
ORIGINAL ARTICLE

Anatomical classification of the shape and topography
of the stomach

Franciszek Burdan • Ingrid Rozylo-Kalinowska • Justyna Szumilo •

Krzysztof Zinkiewicz • Wojciech Dworzanski • Witold Krupski •

Andrzej Dabrowski

Received: 22 May 2011 / Accepted: 25 October 2011 / Published online: 6 November 2011

� The Author(s) 2011. This article is published with open access at Springerlink.com

Abstract The aim of the study was to present the clas-

sification of anatomical variations of the stomach, based on

the radiological and historical data. In years 2006–2010,

2,034 examinations of the upper digestive tract were per-

formed. Normal stomach anatomy or different variations of

the organ shape and/or topography without any organic

radiologically detectable gastric lesions were revealed in

568 and 821 cases, respectively. Five primary groups were

established: abnormal position along longitudinal (I) and

horizontal axis (II), as well as abnormal shape (III) and

stomach connections (IV) or mixed forms (V). The first

group contains abnormalities most commonly observed

among examined patients such as stomach rotation

and translocation to the chest cavity, including sliding,

paraesophageal, mixed-form and upside-down hiatal dia-

phragmatic hernias, as well as short esophagus, and

the other diaphragmatic hernias, that were not found in the

evaluated population. The second group includes the

stomach cascade. The third and fourth groups comprise

developmental variations and organ malformations that

were not observed in evaluated patients. The last group

(V) encloses mixed forms that connect two or more pre-

vious variations.

Keywords Stomach � Anatomical variation � Imaging �
Surgery

Introduction

Classic anatomical textbooks describe the stomach as the

most dilated part of the digestive tract, located beneath the

diaphragm in the left hypochondriac and epigastric region

of the abdominal cavity [20, 30, 32]. Its shape and position

are strongly associated with organogenesis. Any develop-

mental abnormality of the organ itself or nearby located

viscera and peritoneum, as well as their vessels and nerves

may influence stomach morphology [3, 20, 26, 29, 30]. The

final topography depends also on contents of the stomach

and surrounding viscera, respiratory phase, age and body

type of the individual. The empty organ is characterized by

a cylindrical form with a well-formed anterior and pos-

terior wall, lesser and greater curvature as well as fundus,

cardia, body and pylorus (Figs. 1a, 2). In distended one, the

anterior wall increases the area attached to the abdominal

wall. During inspiration the organ is displaced downward,

while elevated in expiration. Any abnormal fluid accumu-

lation in the pleural and peritoneal cavity may change

the stomach shape as well. Heavily build hypersthenic
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individuals with short thorax and long abdomen are likely

to have stomach that is placed in higher position and more

transversally. In persons with a slender asthenic physique,

the stomach is located lower and more vertical. More

vertical position and slightly left organ translocation—

secondary to a relatively large liver—are typical of young

children, in particular in newborns [30].

Classical anatomical description presented above, is not

always seen in clinical practice. Different variations of the

typical shape of the stomach are frequent. The aim of the

study was to present classification of the shape and position

of the unoperated stomach.

Materials and methods

The study was conducted on the retrospective data col-

lected during various radiological examinations taken in

2006–2010 in the Second Radiological Department of the

First University Hospital, Medical University of Lublin,

Poland. All patients were sent for the checkup for various

medical reasons with empty stomach. The examination was

performed using Siregraph CF-System (Siemens, Ger-

many) during single- or double-contrast fluoroscopy. Bar-

ium sulfuricum suspension (TERPOL, Poland) or

Prontobario HD (Bracco S.P.A., Italy) was applied as a

positive contrast in unoperated patients. Water-soluble

contrasts such as Gastrografin (Berlimed S.A. Poligono

Industrial Schering AG; Leverkusen, Germany) or Uro-

polinum (Zakłady Farmaceutyczne POLPHARMA; Staro-

gard Gdanski, Poland) were administered for operated

patients. Stomach air or pretreatment with Dougas (Bracco

S.P.A., Italy) was used as a source of the negative contrast.

