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The contributions of muscle fibers from the right and left diaphragmatic
crura to the formation of the esophageal hiatus have been documented in
several studies, none coming to a complete consensus on the number of
anatomic variations or the prevalence of these variations in the human pop-
ulation. These variations may play a role in the pathogenicity of specific
diseases that involve the esophageal hiatus, such as hiatal hernias. We exa-
mined a total of two hundred adult cadavers during 2000-2007. The varia-
tions in the diaphragmatic crura, particularly their muscular contributions
to the formation of the esophageal hiatus, were grossly examined and re-
vealed a bilateral occurrence of diaphragmatic crura in all 200 specimens.
The results of the various morphological patterns of circumferential muscle
fibers forming the esophageal hiatus were classified into six groups. The
most common type (Type I, 45%) formed the esophageal hiatus from mus-
cular contributions arising solely from the right crus. In Type Il (20%) the
esophageal hiatus was formed by muscular contributions from the right
and left crura. In Type Il (15%), the right and left muscular contributions
arose from the right crus with an additional band from the left crus. Type IV
(10%) showed that the right and left muscular contributions arose from the
right crus, with two additional (anterior and posterior) bands arising from
the left crus. Type V (5%) demonstrated the contributions arising solely from
the left crus. In Type VI (5%) the right and left contributions originated from
the left crus with two additional bands, one from the right crus and one
from the left crus.

These variations may play a role in the pathogenicity of specific diseases that
involve the esophageal hiatus such as hiatal hernia, gastroesophageal reflux
disease and Dunbar’s syndrome. (Folia Morphol 2008; 67: 273-279)
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INTRODUCTION

The esophageal hiatus is an elliptic opening in
the muscular part of the diaphragm though which
the esophagus passes [25]. It lies on the left of the
midline, approximately 1cm from the posterior bor-
der of the central tendon and approximately at the
level of T10. The margins of the hiatus are formed
by the arms of the diaphragmatic crura and median
arcuate ligament, if it is present. Both the right and
left crura are muscular bands arising from the ante-
rior surfaces of the bodies and intervertebral fibro-
cartilages of the lumbar vertebrae L1 to L4 on the
right and L2 or L3 on the left [26]. The medial tendi-
nous margins of the crura pass forward and medial-
ward and meet in the middle line to form an arch
across the front of the aorta; finally these fibers con-
verge to be inserted into the central tendon, form-
ing the esophageal hiatus [27].

The contributions of muscle fibers from the right
and left diaphragmatic crura to the formation of
the esophageal hiatus have been documented in sev-
eral studies, none reaching a complete consensus
on the number of anatomic variations or the preva-
lence of these variations in the human population [26].
Despite this, the significance of variation in the
musculature which forms the boundary of the ori-
fice is little appreciated [7]. Any pathologic process
or surgical procedure which violates the integrity of
the wall of the hiatus will interfere with the func-
tion of maintaining a unidirectional passage of food
and fluid from the esophagus to the stomach [2-4, 13].
This implies that knowledge of variations in the an-
atomic structure of the diaphragm is a matter of
primary surgical importance.

The aims of our study, therefore, were to exam-
ine and delineate the anatomy and variations in the
morphology of the diaphragmatic crura and to re-
late these results with clinical syndromes such as
hiatal hernia, gastroesophageal reflux disease and
Dunbar’s syndrome.

MATERIAL AND METHODS

We examined a total of 200 adult cadavers, of
which half were examined during the “Human Body”
course at Harvard Medical School throughout the
academic semesters between 2000 and 2006.The
cadavers from Harvard consisted of 55 male and
45 female subjects with an age range of 55 to
89 years and a mean age of 71 years. One hundred
additional cadavers were derived from St. George's
School of Medicine during the three academic semes-
ters of 2006 and the 2007. The cadavers from St.
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George's consisted of 22 female and 78 male sub-
jects with an age range of 65 to 71 years and a mean
age of 69 years. The specimens were without any
grossly evident pathologies or surgical procedures af-
fecting the esophagus or the stomach. All the cadav-
ers were routinely fixed in formalin/phenol/alcohol so-
lution. In order to correct for individual examiner varia-
bility each specimen was independently examined by
each of the three co-authors, ML, CW and RL.

