
group the spleen becomes considerably smaller.  It is entirely surrounded by 
peritoneum, except for the hilum.  It is attached to the stomach by the gastrolienal (lienal 
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is an older term for the spleen) ligament.  Its body wall attachments are the 
phrenicolienal ligament above and the lienorenal below.  Normally it does not extend 
below the costal margin, but rests on the left flexure of the colon and the phrenicocolic 
ligament.  Thus, the spleen is never palpable through the abdominal wall unless it is 
enlarged.

Fig. 55.  This is an illustration showing the relationship of the spleen to the left leaf of 
the diaphragm, stomach and transverse colon.  (Wiki)
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Fig. 56.  This is an illustration showing the anatomic relationship between the spleen 
and the stomach and its arterial blood supply.  (Wiki)
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Fig. 57.  This is an illustration of the visceral (inner) surface and diaphragmatic (outer) 
surface of the spleen.  (Wiki)

The spleen is the largest lymphoid organ thus, it plays an important role in the immune 
system and is the only organ specialized for filtering blood.  The spleen is unique 
concerning its development within the abdominal cavity.  While most of the organs 
within the abdominal cavity are endodermally derived, except for the neural-crest 
derived adrenal glands, the spleen is derived from the mesenchymal tissue, which is 
mostly derived from the mesoderm.  The spleen forms within, and from the dorsal 
mesentery.  However, its blood supply is the same as the organs derived from the 
foregut, which are supplied by the celiac trunk.
As the largest lymphoid organ in the body it has an important role in the function of the 
reticuloendothelial system and it retains the ability to produce lymphocytes, thus, it is 
considered a hematopoietic organ.  The spleen stores red blood cells, lymphocytes and 
other formed elements.  The spleen can release as much as 50 ml of concentrated red 
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blood cells into the circulation, raising the hematocrit 1 to 2% when needed.  It can store 
up to 25% of the lymphocytes at any one time.
The spleen is surrounded by a capsule, which is composed of collagenous tissue and a 
few smooth muscle fibers (Fig. 58).  Extending from this capsule and downward into the 
substance of the spleen, the parenchyma, are collagenous trabeculae, which also 
contain a few smooth muscle fibers.  The smooth muscle within the capsule and 
trabeculae allow the spleen to rhythmically contract and thus, can expel as much as 50 
to 100 ml of blood into the circulation.  The collagenous trabeculae are continuous with 
delicate fibers known as reticulate fibers, which extend throughout the parenchyma. The 
parenchyma is referred to as the splenic pulp (Fig. 58).

Fig. 58.  This is an illustration showing a cross section of the spleen.  (Wiki)

The splenic pulp has two distinct components: (1) White pulp, which is typical 
lymphatic tissue that surrounds and follows arteries.  This white pulp is thickened into 
oval masses, which can be seen grossly, called splenic (lymphatic) nodules or 
Malpighian bodies (corpuscles) (Figs. 58 & 59).  The Malpighian corpuscles were 
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named after Marcello Malpighi (1628-1694), an Italian physician and biologist regarded 
as the father of microscopic anatomy and histology.  (2) Red pulp is more abundant,
 

Fig. 59.  This is a photomicrograph of a spleen showing both lymphatic nodules 
(Malphigian corpuscles) and the red pulp.  (Wiki)

often forming plates called pulp (Billroth) cords, and is associated with numerous 
erythrocytes (Figs. 58 & 59).
The white pulpʼs innermost compartment is called the “periarteriolar lymphatic 
sheath” (PALS).  It is located around vascular structures called central arterioles (Fig. 
60).  The PALS is composed primarily by T lymphocytes.  In the typical H & E section, T 
lymphocytes are visualized as small densely packed cells with extremely dark nuclei 
and minimal amounts of cytoplasm.  Immediately next to the PALS is an aggregate of 
small lymphocytes with dark nuclei, although not as dark as the nuclei of the T 
lymphocytes called B lymphocytes.  The arrangement of B lymphocytes is not as dense 

79



as that of the T lymphocytes.  The B lymphocytic aggregation is referred to as a follicle, 
which vary in diameter between 0.25-1 mm and are visible on the surface of a freshly 
cut spleen as white semi-opaque dots (Malpighian corpuscles) (Fig. 59 & 61).  This is in 
contrast to the surrounding deep-reddish purple of the red pulp (Fig. 62).

Fig. 60.  This is a photomicrograph of the central arteriole and the periarteriolar 
lymphatic sheath composed by T lymphocytes.  (Wiki)
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Fig. 61.  This is a photomicrograph showing a more magnified picture of the white and 
red pulp.  The red pulp consist of clusters of macrophages and red blood cells.  The 
white pulp consist of lymphocytes suspended on reticular fibers.  (Wiki)
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Fig. 62.  The above is a photomicrograph of the red pulp.  Note the deep reddish-purple 
color.  (Wiki)

The follicles are usually situated near the terminal branches of the arterioles, typically 
protruding to one side of the vessel.  These central arterioles send fine branches 
laterally into the follicles forming a series of parallel terminal arterioles, penicillar 
arterioles.
As is true of the T lymphocytes, within the periarteriolar sheaths, the B lymphocytes 
within the follicles undergo proliferation when antigenically stimulated thus, the white 
pulp increases in size forming germinal centers similar to those found in lymph nodes.  
When the infection subsides the lymphoid follicles regress in size.
The red pulp is composed of a three dimensional meshwork of splenic cords and 
venous sinuses.  The splenic cords are composed of reticular fibers, reticular cells, and 
associated macrophages.  The red pulp macrophages are phagocytic, removing old and 
damaged red blood cells and foreign blood-borne particulate matter such as bacteria 
(Figs. 63 & 65).
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Fig. 63.  The above is a photomicrograph of the red pulp depicting the engorgement by 
red blood cells and the abundant macrophages, which line the sinusoids.  (Wiki)

The venous sinuses are found throughout the red pulp including directly next to the 
marginal zone, which separates the white pulp from the red pulp Figs. 64, 65 & 66).

Fig. 64.  This is a photomicrograph of a spleen showing a venous sinus (VS), red pulp 
(RP) and the white pulp (WP).  Note the proximity of the VS to the marginal zone of the 
WP (Fig. 66).  (Wiki)
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Fig. 65.  This is a photomicrograph of a spleen, which in essence is a higher power 
picture of Fig. 64.  The venous sinuses form an anastomosing plexus through the red 
pulp between the pulp cords.  The pulp cords are also referred to as Billroth cords or 
splenic cords.  They consist of loose lymphatic tissue arranged in anastomosing cords 
and plates within the red pulp.  Lining cells refer to macrophages which line the 
sinusoids.  (Anatomy Atlases curated by Ronald A. Bergman. Ph.D) (Wiki) 
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Fig. 66.  The above is a photomicrograph showing the location of the marginal zone 
(MaZo).  BIVe: Blood vessel; Ca: Capsule; GeCe: Germinal center; RePu: Red pulp; 
WhPu: White pulp.  (Wiki)

The venous sinuses is a small capillary blood vessel similar to a fenestrated 
endothelium.  They are classified as a type of Open Pore Capillary as opposed to 
fenestrated.  Whereas fenestrated capillaries have diaphragms that cover the pores 
when necessary, Open Pore Capillaries lack such a diaphragm thus, are continually 
open.  This type of anatomic arrangement greatly increases the sinusoids permeability, 
allowing small to medium sized proteins such as albumin to readily enter and leave the 
circulation.
The Cords of Billroth are found in the red pulp between the sinusoids.  They consist of 
fibrils and connective tissue cells with a large population of monocytes and 
macrophages.
Blood enters the spleen through a system of branching arteries, which eventually end in 
small capillaries.  These capillaries are highly porous, allowing red blood cells to pass 
directly into the Cords of Billroth, which as stated, are lined with many macrophages.  
Blood passes through the Cords of Billroth into the venous sinuses, which are also lined 
with abundant macrophages.  This particular passage of blood through the cords and 
venous sinuses provides a means of phagocytizing unwanted particulate matter, such 
as bacteria, in the blood as well as old or abnormal red blood cells.
The marginal zone is the region at the interface between the red pulp and the white 
pulp.  The major role of the marginal zone is to trap particulate antigen from the 
circulation and present the antigen to the lymphocytes of the spleen for the manufacture 
of antibodies.
The structure of the spleen and the relationship between the red and white pulp 
depends upon the arrangement and distribution of blood vessels.  Arteries are 
connected closely with the white pulp, and the terminal blood vessels, sinuses and 
veins with the red pulp.
The trabeculae delineate many compartments of the spleen into lobules.  A lobule is 
about 1 mm in diameter and is bounded by several trabeculae (Fig. 67).  Each lobule is 
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supplied by a central artery and is drained by veins, which run in the trabeculae to leave 
the lobule.

Fig. 67.  This is a low power photomicrograph of the spleen depicting the origin of the 
trabeculae from the capsule.  (Wiki)

The arteries enter and the veins leave the spleen through the hilum, which is a series of 
indentations posterior to the gastric impression on the visceral surface of the spleen 
Figs. 57 & 58, p 77 & 78).  
The blood vessels of the spleen are the splenic artery and vein.  The splenic artery is 
the largest branch of the celiac trunk.  The splenic artery runs a highly tortuous course, 
partially embedded in the superior border of the pancreas.  It gives rise to two or three 
splenic branches in the hilum.  These branches upon entering the substance of the 
spleen divide further into four or five segmental arteries, each of which supplies a 
segment of splenic tissue.  What is important to remember, there is little collateral 
circulation between these segments, which means occlusion of a segmental vessel 
often leads to infarction of that segment of the spleen.  There is however, considerable 
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collateral circulation in the venous system, thus making segmental resection of the 
spleen virtually impossible.  
The splenic vein arises through the union of the proper splenic veins in the hilum.  The 
splenic vein does not have the tortuosity of the splenic artery.  It follows the course of 
the artery, but below and behind it.  It crosses the abdominal aorta and ends behind the 
neck of the pancreas, where it joins the superior mesenteric vein (Fig. 40, p 51). 
Although the spleen is a great mass of lymphoid tissue, the spleen has few lymphatics 
and the lymphatics it has are only efferent lymphatics, as is true of the thymus.  The 
efferent lymphatics arise from the capsule and trabuclae and drain to nodes in the 
hilum, which in turn drain to the pancraticolineal and celiac nodes.
Innervation of the spleen is from the splenic plexus, which consists of branches of the 
celiac plexus, left celiac ganglion and the right vagus nerve, which accompany the 
splenic artery.  The preganglionic sympathetic nerves to the left celiac ganglion arise 
from the greater splanchnic nerve, the neuronal cell bodies of which are in the 
intermediolateral column of the thoracic spinal cord segments six to eight.  Some of its 
nerves are vasomotor; some supply the non-striated (smooth) muscle of the capsule 
and trabeculae; and some are afferent.  
The splenic nerve carries approximately 90% sympathetic fibers.  The 
intraparenchymal nerves show a predominant perivascular distribution extending into 
the trabeculae and capsule.  Most of these fibers are noradrenergic (areas of the body 
that produce or are affected by norepinephrine are described as noradrenergic), 
vasomotor, and are concerned with the regulation of blood flow through the spleen.  The 
nerves extend from the trabeculae into the white pulp in proximity to the central artery.  
Scattered nerve fibers innervate the red pulp in the vicinity of the arterioles, capillaries 
and the splenic sinuses.  Nerve fibers also extend from the capsule into the red and 
white pulp.  What is of interest is with age there is a gradual loss of sympathetic fibers, 
which coincides with the loss of T lymphocytes in the periarteriolar lymphatic sheaths 
and the decrease of the number of macrophages in the marginal zone.  This diminished 
sympathetic innervation within the spleen is associated with the loss of NK (natural 
killer) cells, diminished T cell proliferation, and diminished cell mediated immunity.
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The immuno-modulatory role of the sympathetic nervous system is mediated through 
norepinephrine being released from the postganglionic sympathetic nerve terminals, 
which activate receptors on the surface of lymphoid cells directly controlling lymphocyte 
traffic, circulation, and proliferation, as well as cytokine production.  Changes in the 
splenic sympathetic nerve activity have been found to be causally related to the 
alteration in immunological responses including natural killer cell cytotoxicity; the splenic 
sympathetic innervation might be a communication channel that mediates central 
nervous system regulation of peripheral cell immunity.
The role and mechanisms of parasympathetic innervation of the spleen is in the 
process of being elucidated.  However, there is evidence which clearly shows that the 
cholinergic anti-inflammatory pathway, transmits information through the vagus 
nerve, the branches of which accompany the splenic nerve.  Remember, cholinergic 
typically refers to acetylcholine in the neurologic sense, i.e., uses acetylcholine as a 
neurotransmitter.  The parasympathetic nervous system, which uses acetylcholine 
almost exclusively as a neurotransmitter to send its signals, is said to be almost entirely 
cholinergic.  Also, the preganglionic neurons of the sympathetic nervous system 
are also cholinergic. 
It is now clear the vagus nerve controls immune cell function in the spleen through a 
system of two serially connected neurons: one preganglionic, which originates in the 
dorsal motor nucleus of the vagus, and the other postganglionic, which originates in 
the ganglia of the left celiac ganglion and travels along the splenic nerve, the net effect 
of which is to suppress cytokine release within the spleen.
It also appears the sympathetic innervation of both the thymus and spleen plays a 
role in the pathogenesis and progression of several autoimmune disorders, including 
adjuvant induced arthritis, hemolytic anemia and lupus-like syndrome.
Referred pain from the parenchyma (pulp) of the spleen is to the central epigastrium, 
as is true of all those structures derived from the foregut.  However, distention of the 
splenic capsule causes stretching of the visceral peritoneum, which produces pain in 
the posterior aspect of the left upper abdominal quadrant.
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IV. Traumatic Injuries of the Organs of the Abdominal Cavity-Adult and Pediatric
A. General Comments: Trauma to the abdomen is typically divided into blunt force,
penetrating and perforating injuries.  Blunt force trauma to the abdomen, even those 
leading to death, may show no evidence of external bruising (contusions).  In some, the 
trauma may be very minor or negligible, such as a slip, a pain in the side on bowling, 
with the clinical signs being delayed or all together missed.  In other cases, it is the 
more obvious injuries such as fractures, which gain all the attention.
The vulnerable structures can be divided into three groups: (1) the solid organs, such as 
the liver, spleen, and kidneys, which are most often damaged.  (2) the hollow organs, 
such as the esophagus, stomach, small and large intestines and the gallbladder, which 
are far more likely to be ruptured when distended.  (3) the supporting structures, 
mesenteries, peritoneal reflections, diaphragm, which has been discussed in the 
previous chapter covering blunt force trauma to the chest, and vessels and nerves.
Immobile portions of the intestine cannot move from a crushing blow and cannot move 
with an acceleration type of injury.  Such tears occur in the retroperitoneal portion of the 
duodenum, the level of the ligament of Treitz, the cecum, and the hepatic and splenic 
flexures of the colon.  The great majority of injuries to the intestines are in the jejunum 
and ileum, especially along the anti-mesenteric border.
Typically, solid abdominal organs not uncommonly bleed profusely when lacerated or 
crushed.  This is especially true for those abdominal organs in the retroperitoneal 
space, such as the kidney, abdominal aorta, and inferior vena cava, which when 
lacerated can lead to pronounced bleeding and death.  Hollow organs such as the 
stomach, small and large intestines, will typically not show profuse bleeding and death 
from hypovolemic shock, following rupture.  However, such injuries to these hollow 
organs can lead to a pronounced infection, which may lead to death from septic shock if 
not appropriately treated.
Penetrating and perforating trauma is further divided into foreign bodies, stab wounds 
and gunshot wounds.
B. Overview of Mechanisms of Blunt Force Injury to the Abdomen: When blunt
force is applied to the anterior abdominal wall or chest, there is a rapid inward 
displacement of the body wall, which is the response of the body wall to loading.  The 
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degree of this inward displacement is determined by the magnitude of the load.  The 
resulting transfer of the kinetic energy of the load (force of impact) to the internal organs 
is determined principally by not only the maximum displacement produced, but also by 
the velocity attained in the early stages of the motion of the displacement.  What is 
important to remember, without some degree of motion, there would be no transfer of 
the kinetic energy of the blow to the internal organs.  The type and severity of the 
internal injures is dependent not only upon the magnitude of the distortion of the body 
wall, but also upon the rate at which the distortion occurs.
The anterior abdominal wall or chest can withstand severe compression, up to 50%, in 
the anterior posterior direction with only minor injury, if the rate of distortion is slow.  
Slow in this case means the peak compression is attained at a rate greater than 20 to 
30 milliseconds.  However, should the application of force cause a peak compression in 
a shorter time, such as less than 5 milliseconds, than the compression of the body wall 
may produce serious internal injuries even if the body wall distortion is only 2 to 3 cm.
The internal injuries caused by the rate of body wall distortion is due to two factors: (1) 
the mechanical failure (injury) to the underlying tissues, which is dependent upon the 
rate of strain, and (2) the propagation of different waves of kinetic energy into the chest 
and abdomen.  The different wave types produced by the kinetic energy of the impact 
have different capacities to injure the internal organs.  An understanding of the different 
wave types will give you insight into not only the type and severity of injury to the 
internal organs by blunt force impact, but also the source of the direct and indirect injury.
There are four mechanisms of injury, three of which involve the propagation of waves 
through the body with the fourth not being rate dependent:
1. Stress waves: These are longitudinal pressure waves that travel near or slightly 

faster than the velocity of sound in the tissue.
2. Shock waves: This is a special form of a stress wave, which is characterized by an 

instantaneous wave front, which passes through the underlying tissue at a velocity 
faster than the speed of sound.  An example of such a wave is the blast wave 
associated with an explosion.

3. Shear waves: These are transverse waves of long duration and very low velocity, 
which produce low velocity gross distortions of tissues and organs.
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4.  Crush injuries: This is not rate dependent.  It is simply the result of applying intense 
static loads to tissue.

