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ABSTRACT 

Objective: The aim of this study was to note down the variations in the attachment of diaphragmatic crura in respect 

to their role in gastro esophageal reflux disease, cruraltumours and thickening of crura in chest trauma.  

Study Design: Descriptive study.  

Place and Duration of Study: This study was conducted at the Anatomy department of Khyber Medical College 

Peshawar and Khyber Girls Medical College Peshawar from 2008 to 2016. 

Material and Methods: 32 human cadavers were dissected irrespective of age and sex. After the removal of 

abdominal viscera attachment of right and left diaphragmatic crura noted. Data was analyzed by SPSS version 10. 

Result: On the right side crura was attached to the bodies of L1 toL3 vertebra in 78.13% and on the left side from L1 

to L2 in 75%.However in 18.75 % the lower most attachment extended to L4 vertebra on the right side and L3 in 25 

% on the left side .Crurain 21.87% of cases were on the right side and 18.75%of cases on the left side merge with 

anterior longitudinal ligament.  

Conclusion: There is a marked anatomical variations in the attachment of diaphragmatic crura. Recognition of the 

variant will be helpful in diagnosis and treatment of hiatal hernia, cruraltumour and crural injury. 
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INTRODUCTION 

The diaphragm is a primary muscle of respiration. It is 

dome shaped   musculoaponeurotic sheet that separate 

the thoracic cavity from the abdominal cavity. The 

muscular part of the diaphragm has 3 parts sternal, 

costal and lumbar, based on the region of their 

attachment. The lumbar part arises from the arcuate 

ligament and from lumbar vertebrae by mean of vertical 

columns known as crura. The crura of diaphragm arises  

from the anterolateral surface of bodies and 

intervertebral discs of lumbar vertebrae. They are 

musculotendinous bands that merge with the anterior 

longitudinal ligament of vertebral column. The right 

crura is stronger, broader and longer than the left, 

originating  from the  bodies and intervertebral disc of 

the first three  lumbar  vertebrae while the left crura  

from the first  two  lumbar vertebrae .The tendanious  

medial margin of the crura pass medially and anteriorly 

to meet in the mid line to form arch in front of the aorta 

called median arcuate ligament1. 
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The area behind this a is known to be aortic hiatus. The 

fibers originating from the xiphoid process, from the 

medial and lateral arcuate ligament especially from the 

ribs and their cartilages converges to be inserted into 

central tendon2. D Troyer et al notified  in their study 

that while the costal diaphragm expands the lower rib 

cage, the crural diaphragm negligibly  changes the 

dimension of the rib cage3. It seems that the crural 

diaphragm has a significant role in maintaining 

gastroesophageal  reflux barrier and minor role in 

respiration. 

The antireflux mechanism is maintained  by the two 

sphincters at the esophagogastric junction, smooth 

muscle (lower esophageal end) and a skeletal  muscle 

(crural diaphragm).The amount of contribution of the 

crural diaphragm compared to the lower esophageal 

sphincter as a antire flux barriar is difficult to determine 

because they are superimposed on each other4. The 

information regarding the sphinctericaction of 

respiratory diaphragm and its relation to 

esophagogastric junction in previous studies have 

shown that the most of the physiologists were aware of 

the value of crural diaphragm in preventing the reflux 

of the gastric content into esophagus from stomach. 

Gastroesophageal refluxoccurs when antire flux 

mechanism is ineffective, allowing the acidic gastric 

content to esophagus5,6. In swallowing during 

inspiration the crural diaphragm briefly ceases to 

contract while the rest of diaphragm is contracting and 

allowing the bolus to pass across the diaphragm. This 

dramatic divergence of the activity of crural and costal 

diaphragm is seen during swallowing and esophageal 
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distention7. The exact mechanism that lead to the reflux 

inhibition of the crural diaphragm during esophageal 

distension is somewhat unclear8,9  Mital et al observed 

in their study that the difference in the pressure gradient 

in esophagus (negative) and stomach (positive) during 

inspiration favours reflux  but simultaneous contraction 

of the crura reinforce the esophagogastric junction. He 

also observed that after cruralmyotomy, the lower 

esophageal sphincter cannot compensate for the loss of 

crural muscle. During their study they came to the 

conclusion that some of the patients suffering from 

gastroesophageal disease have impaired crural function. 