Following preliminary examination, images from
all the dissected specimens were recorded with
a Nikon digital camera (model: Coolpix S5) and stud-
ied using a computer-assisted image analysis sys-
tem (Lucia software 5.0 [2000, edition for Windows
XP], made by Nikon [Laboratory Imaging Ltd.]). The
digital camera was connected to an image proces-
sor (Nvidia GeForce 6800 GT) and linked to a com-
puter. Digitized images of the diaphragmatic crura
were stored in the Lucia program (2048 x 1536 pix-
els) and converted to intensity grey levels from 0 bit
(darkest) to 32 bit (lightest). After a standard 1 mm
scale had been applied to all pictures, the program
was able to use this information to calculate pixel
differences between two selected points, such as
the origin and termination of the crura, as previous-
ly described [17]. Specifically, the length was mea-
sured from the point of origin of the right and left
arms of the diaphragmatic crura to the point of in-
sertion. At the midpoint of each right and left arm
of the diaphragmatic crura the arm was cut and the
thickness and width measured. The results were
analyzed with a t-test using Statistica Software for
Windows, and values were considered statistically
significant when p < 0.05.

RESULTS

The results revealed bilateral occurrence of dia-
phragmatic crura in all 200 specimens. However, the
course and connections of the crura were subject to
a wide range of variation. To facilitate comparisons
between specimens and to analyze various morpho-
logical patterns of circumferential muscle fibers
forming the esophageal hiatus, the results were clas-
sified into six groups (Fig. 1).

As regards the variations found in our study, the
most common type (Type |, 45%) formed the esoph-
ageal hiatus from muscular contributions arising
solely from the right crus (Fig. 2, 3). In Type I (20%),
the esophageal hiatus was formed by muscular con-
tributions from the right and left crura. In Type llI
(15%), the right and left muscular contributions
arose from the right crus with an additional band
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Figure 1. Diagrammatic representation of the different types of
diaphragmatic crura observed in this study (modified with
permission of [25]).
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Figure 2. Taken from a lateral left view and depicting the left arm
of the diaphragmatic crura. Notice that the left arm is not contri-
buting to the formation of the esophageal hiatus and is classified
as Type I; SMA — superior mesenthesic artery.
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Figure 3. Taken from a lateral right view and depicting the right
arm of the diaphragmatic crura. Notice that the right arm is con-
tributing to the entire formation of the esophageal hiatus and is

classified as Type |.

from the left crus, Type IV (10%) showed that the
right and left muscular contributions arose from the
right crus, with two additional (anterior and poste-
rior) bands arising from the left crus. Type V (5%)
demonstrated the contributions arising solely from
the left crus. In Type VI (5%) the right and left con-
tributions originated from the left crus with two
additional bands, one from the right crus and one
from the left crus.

The origins of the right and left arms from the
diaphragmatic crura were also variable. In 45% of
the specimens the right arm of the diaphragmatic
crura originated from L1 to L4, in 32% from L2 to
L4 (Fig. 4) and in the remaining 23% of the speci-
mens from L2 to L3. On the left side in 2% of the
specimens the left arm of the diaphragmatic crura
originated from L1 and L3 (Fig. 5), in 40% from L2
and L3, in 30% from L2 and in the remaining 28%
from L3.

The descending diaphragmatic arms of the cru-
ra were found to be thick with a mean diameter of
6.7 mm and a range of 3.2-8.1 mm, becoming ten-
dinous and less muscular near their vertebral bodies
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Figure 4. Both the right and left arms of the diaphragmatic crura
are attached to L1-L4.