Stress (compression) waves in tissues can cause very high local forces, which result 
in small but very rapid distortions in tissue or strain.  In those organs, which because of 
their anatomy, have marked differences in material properties, such as tissue and air, 
i.e., lungs and the gastrointestinal tract, there may be significant pressure differentials, 
which develop across delicate interfaces, such as in the alveoli and the mucosal lining 
of the intestines, during the passage of stress waves.  These stress waves largely exert 
their effects at the microvascular level.  Thus, in the lungs you may see visceral 
contusions and foci of intra-alveolar hemorrhage; while in the intestines you may see 
serosal contusions, mucosal congestion, intramural and mucosal hemorrhage.  
Typically, stress waves do not produce lacerations, however, that is not the case with 
true shock waves involving the lungs or intestines.
Shock waves, as stated are a special form of a stress or compression wave, are fast 
moving waves of high pressure, which pass through the underlying tissue at a velocity 
faster than that of sound.  For most tissues, the shock waves impacting the body wall 
will never accelerate the components of the underlying tissue faster than the velocity of 
sound or for that matter, even approach the velocity of sound, except for perhaps the 
lungs and intestines.  For most soft tissues the velocity of sound is between 1300 to 
1500 m/s; for bone it is 3500 m/s.  However, the velocity of sound in the lungs is 15 to 
40 m/s, thus true shock waves will develop within the lungs.  Such shock waves can 
produce widespread contusions and intra-alveolar hemorrhages, as well as lacerations.
Shear waves can produce marked distortions of the internal organs, most especially in 
those organs immediately next to the body wall, such as the heart in the chest and the 
liver in the abdomen.  Since these organs are immediately next to the body wall, the 
resulting shear wave distortions can produce contusions and in severe cases, 
lacerations.  Contusions of the right ventricle of the heart following anterior chest 
impact, or contusions and or lacerations of the capsule of the liver and underlying 
parenchyma, are due to the focal distortion of the overlying body wall resulting in an 
anterior to posterior movement (compression) thus, injury to the respective organs.  
These are examples of direct injuries due to shear waves.  The distortion or motion of 
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the overlying body wall can be transferred into the body as a shear wave, which as has 
been previously noted is a transverse wave of long duration and low velocity.  The 
resulting disturbances to the internal tissues are the result of indirect injury due to: 
asynchronous motion of adjacent connected structures; stretching (strain) at sites of 
attachments; and collision of viscera with stiff structures. 
The principle effect of the motion of the body wall, which generates shear wave induced 
injuries, is determined by the maximum displacement of the body wall and the time 
taken to attain this displacement.  Maximum displacement is determined primarily by the 
momentum of the impact.  The time taken to attain this displacement is determined by 
the mass of the impactor.  Motor vehicular accidents generally involve large momentum 
change, therefore, the shear and crush type injuries tend to predominate under these 
circumstances.
Injuries due to stretching (strain) at sites of attachments would be those sustained by 
the mesentery, laceration of the pedicle of the spleen, aortic rupture and liver 
lacerations next to the falciform ligament.
Examples of asynchronous motion of attached viscera may manifest as tears of the 
insertion of the gallbladder to the liver (avulsion of the gallbladder from its hepatic bed) 
and hemorrhage into the connecting tissue holding the coils of the large intestine, 
manifesting as serosal hemorrhages in the transverse colon.
Crush injury is not rate dependent, but is the result of the application of high static load 
to tissues.  Examples of crush injury would be retroperitoneal hemorrhage manifested 
by peripancreatic hemorrhage and hemorrhage involving the iliopsoas muscles, and 
intestinal lacerations, both due to compression of the anterior abdominal wall contacting 
the retroperitoneal surface and or the lumbar vertebrae.
C. Esophagus: The most common cause of esophageal trauma leading to perforation 
is iatrogenic, typically following an endoluminal procedure, such as endoscopy, 
dilatation or transesophageal ultrasound and cervical spine surgery.  Rupture of the 
esophagus due to non-iatrogenic traumatic injury is very rare.  Beal et al. identified 96 
cases from 1900 to 1988.  They were able to review 63 of these cases.  Of these 63 
cases only 5 cases (7.9%) had lower thoracic perforations.  Most of the cases showed 
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perforation at the level of the cervical esophagus, which often produce subcutaneous 
emphysema in the neck (Figs 68, 69 & 70).

Fig. 68.  This image shows a laceration of the esophagus due to excessive vomiting.  
(Wiki)
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Fig. 69.  This is an autopsy photograph of a perforated esophagus.  The site of rupture 
is between the arrows.  (Wiki)
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Fig. 70.  The above photograph is of a patient with pneumomediastinum and 
subcutaneous emphysema due to blunt injury to the neck.  Pneumomediastinum is due 
to air present in the mediastinum, which follows from air escaping from the lungs, 
airways or gastrointestinal tract into the chest cavity.  Pneumomediastinum may develop  
in up to 10% of patients who have sustained blunt cervical (neck) or thoracic trauma.  
(Journal of Pakistan Medical Association) (Wiki)

Mechanism of injury in blunt force traumatically induced rupture of the esophagus is 
most often due to rapid acceleration and or deceleration injuries.  Another underlying 
cause is raised intra-luminal pressure from abdominal compression, especially in the 
presence of a closed epiglottis.  Most cases of rupture of the cervical esophagus due to 
blunt trauma are the result of motor vehicular accidents in which the victimʼs neck 
contacts the steering wheel or there is sudden increase in intra-luminal pressure by 
hyperflexing over the seat belt.  Such hyperflexion over the seat belt can lead to a 
sudden increase in intra-abdominal pressure, which in turn may displace the gastric 
contents into the esophagus with sufficient violence to cause a laceration of the mucosa 
or a rupture of its wall.  Such displacement of gastric contents into the esophagus may 
also occur as the result of vomiting or by some indirect force such as lifting a heavy load 
or straining while defecating.  Forceful vomiting or retching leads to an increase in intra-
esophageal pressure, which can lead to a laceration of the esophageal mucosa or an 
esophageal rupture (Figs. 68 & 69).  This type of rupture is referred to as spontaneous.
Spontaneous perforation of the esophagus most commonly results from a sudden 
increase in intra-esophageal pressure combined with negative intra-thoracic pressure 
caused by straining or vomiting, which is classified by some as an effort rupture of the 
esophagus.  Such effort ruptures are also referred to as Boerhaaveʼs syndrome.  It is 
believed the sudden rise in intra-esophageal pressure produced during vomiting is the 
result of neuromuscular incoordination causing a failure of the cricopharyngeus muscle 
(a sphincter which serves as a valve at the top of the esophagus) to relax.  Other 
causes of spontaneous perforation are the ingestion of caustic fluids, such as lye (Fig. 
71); pill esophagitis, such as due to abuse of non-steroidal anti-inflammatory drugs 
(NSAID), such as ibuprofin (Motrin or Advil) or naproxin (Alive), aspirin, doxycycline, iron 
supplements, osteoporosis medications, such as olendronate (Fosamax) or risedronate 
(Actonel); Barrettʼs ulcer (Barrettʼs esophagus is thought to be an adaptation of the 
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normal squamous epithelial lining of the esophagus to a columnar epithelial lining of the 
lower esophagus due to chronic exposure from reflux esophagitis) (Fig. 72); esophagitis 
with ulceration often associated with a lesion in the CNS, which impairs the action of the 
vomiting reflex; infectious ulcers in patients with AIDS, yeast infections (Fig. 73), herpes 
virus and cytomegalovirus; and following dilation of an esophageal stricture.

Fig. 71.  This is a photograph taken through an endoscope of a patient with a corrosive 
esophagitis.  (Wiki)
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Fig. 72.  This is a photograph taken through an endoscope of a patient with Barrettʼs 
(reflux) esophagitis due to chronic acid reflux.  (Wiki)
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Fig. 73.  The above is a photograph taken through an endoscope of a patient with a 
yeast infection (in this case due to Candidiasis) of the esophagus.  (Wiki)

In most cases of Boerhaaveʼs syndrome, the rupture occurs along the left posterior 
lateral wall of the distal esophagus, which is the weakest point of the esophagus and 
extends for several centimeters, usually not exceeding 2 to 3 cm, and occurring 2 to 3 
cm above the stomach.
Hertzog and Leighton did an experiment in 1946 to determine the amount of pressure 
required to cause rupture of a normal esophagus.  They distended the esophagus of 
recently deceased with air and found that rupture occurred at pressures ranging 
between 1.9 to 6.3 pounds per square inch, the average being 3.7.  All lacerations 
occurred in the lower third of the esophagus and were longitudinal in direction.
Closely related to the Boerhaaveʼs syndrome is the Mallory-Weiss syndrome, which 
refers to longitudinally oriented lacerations in the mucosa and submucosa, but not the 
muscular layer, which is in contrast to the Boerhaaveʼs syndrome, which involves all 
three layers of the wall of the esophagus.  Mallory-Weiss lacerations are superficial, 
varying between 3 to 20 mm long, 2 to 3 mm wide with raised edges, which are slightly 
thickened.  Their depth is only 2 to 3 mm and instead of rupture, they often lead to 
hemorrhage, which is typically severe.  Such hemorrhage is not seen with esophageal 
rupture.  The mean age is generally greater than 60, with 80% being men.
The Mallory-Weiss syndrome is usually caused by severe vomiting, retching, or 
coughing (Fig. 74).  It is often associated with alcoholism and eating disorders and there 
is some evidence that pressure of a hiatal hernia is a predisposing condition.  Abuse of 
non-steroidal anti-inflammatory agents, such as ibuprofen or naproxen, have also been 
associated with the Mallory-Weiss syndrome.  Hyperemis gravidarum, which is severe 
morning sickness associated with vomiting and retching in pregnancy, is also known to 
cause the Mallory-Weiss tears in the mucosa and submucosa.  There are also rare 
cases of Mallory-Weiss tears occurring during an upper gastrointestinal endoscopy (Fig. 
75).  Such iatrogenic Mallory-Weiss tears typically occur in elderly female patients with 
hiatal hernia who have experienced excessive retching or struggling during the 
endoscopic procedure. 
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Fig. 74.  This is a photograph taken through an endoscope showing a Mallory-Weiss 
tear immediately above the gastroesophageal junction (at the end of the black arrow).  
The smaller image is a low power view of the same site.  (Wiki) 
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Fig. 75.  The above image is a photograph taken through an endoscope of Mallory-
Weiss tears, which occurred during an endoscopic examination of the esophagus.  
Such tears are rare.  (Wiki)

There are also several reported cases of esophageal rupture following using the 
Heimlich maneuver.  There is also at least one case of rupture of the esophagus due 
to the blast wave of an explosion.
Foreign Objects: The last category for traumatic injuries that can lead to esophageal 
rupture is the swallowing of foreign objects.  Perforations or obstruction by foreign 
objects is the most common type of mechanical injury.  In one series, approximately 
three-fourths of all such cases, the site of injury was in the upper half of the esophagus, 
with most of the injuries occurring at sites of normal anatomical narrowing (Figs. 17 & 
18, p 19 & 20).  In 529 cases reviewed by Schlemmer, in which foreign bodies were 
swallowed, the sites of injury were the hypopharynx-88, between the hypopharynx and 
the cricoid cartilage-192, near the bifurcation of the trachea-103, between the 
bifurcation and the cardia-83, and at the cardia-63.
The usual causes of penetrations are spicules of bone, needles, pins and splinters.  
Objects such as gastric tubes (Figs. 76 & 77) may cause pressure necrosis, as well as 
coins swallowed by children or fragments of dentures swallowed by adults may become 
lodged in the esophagus, and unless they are removed may cause pressure necrosis of 
the mucous membrane with ulceration and perforation.
The most common and serious complication of a penetrating injury of the esophagus is 
infection.  The development of interstitial emphysema is also a common complication 
(Fig. 70).  Lastly, fatal hemorrhage due to penetration of the aorta by an esophageal 
foreign body has been reported.
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Fig. 76.  Foreign bodies left in the esophagus for a considerable time can cause 
damage to the esophageal mucosa.  This example shows the endoscopic view of 
extensive pressure necrosis located in the pericardial position and in the lower third of 
the esophagus.  The gastric suction tube is still in place.  It was inserted for 
decompensated pyloric stenosis.  (Wiki)
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Fig. 77.  This is the same esophagus as depicted in Fig. 76 ten days following removal 
of the gastric suction tube.  There is complete healing of the mucosa.  (Wiki)

Pediatric Injuries: Some cases of child abuse will show esophageal involvement often 
being related to Munchausen syndrome by proxy.  Munchausen syndrome by proxy 
was a termed developed by Meadow in 1977 to describe illnesses in children produced 
by their caregivers.  In some of these cases children were forced to consume 
dangerous foreign bodies, such as safety pins and glass.  Others were forced fed lye 
(Fig. 71) or hot water causing esophageal ulceration and spasm eventually leading to 
strictures.
As previously discussed, penetrating injuries to the esophagus are usually caused by 
gunshot or knife wounds.  Typically, injuries from penetrating wounds are divided into 
those of the cervical and lower esophagus.  Such injuries are often complicated by 
extensive damage to adjacent anatomic structures.  There are cases in which the 
esophagus has sustained a perforating gunshot wound, but no adjacent significant 
blood vessels were damaged thus, perforation of the esophagus does not necessarily 
equate with the cause of death.
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D. Stomach: The stomach can acquire traumatic injuries from blunt force trauma,
foreign bodies, penetrating and perforating wounds, and perforating ulcers due to 
cerebral injury.
Traumatic rupture of the stomach is relatively uncommon.  As previously discussed in 
the review of the anatomy of the abdominal cavity, the stomach lies principally in the left 
upper quadrant of the abdomen, lying in the left hypochondriac, epigastric and umbilical 
areas.  It lies posterior to the costal cartilages of the seventh to the ninth ribs, being 
separated from them by superior fibers of the transverse abdominis muscle.  Thus, a 
substantial portion of the fundus and body of the stomach are protected by these ribs.  
Another factor, which protects the stomach is its relative mobility, it is not in an anchored 
fixed position.
The first major study of traumatic injuries to the abdomen was by Makin in 1870.  He 
reviewed 282 cases, eighty-nine of which had rupture of internal viscera, but not a 
single gastric rupture.  During this period, Neuman also reported on 54 reported cases 
of ruptured abdominal viscera, but again, there was not a single case of a gastric 
rupture.  The first major study to show traumatic rupture of the stomach was by Petry in 
1896.  His study involved 219 cases of rupture occurring in the gastrointestinal tract, 21 
were in the stomach, 13 of which were traumatic and 8 spontaneous, 163 were in the 
small intestines and 26 in the large intestines.
In 1929, Glassman, et al. divided rupture of the stomach into three main groups: those 
following severe and moderate trauma, those following slight trauma and 
spontaneous rupture (Fig. 78).
In those falling under the category of severe and moderate trauma, 65.6% showed 
other injuries, mostly internal.  The spleen was the organ most often injured in 
association with rupture of the stomach, occurring in 22%.  The next most frequent 
organ injured was the liver, occurring in 18.7%.
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Fig. 78.  The above is an example of a rupture of the stomach manifested by the broad 
areas of hemorrhage.  (Wiki)

Rupture of the stomach in severe and moderate trauma occurs in one of three ways: 
by bursting, crushing or tearing.  The force applied may be diffuse, such as run over 
by a motor vehicle, crushing, or a fall from a height, or by a very focal applied force, 
such as by kicks, blows or fall on an object.  However, it can be difficult to ascertain the 
precise mechanism of injury just by observing the injuries.  For example, although the 
deceased sustained diffuse crushing injury to the external surface of the body, the 
stomach may show a focal bursting type rupture rather than a diffuse crushing injury, if it 
was filled at the time of the trauma.  Likewise in a focal injury, such as that produced by 
a kick, the stomach instead of showing a crushing injury due to impact with the vertebral 
column, may show a focal bursting injury, if it was filled when the kick was delivered.  A 
crushing injury can only be diagnosed if there is evidence of the rupture of the anterior 
and posterior wall opposite each other in a direct line with the vertebral column.

104



Tearing of the stomach may also occur when the abdomen is struck by an object, which 
catches the greater omentum and carries it distally; or in a fall from a great height, the 
stomach at the moment of impact, is carried on by its own momentum and tears at its 
attachments; this is especially true if the stomach is distended with food and or a liquid.
Examination of the stomach at the time of autopsy may show evidence of an incomplete 
rupture manifested by mucosal tears (Fig. 79).  A review of the medical records 
following the traumatic event may show evidence of the vomiting of blood by the victim, 
supporting the anatomic evidence of mucosal tears and thus an incomplete rupture.

Fig. 79.  The above is an example of an incomplete rupture of the stomach in a horse, 
showing only a mucosal laceration.  (Wiki)

Often in cases of rupture of the stomach external examination of the body fails to reveal 
evidence of blunt force traumatic injury.  When it does occur, it does so more frequently 
in focally applied blunt force than in the diffuse, crushing injury.
In Glassman et al. series, of those cases in which the exact site of rupture was given, 
two-thirds occurred near the pylorus.  This is believed to be due to the position of the 
pylorus relative to L1-L2 vertebrae.  Next in frequency was the anterior abdominal wall;  
the greater and lesser curvature were involved equally.
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Rupture of the stomach can occur following slight trauma, such as is not uncommonly 
experienced by everyone daily.  There appears to be two underlying associations, 
whether the stomach had an existing pathologic condition or the stomach was 
distended.
There is substantive evidence that very slight trauma may cause a perforation of the 
stomach.  Perforation of a gastric ulcer after slight trauma often takes place (Fig. 80).  
There has been a report of rupture of a gastric ulcer by a jump of three feet from a 
wagon to the ground.  Another case was described in which the victim ruptured his 
gastric ulcer while bending over as he was operating a drill.  

Fig. 80.  This is a photograph of a benign ulcer of the stomach.  (Wiki)

There have been reports of cases in which those who have a carcinoma of the stomach 
have suffered rupture of the stomach at the site of a carcinoma, as well as in the 
stomach immediately next to a gastric carcinoma (Fig. 81 & 82).