Each patient was typically examined in Trendelenburg

position, followed by supine, semirecumbent, antero-pos-

terior and lateral erect position. Any other positions were

used when needed. Single and serial pictures with

Fig. 1 Diagrams with the most

common, anatomical variances

of the stomach: typical shape of

the stomach (a), malrotation (b),

sliding hiatal hernia (c),

paraesophageal hiatal hernia

(d), mixed-form hiatal hernia

(e), upside-down hernia (f),
congenital short esophagus (g),

cascade (h), lack of the whole

organ (i), lack of the fundus (j),
short body (k), advanced

enlargement (l), congenital

gastroduodenal (m) and

gastroileal (n) fistula

Fig. 2 A typical radiological shape and localization of the stomach

172 Surg Radiol Anat (2012) 34:171–178

123



acquisition time one up to 4–5 pictures per second were

stored on the hard disc.

The classification was established exclusively for patients

without any organic radiologically detectable stomach

lesions, i.e., severe gastric inflammations, ulcer disease,

neoplasms, etc. Five primary groups of the organ shape and

topography were established: abnormal position along it

longitudinal (I) and horizontal axis (II), as well as abnormal

shape (III) and connections (IV) or mixed forms (V).

Obtained results were evaluated only qualitatively, since

data were collected at a hospital that is highly specialized

in esophageal and stomach surgery and the group of

examined patients’ does not cover the general population.

Results

During evaluated period, 2,034 examinations of the upper

part of digestive tract were performed. From among the

whole group 1,389 patients passed the criteria of the study.

Normal stomach anatomy was observed in 568 cases, while

in 821 patients different variations of the organ shape and

topography were reveled.

A regular, physiological position of the stomach—as

presented at the introduction—was the most commonly

observed among all the examined individuals (Figs. 1a, 2).

Abnormal anatomical variances were seen less frequently.

In unoperated patients the two main groups of the stomach

variations were established: (I) abnormal positions along

the longitudinal axis of the organ, and (II) abnormal

positions along various horizontal axes (Table 1; Fig. 1b–n).

Two additional groups, i.e. (III) abnormal shape of the organ,

(IV) abnormal congenital connections of the stomach could

also be added, however, they were not observed in our

department and they do not pass the criteria of ‘‘healthy’’

organ. The last group (V) contains mixed forms, which pass

criteria two or more primary groups (I–IV).

The first group included the stomach rotation (Ia), and

translocation to the chest cavity (Ib). Different degrees of

the stomach rotation were easily seen when position of the

pylorus and the lesser and greater curvatures were exam-

ined (n = 84). In the extreme situation, a frontward

(n = 3/84) and backward (n = 11/84) direction of the

lesser curvature was found (Figs. 1b, 3). However, the

most common type of the anomaly in the first group was

the sliding hiatal diaphragmatic hernia (n = 522) (Figs. 1c,

4a). Less frequently, the paraesophageal hiatal (n = 12)

(Figs. 1d, 4b), mixed-form (n = 43) (Figs. 1e, 4c) and

upside-down hernias were found (n = 37) (Figs. 1f, 4d).

Table 1 Morphological classification of the shape and topography of

unoperated stomach

I. Abnormal positions along the longitudinal axis of the organ

(organoaxial)

Ia. Malrotation

Ib. Translocation to the chest cavity

1. Through the esophageal diaphragmatic hiatus (hiatal hernias)

Sliding hiatal hernia (type I)a

Paraesophageal hiatal hernia (type II)a

Mixed form (type III)a

Intrathoracic stomach—upside-down hernia (type IV)a

Congenital short esophagus

2. Through other esophageal openings (diaphragmatic hernias)

Posterolateral (Bochdalek) hernia

Anterolateral (Morgagni) hernia

Central (septum-transversum) hernia

II. Abnormal positions along various horizontal axis

(mesenteroaxial)

Cascades (mesenteroaxial volvulus)