Right Arm of
Diaphragmatic Crura

Figure 5. In this specimen the left arm of the diaphragmatic crura
originated from L1 and L3. Notice its thick muscular nature in
contrast to the right arm of the diaphragmatic crura which
appears to be tendinous.
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Superior

Figure 6. The descending diaphragmatic arms of the crura; SMA
— superior mesenthesic artery.

(Fig. 5, 6). The mean length of the right diaphrag-
matic arm of the crura was found to be 15.5 cm with
a range of 11.2-19.6 cm. The mean length of the
left diaphragmatic arm of the crura was found to
be 13.5 cm with a range of 9.6-16.1 cm. The mean
location of the transformation from the muscular
to the tendinous portion of the crura was found to
be at a mean of 27% of the entire length of the
crura at its distal end with a range of 22-31%. There
was no significant difference between the types and
dimensions of the arms of the diaphragmatic crura
with regard to race, gender, age or the institution
from which the cadavers were derived (Student's
t-test; p > 0.05).

DISCUSSION

Our study of 200 human cadavers was performed
in order to examine the variability of muscle fiber
contributions from the diaphragmatic crura in the
formation of the esophageal hiatus. Current data
on this subject have been found to be highly varia-
ble in both the number of anatomic variations and
their statistical occurrence. A more comprehensive
study seemed necessary because of the clinical sig-
nificance of the competence of the esophageal hia-
tus and the need for clarification of the disparity in
data that is currently available.

Serveral studies have determined that the contri-
bution of the crura to the formation of the esoph-
ageal hiatus is most commonly derived solely from
muscle fibers from the right crus, designated as Type |
in our study. The statistical variation has ranged from
100% [1, 7, 19-21, 24], 80% [12], 75% [15], 58% [6],
50% [16], 46% [11], to 36% [9]. In contrast, the study
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of 50 cadavers by Botha [6] showed that the esoph-
ageal hiatus was formed by the right crus alone in
10% of specimens. By comparison, 45% of our speci-
mens showed the esophageal hiatus formed solely by
the right crus with no contribution from the left crus.
Furthermore, 20% of our cadavers displayed an equal
contribution of muscle fibers from the right and left
crura to their respective sides of the esophageal hia-
tus, designated as Type Il in our study. As before, no
general consensus could be reached concerning the
prevalence of this equal contribution. Ranges of val-
ues have been anywhere from 100% [29], 32% [9],
25% [15], 20% [12], to 10% of cases [6].

Muscle fiber separation of the right and left cru-
ra was determined by Delattre et al. [12] to be such
that both crura can be divided into medial and lat-
eral bundles. In contrast, the study by Botha [6] found
that 98% of right crura can be divided into medial,
middle, and lateral bundles, and that 90% of left
crura can be divided into medial and lateral bun-
dles; our data correlate with this study in defining
the division of the crura into these bundles. This
same study found that in 62% of their cases the
esophageal hiatus was formed by the right crus with
a contributing band of muscle from the left crus.
Our study, in contrast, revealed this same variation
in 15% of cases, designated as Type Ill. Other au-
thors have found this same variation, yet failed to
acknowledge that the contribution from the left crus
was a significant one. We were unable to determine
if this disparity was due to individual observer vari-
ability or dissection technique.

Gastroesophageal reflux disease (GERD) is a nor-
mal physiologic phenomenon experienced intermit-
tently by most people, particularly after a meal.
Gastroesophageal reflux disease occurs when the
amount of gastric juice that refluxes into the esoph-
agus exceeds the normal limit, causing symptoms
or complaints, such as esophagitis, with or without
associated esophageal mucosal injury. Interestingly,
GERD has been found in patients with normal lower
esophageal sphincter competency, which suggests
that there are certain extrinsic factors, possibly in-
cluding efficacious tone of the crura that contribute
to the presence or absence of this disease [12].
It has also been reported that active diaphragmatic
contraction is an important factor in the generation
of a high-pressure zone at the gastroesophageal
junction, which may act as an extrinsic anti-reflux
barrier [8, 30]. Over-emphasis of the lower esoph-
ageal sphincter has led surgeons to orientate thera-
py on the basis of the construction of an anti-reflux
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valve that leads to marked changes in the regional
anatomy, which is often normal to begin with [12].
Understanding the anatomy of the esophageal hia-
tus could prove useful as it could allow for the se-
lection of proper methods of treatment in patients
with GERD. In particular, very little data are availa-
ble regarding the contribution of the right and left
diaphragmatic crura to the formation of the esopha-
geal hiatus and their relation to the composition
of the median arcuate ligament.