106



Fig. 81.  This is an example of an ulcer of the stomach suspicious for carcinoma.  The 
true nature of this ulcer was defined by a needle biopsy.  (Wiki)
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Fig. 82.  The above image is an example of an adenocarcinoma of the stomach, which 
had been surgically removed.  Gastric adenocarcinoma is a malignant epithelial tumor, 
originating from the glandular epithelium of the gastric mucosa; 90% of stomach 
cancers are adenocarcinomas.  (Wiki)

In many cases of slight trauma causing rupture of the stomach, the stomach was 
prominently distended.  For example, several cases of rupture occurred in victimʼs who 
were under the influence of opiates (p 111) and as part of their treatment had undergone 
lavage.  In another case the distention was associated with chronic gastritis.
The mechanism for rupture of the distended stomach is due to the failure of the 
contents of the stomach to pass through the pylorus or cardia at the moment of blunt 
force trauma to the abdomen.  When the stomach is suddenly compressed, even 
though the compression may be focal, the bursting tension is distributed uniformly over 
its wall.  If the energy of the trauma is diffused through displacing the stomach contents 
into the duodenum and esophagus, no injury will occur.  If however, the pyloric sphincter 
and cardiac orifice do not relax, allowing passage of the abdominal contents, or the 
contents of the stomach are too large for passage through the pylorus, the wall of the 
stomach is further stretched leading to rupture most commonly next to the lesser 
curvature (Figs. 83, 84 & 85).
With distention, the stomach tends to assume the shape of a sphere.  Thus, the lesser 
curvature has the greatest excursion, that is, it is stretched the most of all parts of the 
stomach hence, the anterior wall was affected next to the lesser curvature (Fig. 83) in 
approximately 70% of these cases as reported in one series.
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Fig. 83. This is an example of an antral perforation along the anterior wall, close to the 
lesser curvature.  The perforation was due to a trichobezoar, which because of its size 
could not pass through the pylorus.  (Internet Journal of Surgery) (Wiki)
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Fig. 84.  The above is the trichobezoar being removed at the time of surgery.  A bezoar 
is a ball of swallowed foreign material (usually hair, hence the name trichobezoar, or 
fiber), which collects in the stomach and fails to pass through the pylorus into the 
duodenum.  (Internet Journal of Surgery) (Wiki)

 

Fig. 85.  This is the trichobezoar after removal from the stomach.  Note its configuration 
conforms to the shape of the stomach.  (Internet Journal of Surgery) (Wiki)

The concept of spontaneous rupture of the stomach was first discussed by Perry and 
Lerent in 1819 in which they cited numerous alleged cases.  However, as early as 1831, 
Andral in his discussion of spontaneous rupture in animals, mentioned he had not seen 
a single case of such a rupture in humans.  In 1832, Cruveillier established the 
relationship between ulcers of the stomach and perforation.  Orth was one of the first to 
state that a healthy stomach could not spontaneously rupture.
In Glassmanʼs et al. review of spontaneous rupture they made note of a well known fact 
of spontaneous rupture of the stomach taking place in ruminating animals after feeding 
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on fresh clover.  Such ruptures were due to the development of carbonic acid gas from 
the fermentation of the contents of the pouch.
It is generally accepted that distention plays a primary role in spontaneous rupture.  
However, it is also accepted there are other elements involved.  The question that 
needs to be asked is why an overfilled stomach does not empty itself normally before 
the limits of its elasticity are reached.  Some of the contributing factors, which may play 
a role in this are pylorospasm; cardiospasm; passive cardia valve closure in which the 
overfilled fundus compresses the esophagus at the cardia; interference of neural 
ganglia in the stomach wall; and CNS influence as manifested by the experiments of 
Braun and Seidel, who found that in narcotized dogs, eructation (belching) and vomiting 
failed to occur even though the stomach was filled to its maximum.  Lastly, it is well 
known that distention interferes with the circulation of the stomach wall, which leads to 
ischemia, and ultimately, rupture.
In conclusion, rupture of a healthy stomach is uncommon.  With diffuse (severe and 
moderate) trauma, other organs are often involved, most often the spleen and liver.  
External signs of injury are usually not present, but occur more often in the localized 
type of injury.  Review of the medical records often reveals vomiting and hematemesis 
(vomiting of blood) in 50% of cases.  The site of rupture is often at or near the pylorus.  
When the rupture occurs following slight trauma, there is nearly always a distended 
stomach.  Slight trauma leading to rupture in a stomach, that has an underlying 
pathologic process, such as gastritis, ulcer, carcinoma, etc., is uncommon.
Alleged spontaneous rupture and rupture following slight trauma have closely related 
mechanisms.  The underlying causative factors are either due to distention alone or 
distention combined with acute local changes, such as ischemic necrosis.  The clinical 
manifestations of a severe contusion or of an incomplete laceration (mucosal laceration) 
of the wall of the stomach may be delayed for hours or even days after the injury was 
sustained.
Pediatric Injuries: The anatomy of the abdomen in young children differ from those of 
an adult.  It is these differences which account for many of the abdominal injuries in 
children.  The abdomen of a child is quite prominent.  Its widely flared costal margins 
offer less protection than the lower rib cage of the adults.  Also, the abdominal 
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musculature of the child is poorly developed, providing little protection from blunt force 
trauma.  Lastly, the child has a more narrow anterior to posterior dimension than the 
adult.  To some degree, the stomach distensibility and mobility often spares it from injury 
from a direct blow or compression.  However, as in the adult, if the stomach is 
distended, as after a meal, perforation can occur, typically along the anterior wall and 
greater curvature, followed in frequency by the lesser curvature.  This however, is 
uncommon, as only 2% of gastrointestinal ruptures in children involve the stomach. 
More commonly, the stomach is indirectly involved relating to either duodenal 
obstruction or gastric atony from starvation or neglect.  This atony is paralytic in nature, 
and not the result of mechanical obstruction.  In a child who is neither medicated with 
narcotics or is postoperative, marked gastric dilatation should raise the suspicion of 
chronic starvation (Fig. 86). 

112



Fig. 86.  The above is a child who has been subjected to chronic starvation.  Note the 
protruding abdomen.  (Wiki)

Blunt trauma can result in a variety of injuries of the stomach.  The least severe is 
edema and hemorrhage of the mucosal surface without disruption of the continuity of 
the wall.  Occasionally blunt trauma will produce occlusion of the epiploic vessels 
leading to ischemia of the gastric wall and delayed rupture.  The most common injury is 
a transmural laceration along a longitudinal or vertical axis.  With injuries of great force, 
there may be complete transection of the entire circumference of the stomach, such as 
occurred in an 11 year old boy involved in a two car head on accident.  He was a rear-
seat passenger, wearing a lap-belt-type of restraining device.
On examination he showed bruising across the epigastrium, with tenderness and 
guarding.   A nasogastric tube (NGT) was inserted.  A computer tomography (CT) scan 
showed the presence of hemopneumoperitoneum (presence of blood and air within the 
peritoneal cavity), a large hematoma in the lesser sac, and the tip of the NG tube lying 
outside the stomach within the hematoma (Fig. 87)  
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Fig. 87.  The above photograph shows a large hematoma associated with a large 
transection, rupture, of the stomach.  (Wiki)

At surgery, a near-complete transection of the stomach was seen, with only a 1 cm 
portion of the posterior wall being intact (Fig. 88).  The patient did recover with the only 
complication being the onset of vomiting.  This complication was the result of severe 
pylorospasm due to complete transection of the vagus nerve.

Fig. 88.  This is a photograph of a partial transection of the stomach noted at the time of 
surgery.  (Wiki)

114



Gastric injuries in a child from blunt force trauma are often associated with other intra-
abdominal injuries.  Splenic injury is the most commonly associated injury (Fig. 89).  As 
is in adults, pancreatic injury is frequently associated with gastric injury in a child (Fig. 
90).  Also, other bowel and liver injuries are frequently seen in a child with a gastric 
injury Fig. 91).

Fig. 89.  This is an example of a Grade 2 splenic injury due to a motor vehicular 
accident.  (Trauma.org) (Wiki)
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Fig. 90.  Completely transected pancreas at the level of the neck of the pancreas 
associate with a total transection of the splenic vein.  (Dr. Keyur S. Bhatt) (Wiki)
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Fig. 91.  The above photograph shows a grade V liver laceration associated with a 
laceration of the inferior vena cava and the right hepatic vein.  (Trauma.org) (Wiki)

Of injuries outside the abdomen, orthopedic trauma commonly accompanies gastric 
injury.  Head injury is the most common cause of death in patients with gastric injuries 
who die of an associated injury.
The mortality rate of gastric lacerations in a child is presently about 11%.  This is a 
marked improvement over previous reports of a mortality rate of 40 to 66%.  Both 
morbidity and mortality are considerably affected by the frequency of associated serious 
injuries.
On a rare occasion perforation of the stomach or the adjacent portion of the 
esophagus or duodenum is seen in newborn infants.  The first account of gastric 
perforation in a newborn infant was published by Siebold in 1825.  Elasaesser studied 
38 cases of ulcer and perforation of the upper gastrointestinal tract in 1864, and among 
these, seven were newborn infants in whom there was a high incidence of intracranial 
disorders.  The first comprehensive review of this subject was by Herbut in 1943.  The 
first report of survival from perforation of the stomach was published by Leager et al. in 
1950.  The first survival of a premature baby from rupture of the stomach was reported 
by Beattie and Bohan in 1952.
From 1953 to 1960, Hubbard Hospital reported 6 cases of spontaneous rupture of the 
stomach in newborn babies.  In their review of the literature then, they reported the 
majority of newborn babies with spontaneous rupture of the stomach were of black 
descent.
The exact cause of rupture of the stomach in these babies is not known, although many 
reasonable hypotheses have been advanced.  Clinically it manifest by sudden 
abdominal distention from pneumoperitoneum in a premature or seriously ill neonate or 
infant.  At laparotomy, the defect is typically seen on the greater curvature and is 
surrounded by normal appearing stomach.  In many cases, the edges of the perforation 
are hemorrhagic or necrotic and appear ischemic or traumatic in origin.  In some cases, 
thinning of the muscularis propria surrounding the defect has suggested a congenital 
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defect in the musculature.  This view remains controversial; others postulate the 
apparent muscle thinning may be artifact or distention and stretching.
Ingestion of foreign bodies rarely injure the stomach although, the esophagus, small 
intestines, appendix, and rectum are occasionally injured.  However, indigestible 
substances, such as hair or plant fibers, if swallowed, may remain in the stomach, 
forming balls of material called bezoars.  If the bezoars are not expressed through 
vomiting, they may, after reaching a certain size, cause sufficient irritation, which can 
lead to pyloric stenosis through pylorospasm, or even perforation (Figs. 83 to 85, p 109 
to 110).
As compared to the rest of the intestinal tract the stomach is not as frequently injured by 
knife or missile wounds.  The morbidity of such injuries is dependent much on the 
promptness with which the wound is repaired.  Leakage of the contents of the stomach 
will lead to a chemical peritonitis, since its fluid is relatively bacteria free (Fig. 92).

Fig. 92.  Small bowel showing involvement with a diffuse chemical peritonitis.  
(withfriendship.com) (Wiki)
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Focal mucosal hemorrhages and ulcerations in the lower portion of the esophagus, in 
any portion of the stomach, or in the first portion of the duodenum are sometimes 
observed in those who have died as the result of a head injury or brain tumor.  Although 
a cause-and-effect relationship between cerebral injury and mucosal hemorrhages and 
ulcerations had been known for many years, it was not until Harvey Cushing presented 
substantive evidence concerning the relationship in 1932 that cause-and-effect were 
firmly established.
The most common accepted explanation for the Cushingʼs ulcer is the stimulation of 
the vagal nuclei due to increased intracranial pressure, which leads to increased 
secretion of gastric acid.  However, although elevated gastric acid secretion may be 
noted in patients with stress ulceration (Cushingʼs ulcer) after head trauma and severe 
burns (Curlingʼs ulcer), mucosal ischemia and breakdown of normal protective barriers 
of the distal esophagus, stomach and the first part of the duodenum also play an 
important role in the pathogenesis of these ulcers (Fig. 93).

Fig. 93.  This is an example of a Cushing/Curling ulcer involving the mucosal lining of 
the stomach.  (Wiki)
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E. Duodenum: Penetrating trauma is the leading cause of duodenal injury in the 
United States, with 75 to 80% of this trauma due to gunshot wounds.  However, in 
Western Europe, blunt force trauma is the most likely cause.  Considering the fact the 
retroperitoneal location of the duodenum is in such proximity to other visceral organs 
and major vasculature, penetrating injury and blunt force trauma of the duodenum is 
seldom isolated.
Blunt force trauma to the duodenum usually occurs from crushing between the spine 
and steering wheel, handlebar or some other force applied to the anterior aspect of the 
duodenum (Figs. 94 & 95).  In children such injury may be associated with flexion or 
distraction fracture of L1-L2 vertebrae (the Chance fracture), which will be discussed 
shortly.  Stomping and striking the mid-epigastrium are also common causes.  Less 
commonly, deceleration may produce a tear at the junction of the third and fourth parts 
of the duodenum, with tears of the first and second parts occasionally being reported.  
Bursting injuries of the duodenum have also been reported through a sudden increase 
in internal pressure within a loop of the duodenum whose ends are momentarily closed.
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Fig. 94.  The above is an IV contrast-enhanced helical CT scan of the abdomen of a 19 
year old man who had been in a motor vehicular accident.  It reveals a disruption of the 
lateral wall of the junction of the second and third portions of the duodenum, consistent 
with a mural laceration.  Note combination of accompanying duodenal wall thickening 
(arrowheads) and intra-and extra-luminal fluid (arrow).  (American Journal of 
Roentgenology, December 2000 v 175 no 6) (Wiki)

Fig. 95.  This shows a 3 cm tear in the anterior-lateral wall of the duodenum (arrow).
(The Internet Journal of Surgery) (Wiki)

There has also been described rupture of the duodenum due to the cone of kinetic 
energy expressed by a high velocity missile passing through the abdominal wall without 
entering the abdominal cavity.
As in the stomach, ulcers, benign or malignant, may lead to perforation of the 
duodenum (Figs. 96 & 97).

121



 

Fig. 96.  This illustration shows benign (peptic) ulcers, one in the stomach and the other 
in the first part of the duodenum.  (Wiki)
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Fig. 97.  The above is a photograph showing a benign ulcer involving the first portion of 
the duodenum.  The stomach is at the top.  (Ed Friedlander, M.D., Pathologist) (Wiki)

Approximately one-third of duodenal ruptures occur in the retroperitoneal space and do 
not communicate with the peritoneal cavity.  In most cases of retroperitoneal 
perforations there is first only mild upper abdominal tenderness with a progressive rise 
in temperature, tachycardia and occasionally vomiting.  After several hours the 
duodenal contents empty into the peritoneal (abdominal) cavity leading to the 
development of peritonitis (Fig. 98).  However, if these contents spill into the lesser sac 
they may be walled off and thus localized and possible forming an abscess (Fig. 99).  
They can also leak directly into the peritoneal cavity by passing through the epiploic 
foramen (Foramen of Winslow).  The foramen of Winslow connects the lesser sac
with the greater sac.

Fig. 98.  This is a photograph of an infection of the peritoneal lining of the abdominal 
cavity, called peritonitis.  The yellow material is composed both of necrotic material and 
fibrin.  (Wiki)
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Fig. 99.  This is an illustration of a median section through the abdomen to show the 
peritoneal cavity.  The lesser sac is situated behind the stomach and in front of the 
pancreas.  The caudate lobe of the liver invaginates the lesser sac.  Below the liver, the 
stomach, transverse colon, and small intestine are seen in section.  The greater 
omentum and the transverse mesocolon are fused posteriorly.  The arrows, indicate the 
surgical approaches to the lesser sac.  Note also the relations in the pelvis.  (Basic 
Human Anatomy-OʼRahilly, Müller, Carpenter & Swenson) (Wiki)

The lesser sac (omental bursa) is a cavity within the abdomen formed by the lesser and 
greater omentum.  The anatomic margins are formed anteriorly by the caudate lobe of 
the liver, the stomach and lesser omentum.  Posteriorly it is formed by the pancreas.  Its 
left lateral margin is made up by the left kidney and adrenal gland.  Its boundary on the 
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right is made by the epiploic foramen and the lesser omentum.  The lesser sac is 
formed from an infolding of the greater omentum.
Typically, before doing the autopsy, the forensic pathologist will review the medical 
records.  Should he or she suspect a duodenal perforation, they will be looking for 
elevation of the serum amylase.  It must be kept in mind the duodenum is 
retroperitoneal, and the concentration of amylase and other digestive enzymes in 
leaking duodenal fluid is variable, with the amylase concentrations both in the leaking 
fluid and serum taking several hours to days to increase after the injury.  The point to all 
of this is the presence of a normal amylase level, however, does not exclude duodenal 
injury.  Although virtually all patients with blunt duodenal injury will eventually have an 
increased white blood cell count and amylase level in diagnostic peritoneal lavage fluid, 
such lavage has a low sensitivity for the diagnosis of duodenal perforation. 
The presence of a retroperitoneal hemorrhage extravasation, occupying the root of the 
transverse mesocolon and the adjacent region, with a peritoneal cavity that is grossly 
clear, is practically pathognomonic of traumatic retroperitoneal rupture of the duodenum, 
especially with the presence of subperitoneal petechial hemorrhages and fat necrosis 
over the ascending colon, transverse colon and mesocolon.
Pediatric Injuries: In children blunt force trauma to the abdomen in the second leading 
cause of death in fatal child abuse.  The two most common causes of duodenal injury in 
children are abuse and motor vehicular collisions in which the lap belt has been 
placed over the abdomen rather than the pelvic region and iliac crests.  
Children are especially vulnerable to intra-abdominal injuries when using only seat 
belts.  This is because the lap seat belt was designed to fit across the anterior iliac 
spine of adults, which provides an anchor point to dissipate inertial forces away from the 
spine.  A childʼs body habitus and posture do not conform to this design.  In a vehicle 
with only seat belts, the typical sitting position of a child is slouched with the belt lying 
across the abdomen.  They also have a higher center of gravity, with a larger head-to-
body ration, which accentuates spinal bending.  Thus, the posterior components of the 
vertebrae (pedicles, laminae, posterior ligaments, facets, and spinous processes and 
the anterior components (vertebral bodies and discs) are compressed.  There is a well 
recognized injury in children, the horizontal fracture through the spinous process and 
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pedicles, which is known as the Chance fracture (Fig. 100).  Typically, the victims are 
toddlers.  A toddler is a young child, usually being between the ages of one and three.  
Up to 50% of Chance fractures have associated intra-abdominal injuries.  Injuries 
associated with the Chance fractures include lacerations of the pancreas; contusions or 
lacerations of the duodenum; and mesenteric contusions or lacerations.

Fig. 100.  This is an X-ray of a Chance fracture of T10 and T9 due to a seatbelt during a 
motor vehicular accident.  The most common site at which Chance fractures occur is the 
thoracolumbar junction,T12 to L2, and the mid-lumbar region in the pediatric population.  
This fracture is due to sudden forward flexion that occurs when one is involved in a 
head-on motor vehicular collision while being restrained by a lap belt.  With the arrival of 
both lap and shoulder belts in the 1980s, Chance fractures have become less common 
especially now that lap-belt-only seat belts have been almost entirely phased out.  
(Wiki)

126



In the child, the most common cause of blunt force trauma to the abdomen is crushing 
or compressive impacts.  As in adults causative agents include punches with clinched 
fist, kicks, or rapid deceleration following impact with an immovable surface.  There are 
several injury mechanisms: decelerating or shearing forces at the mesenteric 
attachments, as well as sudden increased intra-luminal pressure due to the duodenum 
being impacted directly over the lumbar vertebrae.  Duodenal perforation and intra-
luminal hematoma are frequent sequelae.
External physical evidence of injury, such as abdominal bruising is the exception (Fig. 
101).  