III. Abnormal shape of the stomach

Lack of the whole organ

Lack of the fundus

Short body

Advanced enlargement (dilatation)

IV. Abnormal congenital connection of the stomach

Gastroduodenal fistula

Gastrointestinal fistula (-ileal, -jejunal)

Gastrocolic fistula

Gastrocutaneous fistula

Other, less common fistulas

V. Mixed form of the stomach shape

a According to the Akerlund classification [2] Fig. 3 Stomach rotation along the longitudinal axis
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The congenital short esophagus (Fig. 1g) and other dia-

phragmatic hernias of the stomach were not revealed,

although all of them could be added to the Ib group.

The second group contains stomach cascade of different

stages (n = 80) (Figs. 1h, 5a). Furthermore, the upside-

down diaphragmatic hernia (n = 12/37) with both cardia

and pylorus in the infradiaphragmatic position (Fig. 1f)

could be included to this group as well.

The third group contains congenital abnormal shape of

the organ i.e. lack of the whole organ (Fig. 1i), lack of the

Fig. 4 The sliding (a),

paraesophageal (b), mixed-form

(c) and upside-down (d) hiatal

stomach diaphragmatic hernias

Fig. 5 Stomach cascade
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fundus (Fig. 1j), short stomach body (Fig. 1k) and promi-

nent organ enlargement (dilatation) (Fig. 1l).

All the abnormal congenital connections of the stomach

were enclosed in the fourth group. According to the

available literature, the most common fistulas are gastro-

duodenal (Fig. 1m), gastrointestinal (Fig. 1n), gastrocolic

and gastrocutaneous.

The last group (V) contains mixed forms. Such abnor-

malities were seen in 44 patients with a cascade and malro-

tation or different types of diaphragmatic hernias (Fig. 5b).

Discussion

The currently presented classification seems to be the first

that clearly and completely describes anatomical positions

of the stomach. Similar classifications were not available in

the world literature.

Among all the examined patients with anatomical vari-

ances of the stomach, the most common position was the

hiatal hernia (about 60–75% depends of the year). How-

ever, such high incidence cannot be regarded as typical for

the Polish and even local population, while the study was

performed in the University Hospital with a Surgical

Department that is highly specialized in the esophageal and

stomach surgery and is referential for the south-east part of

Poland. Moreover, some patients were admitted to the

hospital with previous, well-documented diagnosis and

additional radiological examinations were not performed.

Since the first description in 1926 [2], confirmed by later

studies, translocations of the stomach along its long axis is

divided into sliding, paraesophageal and mixed-form hiatal

diaphragmatic hernia, as well as a congenital short

esophagus.

The sliding hiatal diaphragmatic hernia is the most

common type seen on the level of esophageal hiatus and is

characterized by the direct dislocation of the stomach

cardia into the posterior mediastinum. Such anomaly is

observed in 80–90% of the abnormal translocations of the

stomach through this foramen [23]. Epidemiological data

suggest a strong geographical and socioeconomic-depen-

dent distribution of the disease. Its highest prevalence was

observed in well-economically developed communities of

the North America and the Europe, where the incidence

reaches 15–20% of the adults. It increases with age, from

10% in patients younger than 40 years to 70% in those

older than 70 years [41, 47]. However, much lower inci-

dence (0.3%) was presently found among 637,518 Amer-

icans by Hauer-Jensen et al. [21]. Contrary to those data,

the disease is extremely rare in rural African communities.

Such abnormal stomach position was revealed in four out

of 1,030 examined Nigerians [4], one of 1,000 Kenyans

[44] and one of 700 Tanzanians [19]. A low incidence was

also reported throughout India, the Middle East and East

Asia [9]. A strong environmental influence, with no or low

genetic predisposition was proved by observation of the

same incidence of the sliding hiatal hernia in Afro-Amer-

icans and Caucasian Americans [9]. It was also noted in

two different Korean studies taken at a 35-year interval,

characterized by extremely high positive socioeconomic

changes of the country. Kim [25] found only 14 cases

(1.4%) of the hernia among 1,000 examined patients, while

in 1999 it was revealed in 41 (4.1%) out of 1,010 indi-

viduals [46]. Unlike other investigations, Boghratian et al.