The lower esophageal sphincter or distal esoph-
ageal high pressure zone is a 3-5 ¢cm area in the
terminal esophagus serving as a competence valve
that allows the passage of food into the stomach
but prevents retrograde flow of contents from the
stomach into the esophagus. Although the exact
mechanism of this competence is not completely
understood, established factors leading to failure
include inadequate contraction of the intrinsic mus-
culature of the distal esophagus, loose sling fibers
of the gastric cardia, as well as transmitted pres-
sure of the abdominal cavity, as is the case during
the presence of a hiatal hernia [10]. In addition,
esophageal and gastric distension have also been
implicated as having an effect on the barrier func-
tion of the lower esophageal sphincter. Investigat-
ing this hypothesis not only mechanically but also
actively through a crural-esophageal-gastric reflex
action, Shafik et al. [23] recorded the electromyo-
graphic response of the crural diaphragm to indi-
vidual balloon distension of the esophagus and
stomach. These authors found that the crural dia-
phragm has a resting tone that relaxes after esoph-
ageal distension and contracts after gastric disten-
sion. This sphincter-like action of the crura appears
to be a reflex and is mediated through the esoph-
agocrural inhibitory and gastrocrural excitatory re-
flexes. The crural diaphragm therefore seems to share
actively in the gastroesophageal competence mech-
anism. Similarly, Sun et al. [28] discovered that ab-
normal manometric and pH studies of the eso-
phageal body and post-lower esophageal sphincter
relaxation related to swallowing were not only func-
tions of the diaphragmatic crura but also played an
important role in the development of GERD. This
study showed that the pressure of the lower esoph-
ageal sphincter significantly decreased after a test
meal both in patients with known GERD and in
healthy subjects. However, the tension of the crural
diaphragm at rest in GERD patients was much low-
er than that observed in healthy subjects either dur-
ing fasting or postprandially.
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With the introduction of clinical radiology it has
become evident that diaphragmatic hernias are rel-
atively common. Type | or sliding hiatal hernias are
characterized by an upward dislocation of the car-
dia in the posterior mediastinum. Although many
are asymptomatic, the most common presenting
symptoms relate to the coexistence of gastroesoph-
ageal reflux in these patients [10]. Recently, the use
of prosthetic meshes for crural closure in laparoscop-
ic anti-reflux surgery has resulted in a significantly
lower rate of postoperative hiatal hernia recurrence,
according to Granderath et al. [14]. This study con-
cluded that measurement of the hiatal surface area
dictates the method of surgical closure and serves
as an effective means in preventing hiatal hernia
recurrence and/or intrathoracic wrap migration. De-
pending on the configuration of the diaphragmatic
crura, certain types demarcated in our study could
have an impact on the success of such placement
and subsequent operative outcome. For example,
in Type VI (5%) the right and left contributions arise
from the left crus with two additional bands, one
from the right crus and one from the left crus. If the
sutures anchoring the mesh were placed in an addi-
tional, smaller muscular contribution instead of the
main band forming the right crus, the competency
of hiatal closure with respect to how tightly the mesh
is placed may be compromised by the altered con-
traction properties of the small contribution as com-
pared to the right crus itself.

According to Skandalakis et al. [26], the placement
of non-absorbable sutures in the crura (including the
attached pleura) is absolutely necessary to narrow the
hiatus for repair of a hiatal hernia. The surgeons must
be sure that the sutures are in the tendinous portions
of the crura and not in the muscular part only. If the
surgeon chooses to close the hiatus anterior to the
esophagus, non-absorbable sutures must partially in-
corporate the transverse ligament as well as the right
and left arms of the crura [26].