Fig. 101.  The above shows an ecchymosis (bruise) extending across the lower 
abdomen due to a seat belt.  (EB Medicine) (Wiki)

The child may not be diagnosed properly even under medical care, most especially if 
they present in an unconscious state or are preverbal.  One of the most frequent fatal 
injuries in child abuse is occult abdominal trauma with unattended intestinal perforation 
( Fig. 102).
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Fig. 102.  This is a photograph of the traumatic perforation of the second part of the 
duodenum (a), and gallbladder (b).  Note the extensive bile staining and flakes of 
necrotic debris (pus) all around the retroperitoneum.  (Journal of Emergencies, Trauma, 
and Shock) (Wiki)

Intramural hematoma is a rare injury of the duodenum that is specific to patients with 
blunt abdominal trauma.  It is most common in children after isolated force to the upper 
abdomen, possibly because of the relatively flexible and pliable musculature of the 
childʼs abdominal wall; half of the cases can be attributed to child abuse.  Being well 
vascularized, the duodenum has multiple potential bleeding sites.  Intestinal hematoma 
without appropriate trauma history is classic in cases of child abuse.  The areas of 
hematoma may be diffuse or localized.  The majority of small bowel hematomas are 
found in the duodenum and proximal jejunum, immediately distal to the ligament of 
Treitz (Fig. 103).  The ligament of Treitz is a suspensory muscle of the duodenum that 
connects the duodenum to the diaphragm. It is a thin muscle that wraps around the 
small intestine where the duodenum and jejunum meet.  When it contracts, the 
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suspensory muscle widens the angle of the duodenum-jejunal flexure, allowing 
movement of intestinal contents.  Duodenal hematomas are typically anti-mesenteric in 
location in contrasts to the mesenteric location of jejunal and ileal hematomas.

Fig. 103.  This is an example of an intramural duodenal hematoma cavity after the clot 
has been removed.  (Nolan et al. World Journal of Emergency Surgery 2011 6:42) (Wiki)

Foreign bodies can lodge within the duodenum (Fig. 104).  If they are sharp in nature, 
they may perforate the posterior wall following which they will penetrate the pancreas or 
the retroperitoneal space and possibly enter the peritoneal cavity.  The object may 
penetrate the portal vein and result in fatal hemorrhage or phlebitis.  Large foreign 
bodies occasionally perforate the duodenum and become encapsulated in the 
peritoneal cavity with remarkable little disturbance.
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Fig. 104.  This is a photograph taken through an endoscope of the second portion of the 
duodenum of a 51 year old female patient who had complained of abdominal pain for 
several months.  Further endoscopic inspection revealed a foreign object lodged in the 
second portion of the duodenum.  Examination of the duodenal wall revealed 
ulcerations at both insertion sites.  The object proved to be a toothpick, which had a 
penetration depth obliquely approximately between 1 to 1.5 cm.  (Peter B Kelsey, M.D., 
Harvard Medical School, Massachusetts General Hospital) (Wiki)

F. Jejunum, Ileum and Mesentery: Aristotle was the first to report a small rupture
secondary to blunt trauma, however, injury to the gastrointestinal tract from blunt trauma 
is an uncommon event.  When such injuries occur they typically are encountered in 
victims of assault due to a blow or a kick against the lower portion of the abdomen.  
Blunt force trauma due to falls or to motor vehicular accidents account for many 
lacerations of the intestines or mesentery.  There are occasions in which intestinal 
lacerations are identified in persons who have fallen from a height even though there is 
no evidence of direct impact to the abdomen.
Samuel Annan, in 1837, reported the first case of intestinal rupture secondary to blunt 
trauma in the United States.  Geill, in 1899, reported a 11% incidence of major intestinal 
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injury among his patients who had sustained visceral injuries of the abdomen due to 
blunt force trauma.  This figure is consistent with the 5 to 15% reported in another series 
making the intestines the third most commonly injured abdominal organ due to blunt 
force trauma.  In 1935, Counsellar and McCormack did a review of the literature up to 
this point.  They identified 1183 reported cases of non-penetrating intestinal trauma with 
the jejunum being the most common site.  The jejunum was followed by the ileum, 
duodenum and the large intestine in descending order of frequency in their review.  In 
the jejunum it was its proximal portion, which was most frequently involved and in the 
ileum, its distal portion.  Typically, when the proximal portion of the jejunum is involved, 
the injury occurs within two feet of the ligament of Treitz.  Also, some studies suggest 
that when these proximal jejunum injuries occur they are the sole abnormality in up to 
35% of patients.  Injuries of this kind were seen more frequently in adults than in 
children, and more frequently in thin than in obese persons.  The mortality rate with 
such injuries was 73%, with missed or delayed diagnosis implicated as the major 
contributing factor (Fig. 106).  Today, most of these injuries occur as the result of motor 
vehicular accidents, and many of the patients have multi-system injuries.
In a general sense, these injuries are characterized by: (1) the frequent absence of any 
external wounds or bruises, and (2) the frequent occurrence of a long interval (two to six 
hours) between injury and the onset of clinical signs and symptoms.
There are three principal mechanisms by which the intestines sustains injury by blunt 
trauma: (1) crushing by an external force against the vertebral column; (2) bursting due 
to a rapid pressure increase in a relatively closed bowel segment; and (3) shearing of 
the bowel from its mesentery at a fixed point during deceleration.  It was Counsellar and 
McCormick that gave evidence to the “fixed point” theory when they reviewed the world 
literature in 1935.
Crushing injuries occur when the intestine is caught between the anterior abdominal 
wall and either the spine or pelvis.  Such crushing injuries can lend to complete 
transection of the intestine or produce two injuries in the same segment of the 
intestines, one on the anterior wall and the other on the posterior wall.  Crushing injuries 
can also produce a mild simple contusion on the serosal surface of the intestine.  If the 
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crushing injury produces a large ragged through-and-through defect in the intestinal wall 
it is typically associated with injuries to other abdominal structures.  
The most common intestinal injury produced by blunt force trauma is a defect due to 
bursting of the intestinal wall.  This type of wound appears as a round, oval, or linear 
hole in the intestine, typically on the side opposite the attachment of the mesentery 
(anti-mesenteric) (Fig. 105).  This type of lesion is represented by protrusion of the 
lacerated mucous membrane through the defect in the serosa.  Should there be a delay 
for whatever reason in the perforation being recognized, bacterial peritonitis will develop  
within 24 to 48 hours (Fig. 106).

Fig. 105.  The above photograph is of the jejunum showing a perforation along the anti-
mesenteric side.  (Department of Surgery and Radiodiagnosis, M.M. Institute of Medical 
Sciences and Research, Mullana, Haryana, India) (Wiki)  
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Fig. 106.  The anterior abdominal wall has been opened exposing the peritoneal cavity.  
Within the peritoneal cavity is brown yellow turbid fluid consistent with pus (necrotic 
material) secondary to a bacterial peritonitis due to a 5 day old perforated small bowel.  
(Wiki)

Although the intestine has considerable mobility and its contents may be readily 
displaced along its lumen, however, if a segment of the intestine is violently 
compressed, such that its contents cannot be readily displaced along its lumen, the 
resulting marked increase in hydrostatic force will rupture the wall of the intestine.  What 
enhances such a rupture is distention of the lumen.
Blunt force trauma to the abdomen or elsewhere on the body due to a fall from a height 
may cause a laceration of the mesentery with or without damage to the intestine proper 
(Fig. 107).  Typically, such lacerations are close to the free margin rather than the root of 
the mesentery.  Such mesenteric lesions may present as focal areas of minimal 
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hemorrhage within the mesentery to extensive through-and-through lacerations.  Such 
lacerations may lead to extensive intra-peritoneal hemorrhage or minimal to mild loss of 
blood due to the development of mesenteric vascular thrombosis, which in turn leads to 
secondary infarction of the bowel wall.  What you need to keep in mind is an intestinal 
rupture caused by blunt injury is less likely to result in severe hemorrhage than is a 
penetrating wound.

Fig. 107.  The above shows a tear in the mesentery of the small bowel, which is defined 
by the black arrows.  It runs from the root of the mesentery to the mesenteric border 
with possible extension into the bowel wall.  (RadioGraphics November 2001 v 21 no 6) 
(Wiki)

Blunt force trauma to the abdomen may also lead to obstructive ileus and peritonitis 
(Fig. 106) even though no primary wound of the intestine can be demonstrated.  Ileus is 
often described as a bowel obstruction due to the loss of normal peristalic activity of the 
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intestinal wall.  Technically, ileus is due to a decrease in motor activity of the intestine 
due to non-mechanical causes.  Such paralysis of the intestine is referred to as paralytic 
ileus, which leads to the prohibition of food passing through the intestine followed by 
intestinal blockage.  Such paralysis can follow surgery, usually abdominal surgery, 
trauma, usually abdominal trauma, drugs, electrolyte imbalance, metabolic acidosis, 
such as diabetic ketoacidosis, hypothyroidism, severe illness, such as inflammation with 
peritonitis, and spinal cord injury.  Typically, those injured above T5 will have 
hypomotility problems with the intestine.  
After ileus, peritonitis, shock and hemorrhage, one of the most common causes of death 
following blunt force trauma to the abdomen is pulmonary fat embolism.
The Department of Surgery, Maryland Institute for Emergency Medical Services 
Systems, Shock Trauma Center (MIEMSS), conducted a modern-day review, which 
extended over a 5 year period from January 1978 to December 1982.  During this time 
196 patients were the victims of motor vehicular accidents commonly with multi-system 
injuries.  Sixty of these patients suffered 83 major injuries as perforations or mesenteric 
injury resulting in ischemic bowl.  Several interesting points came from this 5 year study.  
Although there are many papers on blunt force traumatic injury to the duodenum, with 
some series stating these injuries comprise 30 to 60% of all bowel perforations from 
blunt force abdominal trauma, in the MIEMSS study only two perforations were seen.  In 
addition, only three major pancreatic injuries and one stomach perforation was seen 
during this period.  It is believed the paucity of injuries to the duodenum, pancreas and 
stomach in motor vehicular accidents is due to the fact they are well protected by the 
costal margins from objects like a steering wheel.  Also, the addition of seat and 
shoulder belts, and air bags further decreases the likely hood of injury to these 
structures.  They are much more prone to injury inflicted by well localized blows from 
fists, feet, or small weapons.
Although, the concept that the proximal jejunum and distal ileum are more prone to 
perforation has been extensively written upon in the surgical literature for decades, the 
MIEMSS study contradicted this idea.  This study clearly demonstrated perforations 
involving the jejunum and ileum were distributed throughout the length of the small 
bowel with less than half of the perforations occurring in the proximal jejunum and distal 
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ileum.  Other studies have supported the MIEMSS study.  However, this study did show 
a strong predilection for the distal ileum in mesenteric tears.
Complete avulsions of the root of the mesentery were uncommon in the MIEMSS study.  
It is believed this was because such an injury is catastrophic, hence, the patient dies at 
the scene, since the bleeding is not contained by the retroperitoneum.
Pediatric Injuries: In the article, “Pediatric Blunt Abdominal Trauma,” by Wegner et al. 
published in 2006, approximately 1.5 million children are injured each year, resulting in 
500,000 pediatric hospitalizations, 120,000 children with permanent disability, and 
20,000 deaths.  They also pointed out that although abdominal trauma is less common 
than isolated head injury, it is still a leading cause of morbidity and mortality in children.  
In the case of preverbal children (It is not until 2 years of age a child has a vocabulary of 
approximately 100 words and can put 3 words together as subject, verb, and object) or 
children with a decreased level of consciousness, identification of an abdominal injury 
can be most difficult.
In children, motor vehicular collisions (without proper restraints to prevent ejection from 
a vehicle), automobile versus pedestrian accidents, and falls are associated with the 
greatest risk of blunt force trauma to the abdomen.  Other mechanisms for blunt 
pediatric abdominal trauma are children involved in a motor vehicular collision wearing 
only lap belt restraints, automobile versus bicycle accident, all-terrain vehicular 
accidents, handlebar injuries from bicycles, and sports or non-accidental trauma due to 
direct blows to the abdomen, such as with fist or a kick.  Some studies have shown that 
sledding and snowboarding results in more abdominal injuries than football.
There are certain clinical feature of the physical examination of the child, which can 
suggest children with blunt force traumatic injury.  The first is the presence of a femur 
fracture.  The Holmes study published in 2004 showed the presence of a femur fracture 
in a child, strongly suggest further examination and diagnostic imaging most especially 
of the abdomen (Figs. 108, 109, 110 & 111).  The second finding that predicted intra-
abdominal trauma was a low systolic blood pressure.  Another factor that raised the 
suspicion of intra-abdominal trauma was a decrease in mental status (Fig. 112).  The 
Holmes investigation identified a Glasgow Coma Score of less than 13 as a mild 
indicator of intra-abdominal trauma.
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Fig. 108.  Two infants with a femur fracture.  Child abuse was suspected because of the 
age of the child and an inconsistent history given by the parents. (Diagnostic Imaging in 
Child Abuse, Non Accidental Trauma, by Simon Robben, Radiology Department of the 
Maastricht University Hospital in the Netherlands) (Wiki)
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Fig. 109.  The above radiograph shows a typical corner fracture, which is very specific 
for non-accidental trauma.  (Diagnostic Imaging in Child Abuse, Non Accidental Trauma, 
by Simon Robben, Radiology Department of the Maastricht University Hospital in the 
Netherlands) (Wiki)
  

Fig. 110.  Bucket Handle Fracture.  These fractures are essentially the same as corner 
fractures.  Corner and bucket handle fractures are most common in the tibia, distal 
femur and proximal humeri.  They are frequently bilateral.  (Diagnostic Imaging in Child 
Abuse, Non Accidental Trauma, by Simon Robben, Radiology Department of the 
Maastricht University Hospital in the Netherlands) (Wiki)
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Fig. 111.  Rib fractures in a child are very common and highly specific for abuse.
In this study, 31 children who died as the result of child abuse, there was an extremely 
high incidence of rib and metaphyseal fractures.
The above illustration shows the location of the fractures in 31 children who died as a 
result of child abuse.  (Diagnostic Imagine in Child Abuse, Non Accidental Trauma, by 
Simon Robben, Radiology Department of the Maastricht University Hospital in the 
Netherlands) (Wiki)
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Fig. 112.  The child is held around the chest and violently shaken back and forth.  This 
cause the extremities and head to move back and forth in a whiplash movement.  Intra-
cranial injury occurs as a result of the severe angular acceleration, deceleration and 
sometimes the direct impact as the head strikes a solid object, such as a wall, thus 
leading to diminished mental status to unconsciousness.
The chest is compressed resulting in rib fractures.
The arms and legs move about in a whiplash movement resulting in the typical ʻcornerʼ 
or ʻbucket-handleʼ-fracture in the metaphyseal region (Figs. 109 & 110).  (Diagnostic 
Imaging in Child Abuse Non Accidental Trauma, by Simon Robben, Radiology 
Department of the Maastricht University Hospital in the Netherlands) (Wiki)

Lastly, when it comes to a preverbal child, the treating physician should always err on 
the side of caution in considering whether to obtain further laboratory testing or 
radiographic imagine (Fig. 113).

140



Fig. 113.  In violent shaking the child is held very tightly around the chest and squeezed 
while being shaken.  This compresses the ribs front to back and tends to break them 
next to their attachments to the vertebrae and laterally where they are being almost 
folded in half.  Therefore, lateral and posterior rib fractures are highly specific for child 
abuse.
CPR is rarely a cause of such fractures.  These rib fractures in abused children may be 
found incidentally on chest x-ray performed for other reasons, such as an evaluation for 
pneumonia or a soft tissue mass.
The above radiographs were taken to evaluate a child for a soft tissue mass in the 
costochondral region.  The left radiograph shows a soft tissue swelling (yellow arrows) 
and the chondral part of a rib (red arrow), which is disrupted from the bony part (orange 
arrow) of the rib.
The right radiograph was taken two weeks later and showed two fractures denoted by 
the yellow arrows.  The initial chest x-ray was negative.  (Diagnostic Imaging in Child 
Abuse Non Accidental Trauma, by Simon Robben, Radiology Department of the 
Maastricht Hospital in the Netherlands) (Wiki)

Injuries to the small intestines or colon are less common than solid organ injuries in 
children with blunt force trauma to the abdomen.  Holmes et al. study published in 2002 
performed a prospective analysis of 1095 children who presented to a trauma center in 
which only 2% had gastrointestinal injuries.  Their injuries included perforation, intestinal 
hematomas, and mesenteric tears with bleeding.  These injuries were due to sudden 
deceleration resulting in a shearing force at the mesenteric attachment.  This type of 
injury typically occurred during motor vehicular accidents, not uncommonly associated 
with lap belt injuries, and falls from heights.
Regarding motor vehicular accidents, any child in whom a “seatbelt sign” (Fig. 101, p 
127) is noted on the anterior abdominal wall should be evaluated for at least 24 hours 
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for the development of peritonitis.  The “seatbelt sign or syndrome” was established by 
Garrett and Braunstein in 1962 to describe the distinctive pattern of injury resulting from 
the use of lap-style safety belts in automobile accidents.  The syndrome describes injury  
to the intestines and its mesentery with associated fracture, distraction, or subluxation of 
the lumbar spine.  The seatbelt syndrome is caused by the rapid deceleration of high-
impact crashes, resulting in sudden flexion of the upper body around the lab-style seat 
belt with its consequent compression of the abdominal viscera, most especially the 
duodenum and jejunum.  These structures are thought to be more vulnerable to blunt 
force injury in young children because of the unique characteristics of the toddlerʼs 
abdomen, wide and comparatively flared costal margins and a short anterior posterior 
distance.  Abdominal pain that worsens or persists and persistent emesis must be 
investigated with repeated physical and laboratory examinations and the use of repeat 
abdominal CT imaging.
Blast injuries: I would briefly like to address blunt force traumatic injuries to the 
intestinal tract due to explosions (Fig. 114). 
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Fig. 114.  The above is an example of an explosion occurring in a combat zone.  (Wiki)
 

Blast injury refers to the pathophysiologic events, which occur following the victims 
exposure to a blast wave due to an explosion.  There are four types of blast injuries: (1) 
Primary blast injury is caused by the shock wave and the effects are greatest at the gas-
liquid interface, thus air containing organs are most easily damaged in air and 
underwater blasts; (2) Secondary blast injury caused by flying debris; (3) Tertiary blast 
injury due to the impact of the victim with stationary objects (Figs. 115, 116 & 117); and 
(4) Miscellaneous injuries, which include exposure to dust, which may be radioactive 
and thermal burns from the explosion and subsequent fires (Fig. 118).