[7] observed male gender predilection in patients with

hiatal hernia after examination of 4,700 Iranians. More-

over, the disease is observed mostly in older patients.

However, due to the abnormal prenatal enlargement of the

esophageal hiatus, a congenital sliding hiatal hernia may

also be found but have to be differ from the short esoph-

agus (see below) [34]. Furthermore, the hernia is com-

monly associated with diverticular disease and less

frequently with cholelithiasis—Sait’s triad [21]. Also

obesity (BMI C 25 kg/m2), advanced renal insufficiency,

prolapse of the mitral valve [22] and persistent high

intraabdominal pressure increase risk of the hernia [13, 37,

45]. High abdominal pressure was also found as one of the

leading factors in other diseases associated with a hiatal

hernia, i.e., inguinal hernia and prolapse of pelvic organs

[13, 39]. As a consequence of herniation, a relaxation of

the lower esophageal sphincter, wider cardiac angle and

esophageal empting impairment increase the possibility of

the gastro-esophageal reflux. On the other hand, the hiatal

hernia and gastro-esophageal reflux disease (GRED) itself

are risk factors for Barrett’s esophagus, chronic blood loss

and iron-deficiency anemia [5, 36], vertebral fracture [31],

atherosclerosis, as well as esophageal and laryngeal neo-

plasms [5].

The second type of hiatal hernia is the paraesophageal

one, morphologically characterized by the normal position

of the cardia but the adjusted part of the stomach fundus is

slided superiorly through the esophageal hiatus. The

paraesophageal and mixed-form hernias—that combined

sliding and paraesophageal features—have not been

extensively epidemiologically studied. Both types (II and

III according to Akerlund) are observed less often [23]

nevertheless their surgical treatment significantly increases

morbidity and mortality [12, 40]. In advanced stage of the

mixed-form hernia, the whole stomach is located intra-

thoracically (upside-down stomach hernia). Nowadays,

prevalence of such anomaly increases especially in symp-

tomatic patients [35]. According to the currently published

data, a frequency of the intrathoracic stomach is about 52

per one million persons. The disease is strongly associated

with age, and affects especially elderly people ([65 year),

more commonly blacks than whites [35].
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The last type of the hiatal hernia is the congenital short

esophagus. According to the classic description by Peters

[34], it significantly differs from the acquired type that is

always associated with the sliding diaphragmatic hernia

(Table 2). The incidence of the developmental anomaly is

estimated as 3–14% of all patients that undergo antireflux

surgery [14] and 0.084% of the general population [34].

All anomalies listed above have to be distinguished from

congenital or acquired diaphragmatic hernia, in which the

stomach with or without other abdominal organs enters the

thoracic cavity through diaphragmatic openings other than

the esophageal hiatus. Most frequently they are enlarged

sternocostal and lumbocostal triangles or pathological

openings that are secondary to diaphragmatic injuries or

their abnormal development. The congenital diaphragmatic

hernia occurs one in every 2,500 live births, and in about

30% of spontaneous abortions [42]. The posterolateral

(Bochdalek) and anterolateral (Morgagni) types are found

in 70 and 27%, respectively. In remaining cases (2–3%),

the opening is located on the level of the central tendon

(septum-transversum type). From among all the Bach-

dalek’s hernias, the left (85%) and bilateral (2%) ones

normally include the stomach [17, 18]. Experimental data

suggest that, prenatal exposure to herbicide (i.e., nitrofene),

corticosteroids and non-selective cyclooxygenase inhibi-

tors increase the risk of the anomaly. All those xenobiotics

may disturb organogenesis by the influence on vascular

development of stomach, surrounding viscera and abdom-

inal wall, including diaphragm [8, 10, 11, 18, 29, 33].