Celiac artery compression syndrome, also termed
Dunbar syndrome, is a rare condition associated with
the potential clinical presentation of upper abdomi-
nal pain, weight loss, hyperemesis, and the presence
of an epigastric bruit caused by inadequate blood flow
through the celiac artery with resultant ischemia [18].
This syndrome is caused by unfavorable anatomic
relationships at the aortic hiatus between the celiac
artery, the superior mesenteric artery and the overly-
ing structures, particularly the diaphragmatic crura.
These anatomic relationships, in contrast to the syn-
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drome they sometimes produce, are relatively com-
mon, which makes the detection of celiac artery
compression only a prerequisite in the diagnosis of
the clinical entity. The diagnosis ultimately depends
on the relentless elimination of other possible causes
for abdominal pain and on the knowledge that this
curious syndrome does indeed exist [5]. Subsequent-
ly a more rapid diagnosis may be achieved with the
acknowledgement that the angle of origination of
the celiac trunk, as well as the angle of declination of
the diaphragmatic crura, could have a potential ef-
fect on the compression of this artery [18]. If the dia-
phragmatic crura deviate acutely relative to the ab-
dominal aorta/vertebral column, the celiac trunk may
be constricted via the median arcuate ligament [22].
Certain configurations of the crura, such as hypertro-
phied right crus, a case demonstrated by Loukas et
al. [18], could therefore predispose the celiac trunk
to compression, such as hypertrophied right crus [18].

Currently fundoplication procedures are per-
formed for hiatal hernia repair, as an anti-reflux pro-
cedure or for the surgical treatment of achalasia.
Both these procedures, as well as the pathologic pro-
cesses in patients that drive surgical treatment, are
extremely common in modern medical practice. The
authors believe that further studies need to corre-
late post-mortem findings with past clinical history
and a subsequent predisposition to develop one of
the above ailments. Unfortunately, in the present
study we were unable to demonstrate to what de-
gree these types of diaphragmatic crura contribute
to the formation of hiatal hernia. Additionally, the
advent of new imaging technologies including high-
-resolution spiral computed tomography, when cou-
pled with increased knowledge of morphologic vari-
ations, could demonstrate more clearly the poten-
tial pathologic role of the diaphragmatic crura, so
leading to the betterment of both diagnosis and
subsequent management.

REFERENCES

1. Allison PR (1951) Reflux esophagitis, sliding hiatal her-
nia, and the anatomy of the repair. Surg Gynec Obstet,
92:429-431.

. Anson BJ, McVay CB (1971) Surgical anatomy. Chap-
ter: thorax. Vol. I. 5" Ed. WB Saunders, Philadelphia,
pp. 356-359.

. Apaydin N, Uz A, Evirgen O, Loukas M, Tubbs RS, Elhan A

(2008) The phrenico-esophageal ligament: an anatomic

study. Surg Radiol Anat, 30: 29-36.

Apaydin N, Uz A, Elhan A, Loukas M, Tubbs RS (2008)

Does an anatomical sphincter exist in the distal eso-

phagus? Surg Radiol Anat, 30: 11-16.



13.

14.

15.

16.

17.

M. Loukas et al., Diaphragmatic crura

. Bech FR (1997) Celiac artery compression syndromes.

Surg Clin North Am, 77: 409-424.

Botha GS (1958) The gastro-esophageal region in in-
fants; observations on the anatomy, with special re-
ference to the closing mechanism and partial thoracic
stomach. Arch Dis Chil, 33: 78-94.

Botros KG, Bondok AA, Gabr OM, el-Eishi HI, State FA
(1900) Anatomical variations in the formation of the
human esophageal hiatus. Anat Anz, 171: 193-199.
Boyle JT, Altshuler SM, Nixon TE, Tuchman DN, Pack AL,
Cohen S (1985) Role of the diaphragm in the genesis
of lower esophageal sphincter pressure in the cat. Gas-
troenterology, 88: 723-730.