Fig. 115.  The above is a picture of the inside of an office space overlooking the rear of 
the US Embassy after the bombing in Nairobi, Kenya, in 1998.  Several casualties were 
near the window at the moment of detonation.  Thus, they received primary blast injury 
from the blast wave itself, secondary blast injury from fragments of the truck carrying the 
device and glass, and tertiary blast injury from being propelled into objects.  Note the 
head-high arcing blood smears on the wall.  (From Lt Col Wightmanʼs personal 
photographs) (Wiki)
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Fig. 116.  This is a chest x-ray showing small fragment wounds and primary blast injury 
of the lung resulting in pulmonary contusions demonstrated as infiltrates under the left 
chest wall.  (from the Textbook of Military Medicine, part 1, volume 5, page 302, Fig. 
9-2) (Wiki)
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Fig. 117.  This is an example of direct secondary blast injury.  This wound was made by 
a fragment of a 105 mm shell.  (From the Textbook of Military Medicine, part 1, volume 
5, page 125, Fig. 4-15) (Wiki)
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Fig. 118.  The above photograph shows multiple burns of the lower extremities caused 
by hot metal spall from inside of an armored vehicle struck by a shape-charged weapon.  
(From the Textbook of Military Medicine, part 1, volume 5, page 32, Fig. 1-45)

Injuries to the intestinal tract can occur from explosions, either in the air or under water, 
although, they typically do not have the same severity in air as compared to those in 
water.  This is because in air explosions, the blasts dissipates more rapidly and tends to 
be reflected at the body surface; in water the blast wave travels through the body and 
causes internal gas-liquid interface organ damage.  
Air explosions are not likely to cause intra-abdominal injury unless the victim is facing 
the blast wave, in which case if a segment of the gastrointestinal tract is distended by 
pockets of interspersed gas with liquid and or digested food, it may rupture.  Also, it 
makes a great deal of difference in explosions occurring in air whether the explosion 
was in a closed space (Fig. 115) versus an open space.  The victim is far more likely to 
be injured by the primary blast wave if the explosion occurred in a closed space such as 
a room or bus.  This is because in an open space explosions, the primary blast over 
pressure waves degrade in a tertiary fashion and are dissipated within as short a 
distance as 10 feet from the explosion epicenter (Fig. 119).  In a closed space, such a 
dissipation is far less likely to occur, especially when you consider the reflection of the 
primary blast overpressure waves off the flat surfaces of the closed space.  Typically, 
those close to the epicenter of an open space explosion die from a combination of 
primary, secondary and tertiary blast injuries.  The survivors of open space explosions 
are primarily injured by the fragments that are thrown thousands of feet (Fig. 117).
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Fig. 119.  This is an illustration of the component parts of a typical blast wave.  The 
positive phase of pressure is the time the pressure acts positively on an object; impulse 
refers to the area under the pressure-time curve and is a measure of the total energy 
acting on an object with impulse being measured by ½ (t x d), t=duration and 
d=pressure; negative phase duration of pressure is represented by the period in which 
air rushes in to fill the void behind the blast wave.
Positive pressure is the pressure that is produced by a blast in a positive movement.
Negative pressure is when the positive pressure wave passes and the air is trying to fill 
the void left behind, i.e., rushes back in.  It is possible for windows to be sucked out of 
their frames during this phase.
The peak pressure of the blast and the time over which the initial pressure wave decays 
to zero together define the impulse energy delivered.  While pressure is instantaneous, 
the delivered energy is cumulative, and is at the root of the damage that can result.  
Mathematically, the impulse energy is figured as the area under the pressure-time 
waveform.
Although blast loads are applied very quickly within-milliseconds-their characteristics 
exhibit a distinctive profile.  As this graph shows, the typical wave form features a 
positive phase as the blast pressure acts from the exterior, characterized by a virtually 
instantaneous rise to the peak overpressure.  There is then a rapid decay of pressure to 
zero.
After the pressure wave expands the air in the blast wave, creating a vacuum, air will 
rush back in to fill it.  This causes the negative pressure phase.  Finally, there is a 
rebound phase as pressures equalize.
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The impulse as displayed on the curve in the above illustration is the area under the 
positive overpressure blast curve.  It is a function of pressure and time and is 
mathematically calculate by ½ x pressure x duration.  This is the formula of area of a 
triangle ½ x base x height.  If you look at the curve it is essentially a triangle. (Wiki)

What is interesting, is that air blast injuries, that is injuries due to the primary blast 
overpressure waves, primarily occur at the interface between media of different 
densities, hence tympanic membrane rupture and injuries to the mucosa of the mouth 
and nose are common, as is damage to the lungs due to the pressure wave being 
transmitted through the upper airway, however, intestinal injuries rarely occur.
In underwater explosions, the resulting expanding pressure wave is exerted 
simultaneously in all directions.  Under these set of circumstances injury will occur 
wherever the pressure wave passes from a medium of greater intensity (tissue) to one 
of lesser intensity (gas within the intestine) with disruption occurring at the interface of 
the two media.  What appears to be essential for disruption to occur is the presence of 
the pockets of gas being trapped in such a way they cannot be displaced.  In essence, 
what occurs is the intra-luminal trapped gas is compressed with the wall of the intestine 
being ruptured by the rapid rebound effect of the compressed gas when it re-expands.  
The resulting intestinal lesions vary from focal submucosal and subserosal 
hemorrhages to through-and-through perforations, and retroperitoneal hemorrhage.  In 
addition there is also damage to the lungs, sinuses and tympanic membranes. 
In the lungs, the damage is not due to pressure transmitted through the upper air ways, 
as in air blasts, but as the result of transmission of the primary blast overpressure 
waves through the thoracic wall.  The lung damage occurs as pulmonary hemorrhage at 
the bases, and within the bronchi and trachea; alveolar and interstitial hemorrhage; and 
pneumohemothorax.
The victim may complain of a headache and have manifestations of a concussion, 
delirium to coma, the latter due to a subdural hematoma.  Air emboli may be seen in the 
cerebral vasculature, especially the circle of Willis causing death soon after the 
explosion.  The primary blast over pressure waves can also cause spinal cord 
compression manifested by transient paralysis if the victim is close to the epicenter.  
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Such individuals may also experience a concussion to the autonomic nervous system 
causing ileus of the bowel.
The heart may show instantaneous bradycardia, which typically reverts to a normal 
rhythm within 30 seconds.  This bradycardia is believed to be due to vagal reflexes from 
the damaged lungs.  The victim may show hypotension due to decreased cardiac output 
from the blood loss in the lungs, cor pulmonale and or myocardial ischemia, due to the 
effects of coronary artery air emboli.
Penetrating Injuries: Typically such injuries to the small bowel are due to gunshot or 
stab wounds, with the former being more common than the latter.  Gunshot wounds 
are associated with a higher incidence of intra-abdominal injuries as compared to stab 
wounds.  Stab wounds to the anterior abdominal wall are associated with significant 
intra-abdominal injury in 30 to 50% of such cases.  However, stab wounds of the back 
and flank show fewer significant intra-abdominal injuries, occurring in just 15% of cases.
Gunshot wounds to the anterior or lateral aspect of the abdominal wall are associated 
with significant intra-abdominal injury in 90% of such cases.  However, gunshot wounds 
to the back are associated with fewer significant intra-abdominal injury.
In penetrating abdominal trauma due to gunshot wounds, the most commonly injured 
organs are as follows: (1) small bowel, 50%; (2) colon, 40%; (3) liver, 30%; and (4) 
abdominal vascular structures, 25% (Fig. 120).  What must be kept in mind with gunshot 
wounds is the severity of the intra-abdominal injuries is very much dependent on the 
velocity of the missile.  The higher the velocity, the more extensive the injuries.  
Remember, the kinetic energy released by a missile is velocity squared.  Another factor
is tumbling.  Missiles frequently tumble in their passage through the abdomen, thus 
further dissipating their kinetic energy leading to more extensive injury.  Missile injuries 
are more severe in friable solid organs, such as the liver, where damage may be caused 
by temporary cavitation due to the cone of kinetic energy, which is separate from the 
actual missile track. The missile may strike the vertebrae or pelvic rim, thus changing its 
course, often at a sharp angle.  In striking these structures, the missile may fragment on 
impacting bone or fragment the impacted bone leading to secondary fragments, which 
in turn can cause considerable damage.  In a low velocity missile, it may be deflected by  
movements of the viscera or to changes in position of the organs due to movements of 
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respiration.  A missile may penetrate a large blood vessel and be carried a considerable 
distance from the expected lodgment point.  Likewise, it may penetrate the intestine and 
be carried a considerable distance.

Fig. 120.  This is a gunshot wound of the small intestine.  The arrow shows the path of 
the missile.  Gunshot wounds typically have exit wounds that are larger than the point of 
entry.  Note the point of exit is more irregular and shows more fragmentation than the 
point of entry, which has a smoother more uniform shape. (Image Contrib. by UCHC) 
(Description by Melinda Sanders, M.D.) (Wiki)

In one study of 301 missile wounds of the abdomen 261 of these involved some portion 
of the gastrointestinal tract.  If the death occurs within 24 hours of the injury, it is 
typically due to hemorrhage and or shock.  Deaths occurring after 24 hours are 
generally associated with ileus and peritonitis.
The intra-abdominal injuries associated with shotgun wounds differ substantially from 
rifle and handgun wounds as they contain multiple metal pellets, and the shotgun barrel 
is not rifled (pellets do not need to spin to stabilize their trajectory, which is very  
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important for missiles).  The pellets spread apart after leaving the barrel and their 
velocity rapidly decreases (Fig. 121).  As they spread with increasing range, their area 
of distribution increases, however, the kinetic energy per pellet decreases thus, close in 
they have far greater wounding potential than a missile.  The combined mass of multiple 
pellets spread over a small area can produce massive destruction.  For a close-in-all-
out-firefight, the Franchi SPAS-12 automatic shotgun was considered one of the very 
best weapons you could have.

Fig. 121.  Shotgun wound of anterior chest and abdomen with birdshot.  The large 
irregular wound above and to the right of the umbilicus (LUQ) was produced by the wad.  
(Wiki)

In contradistinction to gunshot wounds, stab wounds generally have a more 
predictable pattern of organ injury.  In penetrating abdominal trauma due to stab 
wounds, the most commonly injured organs are as follows: (1) liver, 40%; (2) small 
bowel, 30%; diaphragm, 20%; and (4) colon, 15% (Fig. 122).

151



Fig. 122.  Penetrating knife wound of the abdomen causing evisceration of a portion of 
the small bowel.  This injury was successfully repaired.  (Trauma.org) (Wiki)

Something that must be kept in mind when it comes to stab wounds of the abdomen is 
the frequent disproportion between the length of the weapon and the apparent depth to 
which it reached.  Thus, a 3 inch blade of a pocket knife may produce a wound track 6 
inches long.  This is due to the inward displacement of the abdominal wall and the 
compression of the underlying structures by the external force of the impact.  It is rarely 
safe to estimate the length of the blade from the depth of the wound in the body. 
Foreign Bodies: Most ingested foreign bodies are eliminated within the feces and do 
not cause any harm.  One of the most common foreign bodies found within the lumen of 
the intestine are biliary calculi.  The terminal ileum is the most common site of 
obstruction by a calculus.  Fragments of dentures, coins and fruit pits can also cause 
obstruction in the terminal ileum.
It is not uncommon for some psychiatric patients to ingest sharp objects such as pins, 
needles, toothpicks, small bones and fragments of glass, however, these objects 
seldom cause any difficulty.  On occasions, these sharp objects can penetrate the bowel 
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wall and come to lie within the peritoneal cavity causing little inflammatory reaction (Fig. 
123).  What is of interest is that ingested fragments of glass often pass through the 
entire length of the intestines without causing any injury. 

Fig. 123.  Bone within the small intestine.  The white arrow denotes the point of mucosal 
penetration. (Wiki)

G. Colon and Appendix: The colon is the second most commonly injured organ in
penetrating trauma due to gunshot wounds, but blunt force traumatic injury is 
uncommon occurring in 2 to 15% of blunt abdominal trauma (Figs. 124 & 125).  
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Fig. 124.  This is a gunshot injury to the right lateral abdominal wall showing a portion of 
the right ascending colon perforated and protruding from the entrance wound Fecal 
matter can be seen in the perforated ascending colon.  (BMJ Reports 2009) (Wiki)
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Fig. 125.  This is a picture of a colon injury due to an air gun pellet in a 5 year old.  The 
pellet caused several large bowel perforations with the pellet coming to rest in the colon 
wall as shown.  The perforation in the skin is seen immediately above the surgical 
drape.  (Trauma.org) (Wiki)

Colon injuries occur less frequently than small bowel injuries, probably due to several 
factors, including location and lack of redundancy, which prevents the formation of 
closed loops.  However, rectal injuries, which will not be covered in this chapter, are 
more common in blunt trauma, especially when associated with pelvic injuries.  Carrillo 
et al. noted that a severe direct force is usually required to produce colon injuries.  Most 
of these are due to motor vehicular collisions (74%) and in the incorrect use of safety 
belts.  Not uncommonly colonic injuries are associated with other intra-abdominal 
injuries.  The mechanisms involved are the same as those for the small bowel: (1) 
crushing between the lumbar vertebrae and the anterior abdominal wall; (2) tangental 
tears at relatively fixed points along the bowel; and (3) sudden increase in intra-luminal 
pressure causing perforation.
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Howell et al. reviewed 19 cases and found that among colonic injuries, the transverse 
colon is most frequently injured.  Vincent and Dominick DiMaio echoed Howell et al. 
data, stating that the transverse colon is most open to trauma due to its relation to the 
lumbar vertebral column and its exposed position in the mid-abdominal cavity
(Fig. 126).  A severe impact to the anterior abdominal wall may crush the mid portion of 
the transverse colon between the anterior abdominal wall and the lumbar vertebrae.

Fig. 126.  The above is an illustration showing the intra-abdominal position of the large 
bowel.  Note the exposed position of the transverse colon in the mid-abdominal cavity.  
(Richard Miller-Surgery) (Wiki)

However, Bugis et al. in their study of 16 patients with colonic traumatic injuries found 
primarily left-sided injuries.  In contradistinction to Howell, DiMaio and Bugis, Barolen et 
al. reported blunt force traumatic injuries are evenly distributed.
The most common blunt force traumatic injury to the colon is the contusion, which 
occurs most commonly in the transverse colon.  Contusions are followed by serosal 
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tears, which again occur most commonly in the transverse colon.  Severe injuries occur 
more commonly in the sigmoid, right colon, and cecum, where rupture or devitalization 
from vascular compromise may result.  Most complete perforations were found in the 
sigmoid colon, which may be explained by its redundancy, which makes it susceptible to 
closed-loop formation.  There was one report which attributed injury to the sigmoid 
colon to lap belts.  Taylor et al. reported in their series of 50 patients with 57 major blunt 
injuries to the gastrointestinal tract, that the cecum and ascending colon were most 
commonly injured by devascularization.  Dauterive et al. also reported that 
devascularization injuries to the colon were most common in the right colon and in the 
small bowel, most commonly in the distal ileum.
Another injury to the colon, although unusual, was reported by Brown and Dwinelle in 
1942 in their article, “Rupture of the Colon by Compressed Air.”  In their article, such an 
injury was typically due to a prank in which a jet of compressed air is directed at the 
perineum of the victim with the intent of startling him.  The stream of air can pass 
through the layers of clothing to enter the anus and rupture the bowel, typically at the 
rectosigmoid angle.  
Rupture of the colon can also occur following the insertion of foreign objects, hands or 
animals for sexual stimulation.  Rupture can also occur during medical procedures, such 
as sigmoidoscopy, proctoscopy, high colonic enemas and occasionally during a barium 
enema.
The elderly and alcoholic patients are at increased risk for intra-abdominal injuries due 
to decreased abdominal muscular tone.
Due to the severity of the force required to injure the colon, it is not uncommon to have 
other intra-abdominal injuries.  Dauterive et al. reported the most frequently 
encountered intra-abdominal injuries were the liver, 64%; spleen, 52%; and small bowel 
mesentery, 48%.  Injuries of the transverse colon also increase the likelihood of 
pancreaticoduodenal injuries.
Pediatric Injuries: In children, colonic non-accidental injury is most often due to sexual 
abuse.  Genito-rectal trauma and rectal trauma due to sexual abuse of the child will be 
discussed in the chapter dealing with pelvic injuries.  Colonic injury due to accidental 
blunt force trauma is rare in the child.  It is believed this is due to the mobility of the 
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colon and its location either on the edge of the abdomen or in the pelvis.  However, as 
demonstrated in Fig. 125, accidental colonic injury does occur.  Colonic hematomas and 
perforations following abuse have been described.  They most commonly involve the 
transverse colon as reported by Kleinman et al. in 1986 and Wilner in 1982.
Foreign Bodies: Foreign bodies may gain access to the colon through ingestion or by 
insertion into the anus.  Ingested foreign bodies include those discussed under the 
jejunum and ileum, such as toothpicks (Fig. 127) fragments of dentures, small bones, 
pins, needles and fruit seeds.  Those objects inserted through the anus are varied as to 
their size, shape and composition including whisky bottles, beer bottles (Fig. 128), light 
bulbs, magazines, pair of glasses, aerosol can, tumbler and a large vibrator (Figs. 129 & 
130).  Evidence of an unexplained pelvic or perianal abscess should raise the possibility 
of a rectal or sigmoid colon perforation due to the insertion of a foreign object.