However, those findings were not entirely confirmed in

humans [24], in which a strong correlation with genetic

(Sonic Hedgehog—Shh gene pathways) and environmental

factors were found [11]. Furthermore, the disease is more

common in males and whites. It commonly complicated

respiratory distress, pulmonary hypoplasia, and less fre-

quently, pleural effusion, esophageal reflux, patent ductus

arteriosus, atrial and ventricular septal defects, as well as

congenital infections, acidosis and neonatal jaundice [28].

The second subgroup of abnormal position of the

stomach along the long axis of the organ is various degree

rotations of the stomach, which are secondary to the mal-

rotation of the gastrointestinal tract that normally took

place in an early stage of the prenatal life [16, 30]. They

include: lack, incomplete (\90o) or over-rotation ([90o) of

the stomach. When the lesions are limited to the stomach or

other part of the gut, they may be asymptomatic [1].

Clinically, abnormal rotation of the stomach without its

obstruction is also called volvulus. However, the malrota-

tion of the organ could also be associated with various

developmental anomalies of the stomach (i.e., congenital

paraesophageal hernia), and constitute a part of serious

congenital syndromes (e.g., gastric organo-axial, hetero-

taxy, Meckel–Gruber syndrome) [6, 15, 43]. Additionally,

in Meckel–Gruber syndrome, the stomach has a longitu-

dinal, intestine-like shape, without the proper fundus [15].

The group of abnormal positions among horizontal axis

contains gastric cascades characterized by a biloculation of

the gastric cavity into a ventral (corpus and antrum) and a

dorsal (fundus) recess [27]. Such abnormal position may be

congenital, functional or secondary to organic disorders of

Table 2 Differences between the congenital and acquired short esophagus based on Peters [34]

Congenital short esophagus Acquired short esophagus

Gastric cone in the chest usually high and bulky Gastric cone in the chest small (up to 3 cm on average)

Associated with digestion esophagus in squamous part often not

of excessively fibrous type, i.e. insufficient fibrosis to fix an

acquired gastric thoracic pouch

Sufficient fibrosis present for fixation of the hiatal hernia with

permanent shortening (usually with stricture)

Gastric cone may not be covered by peritoneum or only in part Gastric cone has normal peritoneal covering

Phrenicoesophageal ligament may be attached well below the

squama-glandular junction (Z-line)

Phrenicoesophageal ligament attached roughly at or above

the squama-glandular junction (Z-line)

Hiatus often very large and circular Hiatus usually only slightly enlarged and elliptical shape

usually preserved

Anomalous microscopic structure may be demonstrable No anomalies of microscopic structure

Deep esophageal mucous glands in the submucosa below the gastric

epithelium

Squamous islets embedded in the gastric epithelium

Glandular epithelium (above the insertion of the elastic ligament) usually

cardiac in type, sometimes fundal with oxyntic cells

Commonly associated with other congenital malformations (e.g. kidney

hipoplasia, digital abnormalities) or developmental variations (e.g. ileal

diverticula)

No special associations with malformations
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the stomach and surrounding organs, mostly peritoneal

adhesions. Due to lack of any specific symptoms its inci-

dence is unknown.

Stomach shape may be also affected by the feeding

habits. A chronic large amount of food taken day after day

may increase the organ volume. Unlike enlargement after

vagotomy, such ‘‘physiologically’’ large stomach may be

reversible [16, 30, 38].

In conclusion four primary groups of stomach variations

were established: abnormal position along longitudinal

(I) and horizontal axis (II), as well as abnormal shape (III)

and stomach connections (IV). The first group contained

the stomach rotation and translocation to the chest cavity,

including sliding, paraesophageal, mixed-form and upside-

down hiatal diaphragmatic hernias, short esophagus, and

the other diaphragmatic hernias. The second group inclu-

ded the stomach cascade of different stages. The third and

fourth ones comprised developmental variations and organ

malformations. The last group (V) enclosed mixed forms

that connect two or more previous variations.
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