Bowden RE, el-Ramli HA (1967) The anatomy of the
esophageal hiatus. BrJ Surg, 54: 983-989.

. Brunicardi FC (2004) Schwartz’s principles of surgery.

8t Ed. McGraw-Hill, New York, pp. 859-862.

. Collins JL, Kelly TD, Wiley AM (1954) Anatomy of the

crura of the diaphragm and the surgery of hiatus her-
nia. Thorax, 9: 175-189.

. Delattre JF, Palot JP, Ducasse A, Flament JB, Hureau J

(1985) The crura of the diaphragm and diaphragmatic
passage. Applications to gastroesophageal reflux, its
investigation and treatment. Anat Clin, 7: 271-274.
Fisher J (ed) (2007) Mastery of surgery. Chapter 51:
the diaphragm. 5t Ed. Lippincott Williams and Wilkins,
Philadelphia, pp. 604-609.

Granderath FA, Schweiger UM, Pointner R (2007)
Laparoscopic antireflux surgery: tailoring the hiatal
closure to the size of hiatal surface area. Surg Endosc,
21: 542-548.

Juraniec J (1972) The aortic and esophageal hiatus in
the diaphragm of primates. Folia Morphol, 31: 215-212.
Listerud MB, Harkins HN (1958) Anatomy of the esoph-
ageal hiatus; anatomic studies on two hundred four
fresh cadavers. AMA Arch Surg, 76: 835-840.

Loukas M, Kapos T, Louis RG Jr, Jones A (2006) Gross
anatomical, CT and MRI analyses of the buccal fat pad
with special emphasis on volumetric variations. Surg
Radiol Anat, 28: 254-260.

279

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Loukas M, Pinyard J, Vaid S, Kinsella C, Tariq A, Tubbs RS
(2007) Clinical anatomy of celiac artery compression
syndrome: a review. Clin Anat, 20: 612-617.

Low A (1907) A note on the crura of the diaphragm
and muscle of Treitz. J Anat Physiol, 42: 93-96.
Madden JL (1956) Anatomic and technical consider-
ations in the treatment of esophageal hiatal hernia.
Surg Gynecol Obstet, 102: 187-194.

Marchand P (1959) The anatomy of esophageal hiatus
of the diaphragm and the pathogenesis of hiatus her-
niation. J Thorac Surg, 37: 81-92

Schweizer P, Berger S, Schweizer M, Schaefer J, Beck O
(2005) Arcuate ligament vascular compression syn-
drome in infants and children. J Pediatr Surg, 40: 1616-
-1622.

Shafik I, El Sibai O, Mostafa RM (2006) The effect of
esophageal and gastric distension on the crural dia-
phragm. World J Surg, 30: 199-204.

Shehata R (1966) The crura of the diaphragm and their
nerve supply. Acta Anat (Basel), 63: 49-54.
Skandalakis JE, Ellis H (2000) Embryologic and anatomic
basis for esophageal surgery. Surg Clin North Am, 80:
122-126.

Skandalakis JE (ed) (2005) Surgical anatomy, the em-
bryologic and anatomic basis of modern medicine.
Chapter 8: diaphragm. Paschalidis Medical Publication,
Athens, pp. 367-372.

Standring S (2005) Gray's anatomy. 39t ed. Chapter
64: lungs and diaphragm. Elsevier, Churchill, Living-
stone, Edinburgh, pp. 1081-1086.

Sun XH, Ke MY, Wang ZF, Fang XC (2002) Roles of di-
aphragmatic crural barrier and esophageal body clear-
ance in patients with gastroesophageal reflux disease.
Zhongguo Yi Xue Ke Xue Yuan Xue Bao, 24: 289-293.
Testut A, Latarjet J (1948) Traite de | anatomie humaine.
Paris, Dion.

Welck RW, Gray JE (1982) Influence of respiration on
recordings of lower esophageal sphnicter pressure in
humans. Gastroenterology, 83: 590-594.