Fig. 127. This is a picture of a plastic toothpick projecting from the colon after 
penetrating its wall.  Note the inflamed omentum heaped up around it.  (Journal of 
Emergencies, Trauma, and Shock, 2102 v 3 issue 4 p 401-402) (Wiki)
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Fig. 127.  This is an x-ray of a 35 year old who presented to the emergency department 
with profuse rectal bleeding.  The x-ray revealed an intact bottle in the rectosigmoid.  
Laparotomy revealed a glass bottle of beer lodged in the sigmoid colon, with multiple 
lacerations in the rectum and sigmoid colon.  (New England Journal of Medicine 2010; 
363: 1748 October 28, 2010) (Wiki)

159



  

Fig. 128.  This is an x-ray showing a vibrator in the rectosigmoid of a 29 year old 
patient, which had been inserted for autoeroticism.  
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Fig. 129.  This is the vibrator detected in the above x-ray.  It required a surgical 
procedure for removal.  Such objects can become impacted by the pelvic floor muscles 
or migrate higher up into the sigmoid colon.  Chronicity of such actions can exasperate 
the situation, thus requiring a laparotomy.  (Internet Scientific Publication) (Wiki)

Traumatic Appendicitis: There is a concept of “traumatic appendicitis” that has been 
described in the older literature.  Normally the appendix is very mobile hence, it is 
difficult to injure by blunt force trauma (Fig. 130).  However, severe, wide destructive 
force applied to the abdomen can injure the appendix, although in the context of the 
other existing intra-abdominal injuries, it is insignificant.
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Fig. 130.  This is an illustration of the appendix which appears as a narrow fingerlike 
pouch, extending from the cecum in the right lower quadrant of the abdomen.  The 
junction of the appendix with the cecum occurs at the level of the ileocecal junction.  
(Buzzle.com) (Wiki)

There have, however, been reported cases of appendiceal inflammation following blunt 
force trauma to the abdomen.  Three mechanisms have been described to account for 
“traumatic appendicitis”: (1) the appendix is crushed between the anterior abdominal 
wall and the pelvic bones causing mucosal lacerations or contusions, thus allowing the 
entry of luminal bacteria into the wall of the appendix; (2) the compressive force causes 
displacement of the cecal contents into the appendix with such force as to cause either 
an incomplete or complete perforation; and (3) the appendix is lacerated thus, there is 
an interference with its blood supply, which predisposes to necrosis and infections or 
the appendix itself, or a portion of it, has been completely severed.  In 1975 Geer et al. 
published an article “Trauma to the appendix. A report of two cases.  Their review of the 
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English literature up to that period contained only two other cases.  Geer ʻs et al. two 
cases included a penetrating missile wound of the abdomen, which caused a tangental 
laceration of the appendix and the other was an avulsion of the appendix from the 
mesoappendix due to blunt abdominal trauma.
There is also a belief that a blow to the right lower abdominal quadrant is more likely to 
cause injury to an already diseases appendix than a normal one.  Even mild trauma 
may cause rupture of an already inflamed appendix, may rupture a walled off 
preiappendiceal abscess or periappendiceal fibrinous adhesions leading to peritonitis, 
and may cause a perforation at the site of an existing ulcer.
Bissel in 1928 reported on the increased vulnerability of an appendix to rupture due to 
the presence of an existing fecalith.
H. Liver: Of the intra-abdominal organs injured by blunt force trauma in adults, the
liver, although the most vulnerable abdominal organ to traumatic injury because of its 
size and location (right upper abdominal quadrant), it is the second most frequently 
injured abdominal organ following the spleen.  However, in the pediatric age group, the 
liver is the most common intra-abdominal organ injured by blunt force trauma.  Hepatic 
rupture is associated with a mortality between 25 to 47% in some of the literature.
The most common cause of liver injury is due to motor vehicular accidents, either from 
impact of the driver on the rim or center of the steering wheel or by an unrestrained 
passenger being thrown against the dashboard.  Pedestrian being struck by a motor 
vehicle is another common cause, the rupture occurring either as the result of the initial 
impact or due to the pedestrianʼs impact with the ground (Fig. 131).

163



Fig. 131.  Multiple lacerations of the liver of varying severity in a pedestrian struck by a 
vehicle.  (med.xjtu.edu.on) (Wiki)

Injuries can also be produced by kicks, blows, or falling.  The liver can also be injured 
as the result of occupational accidents in which the victim is crushed against a wall or 
between two colliding objects.  Over the past several decades there have been reports 
of the liver being injured during aggressive external cardiac message.  Such injuries can 
present the forensic pathologist with difficulty in attempting to differentiate injuries 
occurring during the final moments of a person life (antemortem) from those occurring 
after death (postmortem).  Remember, postmortem injuries can cause a significant 
quantity of blood, in some cases a much as 450 cc to accumulate in the peritoneal 
space (intra-abdominal).
The right lobe of the liver is injured as much as five times as frequently as the left with 
the injuries occurring on the convex surface more frequently than the concave surface.  
However, some in the literature report they occur with equal frequency.
Preexisting liver disease often increase the friability of the liver thus, predisposing it to 
injury even from relatively minor degrees of blunt trauma (Fig. 132).  
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Fig. 132.  This is an illustration of a Hydatid cyst (Taenia Echinococcus) caused by the 
larvae of the dog tapeworm involving the right lobe of the liver.  The disease is 
characterized by the development of Echinococcus cyst that sometimes reaches a 
diameter of 25 cm or more.  Man, cattle, sheep, hogs and other mammals are the usual 
intermediate hosts of the dog tapeworm.  In man over 50% of these cysts are found in 
the liver and most frequently the right lobe.  The other sites of localization in decreasing 
order of frequency are the lungs, bones and brain.  (Doctor tipster) (Wiki)   

Fatty infiltration of the liver due to alcohol abuse and nonalcoholic liver disease, such as 
that associated with diabetes and obesity, can lead to increase friability of the liver as 
well as impairment of the coagulability of blood (Figs. 133,134 & 135). 
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Fig. 133.  This is the appearance of a normal liver.  Note the red-brown color.  (Wiki)
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Fig. 134.  The above is a liver with diffuse involvement with fat (Fatty Liver).  Note the 
diffuse yellow-orange-brown color in contradistinction to the normal liver in Fig. 133.  
Also note the rounding of the margins as compared to the normal liver.  This is due to 
the diffuse enlargement of the liver caused by widespread fatty infiltration.  
(Naturopathic MED) (Wiki) 

Fig. 135.  The above photomicrographs are of a normal liver and a liver with diffuse fatty 
infiltrative changes.  The majority of the liver cells contain single large fat vacuoles.  
(Wiki)

Abscesses and both primary and metastatic cancer of the liver increase its size and 
friability (Fig. 136).
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Fig. 136.  This is a gross section through the liver showing an abscess that formed as 
the result of an infection with amebiasis (Entamoeba histolytica). Histologic examination 
of the pus in the lumen and wall of the abscess usually reveals Entamoeba histolytica.  
These abscesses can spread into the subdiaphragmatic space, lungs and brain.  (Wiki)

  I
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Fig. 137.  The above photograph is of a surgically removed portion of the liver due to a 
benign tumor, hepatic adenoma (liver cell adenoma).  This particular adenoma was 
believed to have formed due to anabolic androgenic steroid abuse in a weight lifter to 
increase muscle mass and strength.  (U.S.A Powerlifting) (Wiki)

Individuals who have just consumed a meal are more susceptible to hepatic injury, even 
from minor trauma, due to postprandial hyperemia (acute congestion) of the liver.
Traumatic Injuries of the Liver: Trauma to the liver may result in subcapsular or 
intrahepatic hematomas, contusions, vascular injury, or biliary disruption, which will be 
further described under traumatic injuries to the gallbladder (Figs. 138 & 139).  

Fig. 138.  This is an example of subcapsular hematomas consistent with a Grade 4 
lesion.  The superior (diaphragmatic) surface of he right lobe of the liver shows a 
subcapsular hematoma with a traumatic laceration.  The left lobe shows only a 
subcapsular hematoma consistent with Grade 3.  (Image Contrib. by: UCHC) (Wiki)
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Fig. 139.  This is an abdominal computerized tomography of a large intrahepatic 
hematoma measuring 19 x 12 x 5 cm.  (Journal of Clinical Medicine Research, vol. 3, no 
5, Oct 2011) (Wiki)

The degree of liver injury is classified from a clinical perspective according to the liver 
injury scale of the American Association for the Surgery of Trauma: 
Grade 1: Subcapsular hematoma less than 1 cm in maximal thickness, capsular 
avulsion, superficial parenchymal laceration less than 1 cm deep, and isolated periportal 
blood tracking.
Grade 2: Parenchymal laceration 1-3 cm deep and parenchymal/subcapsular 
hematoma 1-3 cm thick.
Grade 3: Parenchymal laceration more than 3 cm deep and parenchymal or 
subcapsular hematoma more than 3 cm in diameter (Fig. 138, left lobe)
Grade 4: Parenchymal/subcapsular hematoma more than 10 cm in diameter, lobar 
destruction, or devascularization (Fig. 138, right lobe).
Grade 5: Global destruction or devascularization of the liver (Fig. 91, p 116).
Grade 6: Hepatic avulsion.
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From a forensic pathologist standpoint a more pragmatic classification was published by 
Moritz in 1942 who described six different types of hepatic lacerations: (1) transcapsular 
laceration immediately beneath the site of the external impact; (2) subcapsular 
laceration immediately beneath the site of external impact; (3) non-communicating 
central laceration; (4) coronal laceration due to distortion; (5) laceration of the inferior 
surface due to distortion; and, (6) contrecoup injury.  
Vincent and Dominick DiMaio have perhaps the simplest and most pragmatic 
classification for liver lacerations.  They classify liver lacerations as transcapsular, in 
which both the capsule and parenchyma are lacerated, and subcapsular, in which the 
capsule is still intact and the injury is either beneath an intact capsule or is 
intraparenchymal.
Trying to judge the size of the hepatic injury from the size of the contusion on the skin is 
fraught with error.  Even though the area of the skin contusion is small, one or more ribs 
may have been fractured, with the fractured ends being driven into the liver producing 
lacerations.  If the blunt force is substantive and focal, such as that produced by a kick 
or fist, the liver will be driven posteriorly, not only crushing it against the lumbar 
vertebrae, and producing a transcapsular laceration at the junction between the right 
and left lobes of the liver, but driving the fractured ends of the rib or ribs deep into the 
convex (diaphragmatic) surface.  If the force is severe enough, the transcapsular 
laceration at the junction of the right and left lobes of the liver may be so deep as to 
cause the left lobe to be completely amputated from the right.  Not uncommonly, such 
an injury is rapidly fatal, however, there are case reports of spontaneous clotting with 
complete recovery.  One of the earliest such case was reported by Chiari in 1908, in 
which there was a full recovery following a complete traumatic amputation of the left 
lobe of the liver due to a crushing injury.  Typically, bleeding from hepatic lacerations 
may be slow and several hours may elapse before hypovolemic shock occurs 
secondary to the blood loss.  Occasionally, the same force that has the potential to 
produce a complete traumatic amputation may not lacerate the capsule, but due to the 
combination of the anterior-posterior compression, as well as side-to-side compression 
of the liver parenchyma, a substantive intraparenchymal laceration may be produced 
causing up to a loss of 1000 cc of blood within the liver.
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Blunt force trauma delivered to the anterior abdominal wall, especially if it is delivered 
somewhat tangentially, may cause the capsule to separate from the underlying liver 
parenchyma, thus leading to substantive subcapsular hematoma.  In a case reported by  
Hitzrot in 1917, 2460 cc of blood was aspirated from such a subcapsular hematoma.  
Another important point to remember about subcapsular liver hematomas is they may 
not rupture for several days following the infliction of the blunt force trauma.
The primary direction of the applied force also influences where the lacerations will 
occur.  For example, if the force is directed upward, you may see the lacerations on the 
inferior surface of the liver, if however the force comes from above and downward, 
going somewhat in a posterior direction, the lacerations will appear on the 
subdiaphragmatic dome (superior) surface of the liver.  If the force is applied in a virtual 
straight line, anterior to posterior, especially along its anterior margin you will see 
lacerations on both the convex and concave surfaces (DiMaio).
How much force is required to cause injury?  E. Thurman Mays addressed this issue in 
an article published in the Archives of Surgery in 1961.  Maysʼs statement, “When a 
sudden, severe force is applied to a fluid filled, sinusoidal, encapsulated mass, such as 
the liver, the force is dissipated as hydrokinetic energy and to a certain extent is 
governed by Pascalʼs principal, i.e., it is transmitted in all directions and acts with the 
same force on all equal surfaces,” lays the foundation for the underlying mechanism of 
blunt force liver injury.  In some respects, it is analogous to the injuries inflicted on a 
victim of an under water explosion (p 148).  Mays found that an energy level of 27 to 34 
ft-lb, was sufficient to cause lacerations of the capsule.  An energy level of 106 to 134 ft-
lb caused deep lacerations into the underlying parenchyma.  When the energy level was 
increased to 285 to 360 ft-lb there was pulpefaction of the liver and bursting 
accompanied by vascular disruption and disruption of the bile ducts and portal vein.
The liver may also be injured during rapid deceleration.  In this case, injury is typically at 
points of attachment and is caused by stretching the ligaments or blood vessels beyond 
their tensile strength.  
Liver injury can also occur from impacts at remote body regions.  Stein et al. reported in 
1983 that blunt cardiac impacts to anesthetized canine subjects resulted in hepatic 
congestion in 100% of the dogs and hepatic lacerations in 18%.  Subcapsular splenic 
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hematomas was seen in 44%.  The mechanism of these remote site injuries was 
believed to be “extraordinarily high venous pressure” that developed at the moment of 
impact.
There is an entity, although rare, which is well recognized and is referred to as 
spontaneous hepatic (liver) rupture.  It typically occurs during pregnancy, with the 
majority of cases associated with pregnancy-induced-hypertension. However, it has also 
been associated with other pathological processes of the liver, such as primary and 
metastatic liver neoplasms, polyarteritis nodosa, connective tissue disorders, 
hypereosinophilic syndrome, fatty degeneration, syphilis, tuberculosis, and malaria.  
Very rarely it can occur with no underlying liver pathology as shown by two such cases 
reported by Klein and Shapiro in 2011.  The association with pregnancy was first 
reported by Abercomie in 1844.  In 1943, Rademaker reviewed the 29 cases of 
spontaneous rupture of the liver reported since 1829, and added one case complicating 
pregnancy.  In 1917, Klotz published a case of spontaneous rupture due to periarteritis 
nodosa, and again in 1959, Dzwonczyk et al. published a case of spontaneous rupture 
secondary to the same disease. To date there have been over 100 cases reported in the 
literature.
According to Mascarenhas et al. 80% of these cases of hepatic rupture, which occur 
during pregnancy, do so in multiparous patients with an average age more than 30 
years.  They identified HELLP, which is an abbreviation of the three main features of the 
syndrome, hemolysis, elevated liver enzymes  and low platelet count, as one of the risk 
factors.  The HELLP syndrome is a life-threatening obstetric complication considered to 
be a variant or complication of pre-eclampsia occurring typically during the third 
trimester of pregnancy, although some cases have been reported as early as the 23rd 
week of pregnancy.  However, up to 8% of these cases occur after delivery.  The hepatic 
rupture affects the right side of the liver in 75%, left side in 11% and both sides in 14% 
of these cases.
Complications of blunt force traumatic injuries to the liver: Blunt force liver trauma 
leading to the development of an intraperitoneal biliary fistula can ultimately lead to 
peritonitis.  Although bile, per se, is considered sterile, its continuous discharge into the 
peritoneal space will eventually lead to pathogenic bacteria gaining entrance to the 
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peritoneal cavity.  It has also been demonstrated that bile in-of-itself is toxic, causing 
choleperitonitis (bile peritonitis), which if not addressed surgically, is fatal.  Dogs and 
guinea pigs have been killed within twenty-four hours with the introduction of 5cc of bile 
per kilogram of body weight into the peritoneal cavity. 
Injuries of the liver can lead to the development of pulmonary fat emboli.  If the blunt 
traumatic injuries are severe, fragments of the liver parenchyma may enter the heart 
and into the pulmonary circulation and possibly the systemic circulation.
Lastly, intrahepatic abscess can arise from intrahepatic hematomas.  
Pediatric Injuries: Common abdominal injuries in abused children are liver lacerations, 
duodenal hematomas, and pancreatic lacerations (Fig. 140).  

Fig. 140.  This is an illustration of the three common abdominal injuries seen in abused 
children, liver laceration, duodenal hematoma, and pancreatic laceration.  (Diagnostic 
Imaging in Child Abuse Non Accidental Trauma, by Simon Robben, Radiology 
Department of the Maastricht University Hospital in the Netherlands) (Wiki)

The solid abdominal organ most commonly injured in non-accidental trauma of a child is 
the liver.  The diagnosis and management of liver injuries in children are important 
because blunt liver trauma is thought to be responsible for the greatest number of 
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fatalities in which abdominal trauma is the primary cause of death.  Lacerations of the 
liver in a child can cause hemoperitoneum, which if it occurs, is followed by death due to 
hypovolemic shock.  What is of interest is that in contradistinction to perforations of the 
small bowel, blunt force liver injury in a child can be quickly followed by shock.  Also, it 
is not uncommon for blunt force non-accidental trauma of the liver in a child to show 
severe, multiple, stellate lacerations, more severe than those acquired in motor 
vehicular accidents.  Thus, pediatric patients with massive disruption and profound 
bleeding with hemoperitoneum, require not only aggressive fluid and blood transfusion, 
but also need immediate surgical evaluation for any chance of survival Fig. 141).

Fig. 141.  This is an abdominal computerized tomography showing a liver laceration 
identified by the yellow arrow in a case of child abuse.  (Diagnostic Imagine in Child 
Abuse Non Accidental Trauma, by Simon Robben, Radiology Department of the 
Maastricht University Hospital in the Netherlands) (Wiki)

On occasion, the Forensic Pathologist will be faced by Defense Councilʼs claim that the 
liver lacerations were the result of cardiopulmonary resuscitation.  However, liver 
lacerations caused by cardiopulmonary resuscitation in a child are rare as shown by 
Bush et al. There is one area of exception, and that is newborns delivered by a cephalic 
presentation.  In such newborns, subcapsular hematomas have been reported during 
attempts at resuscitation.
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Newborn Injuries: In the newborn, the mildest type of hepatic trauma is the 
subcapsular hematoma, which typically results from pressure exerted on the liver during 
delivery of the head in a breech delivery.  Trauma during delivery is especially common 
in vaginally delivered premature and post-mature infants.  Not uncommonly, no 
symptoms are produced as long as the capsule remains intact.  However, handling of 
the infant during bathing, feeding, or examination may cause the subcapsular 
hematoma to rupture leading to exsanguination from intraperitoneal hemorrhage.  
Having said the above, should a newborn die for other reasons, the finding of small 
subcapsular hematomas cannot be used as a cause of death. 
Large lacerations or rupture (bursting) of the liver in the newborn is uncommon; 
however, if it is discovered it is usually associated with splenic rupture and raises the 
suspicion of non-accidental trauma (Goodman JM and Sokol DM, et al.).
Stillborn Injuries: It has been known for some time that injury to the abdominal viscera 
may cause stillbirths.  In two series of cases, one by Lundquist, published in 1930 and a 
second by Henderson, published in 1941, the liver was the site of intra-abdominal 
hemorrhage in 39% of Lundquistʼs cases and 32% in Hendersonʼs cases.  It is believed 
that hepatic hemorrhage is either the direct cause or plays a significant role in 1.2 to 
5.6% of stillbirth and neonate deaths.  
The neonatal period is defined as less than 28 days of life.  This period can be further 
subdivided into period 1, birth to less than 24 hours; period 2, 24 hours to less than 7 
days; and period 3, 7 days to less than 28 days.  The perinatal period is defined as the 
period extending from the 28th week of gestation through the 7th day after birth (some 
define this period as the 20th week of gestation to the 7th day and others the 20th week 
of gestation to the 28th day after birth).
Penetrating Injuries: Stab and missile wounds are the most common types of 
penetrating trauma of the liver, with the entrance site either being the abdomen or chest; 
the former being the more common.  One of the earliest thorough reports addressing 
penetrating wounds produced by stab and missile wounds was that of Thöle in 1912.  
Thöleʼs series consisted of 200 missile and 290 stab wounds.  He recorded that the 
death rate was twice as high in the former as it was in the latter.  This was in part 
because in approximately three-fourths of all stab wounds, the liver was the only viscus 
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injured, whereas in less than one-half of the missile wounds were the visceral injuries 
confined to the liver.  Madding et al. reported on 829 war wounds occurring during 
World War II.  They showed that only 62% involved the liver alone and in slightly more 
than half of them the injuries were thoraco-abdominal.  Saizanoa, et al. wrote an article 
“Liver trauma due to penetrating lesions: miscellanea, personal case series, clinical and 
CT findings,” published in 2000 in which over a space of seven years they reviewed 31 
cases of penetrating liver trauma.  Penetrating liver wounds were caused by firearms in 
70% of cases, by stabbing in 12% and in the extant 18%, by other causes, such as 
home accidents, road and work trauma, and liver biopsy.  In this series, the liver was the 
most frequently involved solid abdominal organ by missiles, with the most frequent 
injury being liver tears (lacerations due to wound tracks).  Of these 16 cases, the missile 
was found in the liver in 6 cases.  In this series, penetrating wounds to the liver and 
abdomen were less frequent than the chest.
What is interesting to keep in mind is that not all penetrating injuries to the abdomen 
require surgical exploration.  In an article written by the surgeons at the University of 
California Los Angeles, 28% of patients with penetrating injuries to the abdomen were 
managed non-operatively.  Most of these injuries were due to stab wounds or low-
velocity gunshot wounds.  Most of these injuries involved the liver only.  What is 
important to note in all of these non-operative managed cases is none had a hollow 
viscus injury, including the gallbladder.  Also, all of these patients were 
hemodynamically stable.
High-velocity gunshot wounds are however a totally different issue.  Such missiles travel 
well above 2000 feet per second, ranging from 2400 to as much as 4000 feet per 
second.  In contradistinction, low-velocity missiles travel in the range of 650 to 1400 feet 
per second, however, there are two exceptions, the .357 magnum and .44 magnum 
missiles typically travel at 1410 and 1470 feet per second respectively.  To put this in 
some pragmatic perspective, sound in air travels at 1100 feet per second and in water 
at 4800 feet per second.  Fragments from an exploding shell or a bomb travel at rates 
between 9000 and 24,000 feet per second.  High-velocity missiles need not penetrate 
the anterior abdominal wall and enter the abdominal cavity to cause devastating injury 
to not only the liver, but all solid and hollow abdominal viscus.  The high-velocity missile 
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need only pass through the subcutaneous or muscle tissue of the anterior abdominal 
wall to cause devastating injury.  Remember, the cone of kinetic energy generated by a 
missile is related to the square of its velocity.  For example, a lethal subdural 
hemorrhage may be produced by a high-velocity missile grazing the scalp without 
penetrating the calvarium.  High-velocity missile injuries to the liver can be explosive, 
often fragmenting an entire lobe.  It is not that the missile explodes, it is the release of 
the kinetic energy into the tissues, which create the explosive-like effect.  What is 
essential to the degree of the destructive effect of a high-velocity missile is how much of 
its kinetic energy is released into the tissues.  This is in part determined by the missile 
either tumbling or fragmenting.  Complete fragmentation results in the most destructive 
effect ( Figs. 142 & 143).  
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Fig. 142.  The above picture is that of a slab of beef shoot with a 55 grain Winchester 
range ammo, which left a small exit wound and little tissue damage. There was no 
fragmentation of the missile. (SniperCentra-L. E. Ammo Penetration Testing) (Wiki)

Fig. 143.  This is a slab of beef hit by a hand load with Benchmark powder, and the 
Hornady 52 grain Amax projectile shot from a .223.  This slab of beef was originally 24 x 
12 x 6 inches before impact.  The devastation shown in this exit wound was due to the 
complete fragmentation of the missile.  Thus, all kinetic energy of the missile was 
released into the tissues.  (SniperCentra-L. E. Ammo Penetration Testing) (Wiki) 

Hemorrhage and shock are the major complications of such injuries.  In 
contradistinction, low-velocity missile injuries of the liver, even when they are 
responsible for an extensive wound, often bleed slowly.  This is due to a number of 
factors.  Most of the arteries in the liver are small.  Also, a complete perforation of the 
liver by a low-velocity missile may not involve any arteries of significant size.  In 
addition, the blood pressure within the veins and sinusoids is low and the large venous 
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channels are deep within the parenchyma of the liver.  However, one of the things you 
need to keep in mind is that penetrating wounds of the liver, especially those produced 
by low-velocity missiles, can cause infarction around the wound track, which can lead to 
destruction of a substantial part of the lobe of the liver, which should the patient survive, 
can lead to prominent fibrosis (scar formation).
Following hemorrhage and shock, the next most important complication of penetrating 
wounds of the liver is peritonitis.  This is especially true in missile injuries that involve 
more than one intra-abdominal organ.  In the Madding et al. series, the mortality rate 
was proportional to the number of organs involved, varying from 9.7% if the liver is 
involved alone, to 84.4% when four or more organs are involved.  Their overall mortality 
rate was 27.9%.
I. Traumatic Injuries to the Gallbladder and Bile Ducts: The gallbladder is rarely 
traumatically injured in the adult.  This is due to its significant anatomic protection.  It is 
partially embedded in the visceral surface of the right lobe of the liver within the 
gallbladder fossa (Fig. 43, p 56).  It is also cushioned by the surrounding omentum and 
intestines, as well as being protected by the overlying right bony cartilaginous rib cage.  
However, although well protected, it is not completely immune from blunt force injury.  A 
forceful blow or rapid shearing acceleration-deceleration force to either a normal or 
diseased gallbladder, directed over the lower anterior margin of the right lobe of the 
liver, in which the force is directed backward and upward, may completely avulse the 
gallbladder from its hepatic bed (Figs. 144 & 145), cause a laceration of its wall, partial 
or through-and-through or rupture it by hydraulic force.  
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Fig. 144.  The above is a Helical CT depicting an avulsed gallbladder (arrow) located 
inferior to its fossa, surrounded by hemoperitoneum.  The enhancement of the 
gallbladder wall indicates the cystic artery is intact.  (Helical CT in Emergency 
Radiology: November 1999, Radiology, 213, 321-339) (Wiki)
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Fig. 145. This is a coronal reformation of the CT shown in Fig. 144, confirming the 
traumatic avulsion of the gallbladder (white arrow) from the gallbladder fossa (black 
arrows).  (Helical CT in Emergency Radiology: November 1999, Radiology, 213, 
321-339) (Wiki) 

Before the widespread use of motor vehicles, the most common causes of traumatic 
injuries to the gallbladder were falls, kicks or forceful blows (Fig. 146).  However, over 
the past several decades, motor vehicular accidents are the most common cause.
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Fig. 146.  This is a CT of a 60 year old man with a traumatic gallbladder injury.  
Increased amount of dense fluid is seen within the gallbladder lumen on delayed 
images.  (CT Diagnosis of Traumatic Gallbladder Injury: Aaron Wittenburg and Anthony 
J. Minotti, AJR, December 2005, vol 185, no. 6, 1573-1574) (Wiki)

As is true of the liver, gallbladder disease may enhance rupture due to blunt force 
trauma.  Although, obstructive cholecystitis (Figs. 147, 148 & 149), ulceration of the 
gallbladder by an impacted calculus, infarction, and tumor are common causes of 
spontaneous rupture, it is believed by some, that only infarction and tumor are likely to 
cause rupture in circumstances in which trauma is considered the underlying cause for 
the rupture.  
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Fig. 147.  This is an illustration showing distention of the gallbladder due to calculi.  
(ungthutuimat.com) (Wiki)
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Fig. 148.  The above is related to a 60 year old man who presented to the emergency 
department with a history of generalized abdominal pain for 5 days.  An emergency 
laparotomy showed 2000 cc of billous fluid in the peritoneal cavity along with multiple 
small gallstones free in the peritoneal cavity.  The gallbladder was acutely inflamed with 
a markedly thickened wall that had perforated through the hepatic parenchyma.
This picture shows an inflamed gallbladder (black arrow), the liver (white arrow), 
perforation in the liver (black arrowhead), and a gallstone lying adjacent to the 
perforation (white arrowhead).  (Transhepatic perforation of the gallbladder-a rare 
complication of a common disease: JSCR, May 2010, 3:4) (Wiki) 
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Fig. 149.  This is the excised gallbladder specimen showing the perforation (black 
arrow) and the cystic duct opening (white arrow).  Note also the three free gallstones.  
(Transhepatic perforation of the gallbladder-a rare complication of a common disease: 
JSCR, May 2010, 3:4) (Wiki)

One of the causes of infarction of the gallbladder is thrombosis of the cystic artery 
secondary to vascular disease or to compression by a calculus impacted in the ampulla.  
One of the first reports of this was by Rusk et al. in 1938.
There are three fundamental injuries to the gallbladder from blunt force trauma: 
contusions, avulsions, and a laceration (traumatic rupture or perforation).  The most 
common reported traumatic injury to the gallbladder is the laceration.  Avulsion injuries 
are the second most commonly reported traumatic injury.  The gallbladder may be 
partially or completely torn from its bed, however, it may still maintain an attachment to 
the biliary tree.  A complete avulsion of the gallbladder including separation from the 
common bile duct is referred to as “traumatic cholecystectomy.”  Contusions probably 
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occur more frequently than thought.  The difficulty with contusions is due to their lack of 
acute signs and symptoms.  Some believe that contusions can lead to delayed rupture 
of the gallbladder wall.  However, others suggest that delayed rupture of the gallbladder 
(2 days to 3 weeks) may occur following a small unrecognized perforation, which is 
sealed off by the adjacent omentum and intestine.
Rupture of a normal gallbladder is most commonly due to direct blows to the abdomen.  
Smith and Soderberg published an article “Traumatic rupture of the gallbladder” in 1964 
in which they defined three mechanisms of such a rupture.  First, a thin-walled normal 
gallbladder is more prone to rupture due to blunt trauma than a diseased gallbladder.  
This concept was originally reported by Brickley et al. in 1960.  This is consistent with 
Rusk, et al. article published in 1938.  It appears the fibrotic, thickened wall of the 
chronic inflamed gallbladder probably makes it less prone to rupture.  The second 
predisposing factor to rupture is the degree of filling of the gallbladder at the time of the 
trauma.  As has been pointed out with the stomach and intestines, hollow viscera are 
more prone to rupture when distended and traumatized (Fig. 150).  The trauma induces 
a rapid increase in external pressure, which causes an increase in intra-luminal 
hydraulic pressure, which leads to rupture of the hollow viscus walls.  In keeping with 
this concept, as well as the ease of rupture of the postprandial hyperemic (acutely 
congested) liver, Schechter, Knepper et al. and Norgore noticed the postprandially 
distended gallbladder is more prone to rupture.  The third factor, which enhances the 
likely hood of gallbladder rupture is alcohol ingestion, which increases the sphincter 
tone at the choledochoduodenal junction.  This increase in tone contributes to 
gallbladder distention, as well as decreasing the ability of the bile ducts to vent the 
increased pressure within the lumen of the gallbladder.
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Fig. 150.  This is an example of an acutely distended gallbladder due to acute 
cholecystitis due to cystic duct obstruction by stones (calculi) with secondary bacterial 
invasion, which accounts for 80% of cases of acute cholecystitis.  However, acute 
cholecystitis can also occur without stones-a condition known as acalculous 
cholecystitis (10-20%), which can progress rapidly to gangrene and sepsis. 
(strokeprognosis.info) (Wiki)

Concerning avulsion injuries of the gallbladder, which has been previously discussed, it 
appears rapid shearing acceleration-deceleration forces can lead to partial or complete 
separation of the gallbladder from its hepatic bed.  It has also been theorized, that the 
distended gallbladder is not only more prone to rupture, but is also more prone to 
avulsion due to its greater mass when filled with bile.
There is another lesion of the gallbladder, which is often picked up by CT scan and that 
is an “intramural hematoma.”  It has been suggested by Schechter in his article “Solitary  
wounding of the gallbladder from blunt abdominal trauma,” published in 1969, that such 
a lesion can cause necrosis of the gallbladder wall followed by perforation.
Besides contusions, avulsions, ruptures and intramural hematomas, the gallbladder 
may develop “traumatic cholecystitis,” following trauma to the gallbladder.  The 
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underlying mechanism appears to be the collection of blood within the lumen of the 
gallbladder, perhaps secondary to a ruptured intramural hematoma (Fig. 151).

Fig. 151.  This picture shows an intramural clot projecting into the lumen of the 
gallbladder.  (Internet Scientific Publications) (Wiki)

Traumatic cholecystitis may also come about from traumatic liver injury, which leads to 
blood and bile (hemobilia) coagulating within the biliary tree, ultimately leading to 
blockage of the cystic duct, which in turn leads to acute cholecystitis.  What is also of 
interest is patients subjected to blunt force trauma or a surgical procedure unrelated to 
trauma, may develop “acute acalculous cholecystitis” even though the gallbladder has 
not been injured.
Although it is well accepted that leakage of bile into the peritoneal cavity, following 
perforation of the gallbladder or rupture or the biliary tree, can lead to a chemical 
peritonitis, such a peritonitis may arise in a traumatized gallbladder without perforation.  
The underlying mechanism is believed to be a mucosal laceration, which allows bile to 
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passively pass through the remaining gallbladder wall.  It has been theorized, that for 
bile to remain within the gallbladder lumen the mucosa must be intact.
Traumatic rupture of the gallbladder occurs twice as frequently as rupture of the 
extrahepatic bile ducts.
Pediatric Injuries: Blunt force traumatic injury to the gallbladder is rare in children as it 
is in adults.  However, although rare, in both children and adults, it is said to be more 
common in children and young adults, which is believed to be due to the greater 
compressibility of their rib cage.  CT findings of gallbladder injury include pericholecystic 
fluid, thickening or interruption of the gallbladder wall, an enhancing mucosal flap within 
the gallbladder lumen, high-attenuation intra-luminal clot, perforation, and avulsion, 
partial or complete.  Pericholecystic fluid and a collapsed gallbladder lumen are 
nonspecific findings, but should raise concern for gallbladder trauma, most especially if 
associated with the other CT signs of gallbladder injury.  
Traumatic rupture of the common bile duct is more likely to occur in children than adults.  
The underlying mechanism for this is due to the fact the liver in the child is more readily 
displaced upward than that of the adult, thus leading to great stress on the common bile 
duct.  Vance in his article “Subcutaneous Injuries of the Abdominal Viscera,” published 
in 1928, was one of the earliest to report on this phenomenon.
Traumatic injuries to the extrahepatic or intrahepatic biliary tree are usually associated 
with hepatic parenchymal laceration.  It occurs in two primary forms: biloma formation 
and hemobilia.  Biloma is an encapsulated collection of bile in the peritoneal cavity or 
within the subcapsular region of the liver.  As previously indicated hemobilia is a 
coagulated fluid collection within the lumen of the gallbladder.  A late sequalla of bile 
duct injury is biliary stricture formation. 
J. Traumatic Injuries of the Spleen: Although the spleen is well protected
anatomically, being protected by the left ninth, tenth, and eleventh ribs in the left upper 
abdominal quadrant, it is frequently injured by blunt force trauma.  Traub et al. published 
an article in 1981, “Injuries associated with splenic trauma,” in which he stated, the 
spleen is the organ most frequently injured following blunt abdominal or left lower chest 
trauma.  This echoed Wright et al. article published in 1947 and Roettig et al. article 
published in 1943, that the spleen is probably the more frequently injured abdominal 
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organ in civilian casualties.  In an article entitled “Abdominal Trauma” published in 
Wikipedia by Emergency Medicines for Medical Emergencies, they also state the most 
commonly injured organ in blunt trauma is the spleen.  However, more recently, Vincent 
and Dominick DiMaio in their book “Forensic Pathology,” published in 2001, state the 
spleen is not as frequently injured as the liver. 
The susceptibility of the spleen is due to the fact it is a soft lymphatic organ, which has a 
weak supporting structure, the thinness of its capsule and the marked friability of its 
pulp, most especially when it becomes congested or hyperplastic. 
Mechanisms of Injury: There are two classic mechanisms of injury to the spleen, 
which include a blow to the left upper abdomen that strikes the spleen directly, and 
indirect trauma caused by rapid deceleration of the body and large displacement of the 
spleen relative to its points of attachment.  The former mechanism would be associated 
with deep lacerations and parenchymal disruption probably by a crushing mechanism in 
low velocity impacts.  The latter would be associate with tears at the pedicle or hilar 
regions of the spleen during deceleration.
Although, the normal spleen has been reported to undergo spontaneous rupture, such 
as reported by Susman in 1927, Zuckerman and Jacobi in 1937, and Coleman in 1939, 
many do not believe a normal spleen will spontaneously rupture.  Typical spontaneous 
rupture occurs in any condition that causes splenomegaly, whether that be due to 
simple reticuloendothelial hyperplasia due to conditions such as Thalassemia 
syndromes, which are a group of inherited autosomal recessive disorders which 
originated in the Mediterranean region; immune hyperplasia in response to systemic 
infection, such as occurs in infectious mononucleosis (Figs 152 & 153) and malaria 
(Figs. 154, 155 & 156); immunologic diseases, such as thrombocytopenia; passive 
conditions due to decreased blood flow from the spleen in conditions that produce portal 
hypertension, such as cirrhosis, Budd-Chiari syndrome and congestive heart failure; 
and infiltrative diseases, such as lymphomas, chronic myelogenous leukemia, chronic 
lymphocytic leukemia (Fig. 157) and polycythemia vera.  
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Fig. 152.  Splenomegally due to infectious mononucleosis.  (sugrical.tutor.org.uk) (Wiki)
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Fig. 153.  The above is a normal spleen in an adult which measures approximately 1 x 3 
x 5 inches and usually weighs between 150 grams (5.3 oz) and 200 grams (7.1 oz).  
(Wiki)

Fig. 154.  This is a spleen that was removed from a 25 year old male who presented to 
the emergency department with an 8 day history of moderate to high grade fever with 
chills and rigor.  He complained of a one day history of generalized abdominal pain and 
abdominal distention.
SMP was positive for falciparum malaria.
Abdominal ultrasound showed hepatosplenomegaly.  The spleen was enlarged 14 cm 
below the costal margin.
A laparotomy evacuated 2000 cc of blood from the peritoneal cavity.  A splenectomy 
was performed because the spleen had substantive stripping of its capsule along the 
diaphragmatic surface accompanied by a large coagulated subcapsular hematoma and 
multiple tears of the capsule on its visceral surface.
The above figure shows the stripping of the capsule on its diaphragmatic surface.  
(Internet Scientific Publications, Spontaneous rupture of a malarial spleen-A case report 
and review of the literature.  Internet Journal of Surgery. 2010 vol 23 no 2) (Wiki)
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Fig. 155.  The large subcapsular clot is seen of the left.  It is virtually the same size as 
the spleen.  (Internet Scientific Publications, Spontaneous rupture of a malarial spleen-
A case report and review of the literature, Internet Journal of Surgery. 2010 vol 23 no 2) 
(Wiki)

Fig. 156.  This is the visceral surface of the spleen with the multiple tears and rupture.  
(Internet Scientific Publications, Spontaneous rupture of a malarial spleen-A case report 
and review of the literature, Internet Journal of Surgery. 2010 vol 23 no 2) (Wiki)
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Fig. 157.  CT scan showing splenomegally, right side of image as you are looking at it, 
due to chronic lymphoid leukemia.  (Wiki)

Remember, not only can these conditions lead to spontaneous rupture, but they can 
also lead to rupture of the spleen following mild blunt force trauma to the left upper 
abdominal quadrant.  One of the important things to keep in mind when evaluating blunt 
force traumatic injuries of the spleen is splenic rupture due to cardiopulmonary 
resuscitation is extremely uncommon.  This may be a defense use by a Criminal 
Defense Attorney.
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There is another, albeit rare condition, which can lead to prominent passive congestion 
of the spleen and that is susceptibility of the splenic pedicle (hilum) to undergo 
spontaneous torsion or kinking.  This is more likely to occur when the pancreas is 
located within the intra-abdominal space rather than its normal retroperitoneal position.  
It may also occur if the splenorenal (lienophrenic or lienorenal) ligament is absent or 
rudimentary.  This ligament occurs where the wall of the general peritoneum meets the 
omental bursa of the left kidney and spleen.  The splenic artery and vein pass between 
its two layers. The resulting extremely congested spleen can undergo either 
spontaneous rupture or rupture following minimal abdominal trauma.  Such minimal 
trauma may be as minor as coughing, jumping, rolling over in bed, lifting a heavy weight 
or engaging in intercourse.
What is also important to remember, the spleen unlike the liver, will bleed rapidly and in 
copious amounts when ruptured in the adult.  This response however, does not apply to 
children, which will be discussed under pediatric injuries.
Blunt force trauma to the left upper abdominal quadrant or the left lower rib cage can 
cause splenic subcapsular hematoma; superficial lacerations of the capsule; deep, 
irregular, intersecting lacerations, which can extend to the hilum; and partial or complete 
fragmentation of the spleen.  Also, fracture of the left ribs nine through eleven will cause 
splenic lacerations in 20% of such cases. 
An important point to remember is the blood collecting beneath the splenic capsule, 
may continue to do so for a considerable period, causing a massive intra-peritoneal 
hemorrhage several days after the injury.  If the subcapsular hematoma does not 
rupture it may become cystic or form an abscess. 
Traumatic cysts tend to undergo progressive enlargement due most likely to the osmotic 
effect of its protein rich fluid.  However, secondary hemorrhage can also occur leading 
to spontaneous rupture months after the original subcapsular hematoma occurred.  The 
spleen can also contain non-traumatic or congenital cyst.  These cyst typically have a 
delicate lining membrane in contradistinction to the dense fibrous connective tissue wall 
of a traumatic cyst, which also contains abundant hemoglobin pigment.
There are rare cases in which blunt force trauma to the spleen has resulted in 
abscesses.  When this occurs, it typically does so in a setting in which there is a spread 
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of infection due to a ruptured viscus, which leads to many metastatic abscesses.  In 
1927, Inlow was one of the first to publish an article in which he believed splenic or 
perisplenic abscess was the result of trauma to the spleen.  Many of these abscesses 
were asymptomatic for months after the trauma was sustained.
Pediatric Injuries: The spleen is a commonly injured abdominal organ in children who 
sustain blunt force trauma to the abdomen.  It is the second most commonly injured 
intra-abdominal organ in children, following the liver.  In a child with left upper quadrant 
tenderness to palpation, left lower rib fractures or contusions of the left lower chest or 
contusions of the left upper abdominal quadrant, splenic trauma should be suspected.
The most common mechanism for both abdominal and splenic injury in children is motor 
vehicular accidents followed by automobile-versus-pedestrian injuries and falls.  Other 
frequent mechanisms are handlebars injuries from bicycles, all-terrain vehicular 
crashes, and sports.  In young children, splenic injuries can also result from non-
accidental trauma (child abuse).
As in the adult, traumatic splenic injuries take the form of contusions, subcapsular 
hematomas, superficial capsular lacerations, deep irregular lacerations, which may 
extend to the hilum, intra-parenchymal hematoma, and shattering or fragmentation.  
Because the spleen is much smaller than the liver, complex splenic injury can result in 
shattering or fragmentation.  However, as with hepatic injuries in children, associated 
intra-peritoneal hemorrhage is not always present.  If the splenic capsule remains intact, 
there is no associated hemoperitoneum.  The absence of hemoperitoneum is noted in 
approximately 25% of splenic injuries.  Blood can also track into the retroperitoneal 
space.  This typically occurs with the splenic injury extending to the splenic hilum.  In 
such instances, blood extends along the splenorenal ligament into the anterior 
pararenal space surrounding the pancreas.
There is an important physiologic difference between children and adults following blunt 
trauma.  Children have smaller blood vessels with enhanced vasoconstrictive response.  
Thus, bleeding associated with solid viscus injury usually stops spontaneously 
regardless of the grade of the injury.  As a result most solid viscus injuries in children 
can be successively managed non-operatively.  For example, in a study of 122 children 
with isolated hepatic or splenic injury over a 10 year period, only 3% of hepatic and 2% 
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of splenic injuries required surgery.  More recently, in a multi-center study of 316 
children with isolated grade I-IV hepatic or splenic injury, only 1% required surgery.  
Such conservative preservation management of splenic injuries in children has shown 
full recovery in 90 to 98% of patients.
Clinical Staging of Splenic Trauma: The criteria for staging splenic trauma is based 
on the American Association for the Surgery of Trauma (AAST) splenic injury scale, 
which is as follows: 
Grade 1: Subcapsular hematoma of less than 10% of surface area or capsular tear of 
less than 1 cm in depth.
Grade 2: Subcapsular hematoma of 10 to 50% of surface area, intra-parenchymal 
hematoma of less than 5 cm in diameter, or lacerations of 1 to 3 cm in depth and not 
involving trabecular vessels (Figs 89, p 115 & 158).
Grade 3: Subcapsular hematoma of more than 50% of surface area or expanding and 
ruptured subcapsular or parenchymal hematoma, intra-parenchymal hematoma of more 
than 5 cm or expanding, or laceration of more than 3 cm in depth or involving trabecular 
vessels.
Grade 4: Laceration involving segmental or hilar vessels with devascularization of more 
than 25% of the spleen.
Grade 5: Shattered spleen or hilar vascular injury (Fig. 159).

Fig. 158.  Grade 2 splenic injury due to motor vehicular accident.  (Trauma.org. Karim, 
London, UK, April 15, 2006) (Wiki)
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Fig. 159.  The above CT scan shows fragmentation of the spleen, which was 
demonstrated upon laparotomy.  (Annual Reviews-a nonprofit scientific publisher v 54, 
2003) (Wiki)

The next chapter will cover the organs of the retroperitoneal space, which will include 
the pancreas, kidney, ureter, adrenal glands, abdominal aorta, and the inferior vena 
cava.

199



References
1.   Ali M. Avulsion of the gallbladder in blunt abdominal trauma. Injury 1974-5; 6:334.
2.   Alterman, DM. Considerations in Pediatric Trauma. Medscape June 17, 2011.
3.   Anatomy of a Blast Wave. http://www.grahamwindows.com/blast/about_blast.html.
4.   Barden, BE, and Mauli, KI. Perforation of the Colon After Blunt Trauma. South Med 
      J. 2000; 93(1).
5.   Brown, J. J. Mason. Hepatic Hemorrhage in the Newborn. Archives of Disease in 
      Childhood. June 1957.
6.   Cai WQ and Gabella G. Innervation of the gallbladder and biliary pathways in the 
      guinea-pig. J Anat. 1983; 136:97-109.
7.   Carragher AM, Cranley B: Seat belt stomach transection in association with ʻchanceʼ
      vertebral fracture. Br J Surg 1987; 74:397.
8.   Case MES and Nanduri R. Laceration of the Stomach by Blunt Trauma in a Child: A 
      case of Child Abuse. JFS 1983; 28(2):496-501.
9.   Cerise Ej. Scully Jr JH. Blunt trauma to the small intestine. J Trauma 1970;  
      10:46-50.
10. Chance GQ. Note on a flexion fracture of the spine. Br J Radiol 1948; 21:452-3.
11. Cooper GJ, and Taylor DEM. Biophysics of Impact Injury to the Chest and 

Abdomen. J R Army Med Corps 1989; 135:58-67.
12. Courcy PA, Soderstrom C, Brotman S. Gastric rupture from blunt trauma: a plea for 
      minimal diagnostics and early surgery. Am Surg 1984; 50:424-7.
13. Dalal S, Dalal N, and Goyal P. Isolated Esophageal Injury Following Blunt Thoracic
      Trauma: a Rarity. Gastroenterology Research. 2009; 2(5):1-4.
14. Dauterive AH, Flancbaum L, and Cox EF. Blunt Intestine Trauma. A Modern-day
      Review. Ann Surg 1985; 201:198-203.
15. Degiannis E and Boffard K. Duodenal Injuries. British Journal of Surgery. 2000; 87:
      1473-1479.
16. DiMaio, Vincent JM. (1985) Wounds From Centerfire Rifles. chapter 7 of Gunshot
      Wounds-Practical Aspects of Firearms, Ballistics, and Forensic Techniques. New 
      York, Amsterdam, Oxford:Elsevier.
17. DiMaio, Vincent JM and DiMaio, Dominick (2001) Blunt Injuries of the Trunk and
      Extremities. chapter 5 of Forensic Pathology. Boca Raton, London, New York, 
      Washington, D.C.: CRC Press.
18. Dunham EC and Goldstein RM. Rupture of the Stomach in Newborn Infant. A report 
      of two cases. J Ped 1934; 4:44
19. Dykes EH. Paediatric Trauma. British Journal of Anaesthesia 1999; 83(1):130-8.
20. Dzwonczyk J, Serlin O, and Skerrett, PV. Spontaneous Rupture of the Liver. Report 
      of a Case secondary to Polyarteritis Nodosa. Ann of Surg 1959.
21. Garrett JW, and Braunstein PW: The seat belt syndrome. J Trauma 1968; 2:220
      -238.
22. Geer DA, Armanini G, and Guernsey JM. Trauma to the appendix. A report of two 
      cases. Arch Surg 1975 Apr; 110(4):446-7.
23. Gerova M, Gero J, Dolezel S, and Blazkova-Huzul Akova I. Sympathetic Control of
      Canine Abdominal Aorta. Circulation Research 1973; 33:149-159.

200

http://www.grahamwindows.com/blast/about_blast.html
http://www.grahamwindows.com/blast/about_blast.html


24. Gilbert-Barness, Enid, chief editor, (2007) Pediatric Forensic Pathology. chapter
      7 of Potterʼs Pathology of the Fetus, Infant and Child, 2nd Edn. China: Mosby
      Elsevier.
25. Glassman O. Subcutaneous Rupture of the Stomach; Traumatic and Spontaneous.
      Ann Surg 1929; 89:247-263.
26. Grosfield JL, Rescorla FJ, West KW, and Vane DW. Gastrointestinal Injuries in 
      Childhood: Analysis of 53 patients. J Ped Surg 1989; 24(6):580-583.
27. Hall, John E (2011). Guyton and Hall-Textbook of Medical Physiology. Philadelphia:
      Saunders Elsevier. pp 426-428, 753-805 and 837-842.
28. Hara, Saburo and Crump, EP. Spontaneous Rupture of the Stomach in the Newborn
      A Report of Six Cases in Negro Infants and a Review of the Literature. Journal of 
      National Medical Association 1962; 54:6.
29. Hornby PJ and Abrahams TP. Central control of lower esophageal sphincter 
      relaxation. The American Journal of Medicine 2009; 108(4):90-98.
30. Hunter SK, Martin M, Brenda JA, Zlantik FJ. Liver transplant after massive 
      spontaneous hepatic rupture in pregnancy complicated by preeclampsia. Obstet
      Gynecol 1995; 85:819-22.
31. Injury to the Colon and Rectum. Trauma.ORG: Care of the injured. July 08, 2003.
32. Kimmins MH, Poenaru D, and Kamal I. Traumatic Gastric Transection: A Case  
      Report. J Ped Surg 1996; 31(6):757-758.
33. Klein, K and Shapiro J. Spontaneous Hepatic Rupture with Intraperitoneal 
      Hemorrhage without underlying etiology: A report of two cases. ISRN Surg 2011;
      2011.
34. Kleinman PK, Brill PW, and Winchester P. Resolving duodenojejunal hematoma in
      abused children. Radiology 1986; 160:747-750.
35. Knight, Bernard and Saukko, Pekka. (2004) Chest and Abdominal Injuries. chapter 6
      of Forensic Pathology. London, UK: Edward Arnold.
36. Landsberg PG. Underwater Blast Injuries. Trauma & Emergency Medicine 2000; 
      17(2):1-6.
37. Mascarenhas R, Mathias J, Varadarajan R, Geoghegan J, and Traynor O.
      Spontaneous hepatic rupture: a report of five cases. HPB; 2002; 4(4):167-170.
38. Mays, ET. Bursting Injuries of the Liver. A complex surgical challenge. AMA Arch
      Surg 1966; 93(1)92-106.
39. McCormick, WF. Rupture of the Stomach in Children. Archives of Path 1959; 67(4):
      416-426.
40. Miller, RT. Retroperitoneal Rupture of the Duodenum by Blunt Force. Department of
      Surgery, University of Pittsburg Medical School, Wiki.
41. Moritz, Alan Richards. (1954) Mechanical Injuries of the Alimentary Canal. chapter 6
      Mechanical Injuries of the Liver, Gallbladder, Bile Passages, Pancreas, and Spleen.
      chapter 7 of Pathology of Trauma. Philadelphia: Lea & Febiger.
42. Naidoo N, Partab P, Pather N, Moodley J, Singh B, and Satyapal KS. Thoracic 
      splanchnic nerves: implications for splanchnic denervation. J Anat 2001; 199: 
      585-590.
43. Nelson EW, Archibald L, Albo D. Spontaneous hepatic rupture in pregnancy.
      Am J Surg 1977; 134:817-820.
44. Offner P. Penetrating Abdominal Trauma, Medscape. January 23, 2012.

201



45. Oniscu GC, Parks RW, and Garden OJ. Classification of liver and pancreatic trauma
      HPB (Oxford). 2006; 8(1): 4-9.
46. Parker TL, Kesse WK, Mohamed AA, and Afework M. The innervation of the 
      mammalian adrenal gland. J Nat 1993; 183: 275-276.
47. Parker WS, and Robbins FR. Traumatic amputation of gallbladder without a wound 
      of the abdominal wall. Ann Surg 1953; 138:915.
48. Rosenberg AA, and Heath MN. Acute Gastric Ulcer with Perforation in one of
      Premature Twins. Report of a case. J Ped 1946; 28:93.
49. Saizano A, Nocera V, DeRosa A, Rossi E, Carbone M, Gatta G, Vitalel, Vigliotti A.
      Liver trauma due to penetrating lesions: miscellanea, personal case series, clinical
      and CT findings. Radiol Med 2000 Dec; 100(6):465-9.
50. Sherck JP, and Oakes DD. Intestinal injuries missed by computed tomograph. 
      J Trauma 1990; 30:1-7.
51. Sivit CJ. Imagine Children with Abdominal Trauma. AJR 2009; 192(5):1179-1189.
52. Soderstrom CA, Mackawa K, DuPriest RW, and Cowley RA. Gallbladder Injuries 
      Resulting from Blunt Abdominal Trauma. An Experience and Review. Ann Surg 
      1981 January.
53. Solheim K. Blunt gallbladder injury. Injury 1972; 3:246.
54. Standing, Susan, Editor-in-Chief (2008). Gray Anatomy-The Anatomical Basis of
      Clinical Practice. 40th Edn. Spain: Churchill Livingston. pp 945-54, 1041-1082,
      1111-1123, 1125-1135, 1137-1150, 1163-1175, 1177-1181, 1191-1195.
55. Stocker, J Thomas, and Dehner, Louis P. (2002). Pediatric Forensic Pathology,
      chapter 8 of Pediatric Pathology. Philadelphia, Baltimore, New York, London, 
      Buenos Aires, Hong Kong, Sidney, Toko: Lippincott Williams & Wilkins.
56. Talton DS, Craig MH, Hauser CJ, and Poole GV. Major Gastroenteric Injuries from
      Blast Trauma. The American Surgeon 1995 January; 61:69-73.
57. Teitelbaum HA. The Innervation of the Adrenal Gland. The Quarterly Review of 
      Biology. 1942; 17(2):135-148.
58. Thomas DFM. Injury to the appendix after blunt abdominal trauma. BMJ 1978 Aug.
59. Vock R. Liver rupture caused by isolated blunt force impact: the result of a blow, 
      kick or a fall? International Journal of Legal Medicine. 2000; 114(4-5):244-247.
60. Wright LT, and Scott BE. Perforate Gastric Ulcer in a Newborn Infant. J Ped 1950;
      37:905.
61. Woodburn, Russell T. (1961) Essentials of Human Anatomy. 2nd Edn. New York: 
      Oxford University Press. pp 218-219, 352-355, 362-382, 394, 395-405, 410-427.
62. Zhuo H, Ichikowa H, and Holke CJ. Neurochemistry of the Nodose ganglion. 
      Progress in Neurobiology 1997; 52(2):

202