He further stated that the incidences need to be studied 

further10. 

Allen and Greer demonstrated that crural and costal part 

of diaphragm is not only different anatomically and 

functionally but also developmentally. During the 

intrauterine life costal diaphragm develop from the 

myoblast that probably  derived from the 3rd,4th and 

5th cervical somites that invade the pleuroperitonium11 

.However in contrast to costal  diaphragm, crura 

develop from myoblasts that grow into the dorsal 

mesentry1.The motor nerve supply to the diaphragm is  

via phrenic nerve through separate branches to the 

crural and costal region12,13 .Esophageal hiatus is an 

opening  at the level of T12 vertebral body in the 

muscular part of the diaphragm, formed by the right 

crus of diaphragm and is the only opening of diaphragm 

that is susceptible to visceral herniation i.e. hiatal 

hernia14. 

MATERIALS AND METHODS 

This descriptive study was conducted on human 

cadavers irrespective of age and sex during regular 

dissection classes to medical students in the department 

of anatomy Khyber medical college Peshawar and 

Khyber Girls Medical College Peshawar from 2008 to 

2016.After removal of the abdominal viscera, the 

attachment of right and left crura of diaphragm was 

noted. The data was statistically analyzed by using 

SPSS version 10. 

RESULTS 

A total of 32 human cadavers were dissected and the 

attachment of diaphragmatic crura were identified on 

the lumbar vertebrae (Figure 1). Out of them  in 

25(78.13%)  specimens the diaphragmatic attachment is 

observed to the bodies of L1 to L3 vertebra on right 

side and  L1 to L2 vertebral bodies on the left side in 

23(71.87%) specimens. However in 6(18.75%) 

specimens attachment found to be from L1 to L4 

vertebral bodies on the right side and in 7(21.87%) 

specimens  from L1 to L3  vertebral bodies on the left 

side.(Table 1).The lower most attachment extended up 

toL4 vertebra on the right  side  in 6(18.75%) 

specimens and on the left  side upto L3 vertebra in 

7(21.88%) specimens((Table 2). Crura did not merge 

with the anterior longitudinal ligament on the right side 

in 25(78.13%) specimens and on the left side in 

26(81.25%) specimens (Table3). 

 
Figure No.1: Lumbar Vertebrae 

 

Table No.1: Crural attachment to vertebral bodies 

 Crura of 

Diaphragm 

Frequency Percent 

(%) 

Right 

Crura 

T12-L3 1 3.12% 

 L1-L3 25 78.13% 

 L1-L4 6 18.75% 

Total  32 100% 

 T12-L2 2 6.26% 

Left Crus L1-L2 23 71.87% 

 L1-L3 7 21.87% 

Total  32 100% 

 

Table No. 2: Lower most level of cruralextension to 

vertebral bodies 

 Crura of 

Diaphragm 

Frequency Percent 

(%) 

Right 

Crura 

L3 26 81.25% 

 L4 6 18.75% 

 Total 32 100% 

Left 

Crura 

L2 25 78.12% 

 L3 7 21.88% 

 Total 32 100% 
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Table No. 3: Crural attachment to anterior 

longitudinal ligament 

 Cruraof 

Diaphragm 

Frequency Percent 

(%) 

Right 

Crura 

Present 7 21,87% 

 Absent 25 78.13% 

 Total 32 100% 

Left Crura Present 6 18.75% 

 Absent 26 81.25% 

 Total 32 100% 

 

DISCUSSION 

The term crurais derived from the Latin word crurelis 

meaning leg15.The primary muscular tumour of the 

diaphragmatic crura namely desmoidtumour, lipoma, 

leiomyosarcoma and rhabdomyosarcoma have been 

reported. Some of the intrathoracic malignancies such 

as metastatic or lung malignancies may invade the 

diaphragmatic crura. The knowledge regarding 

variations of the diaphragmatic crura is helpful in 

diagnosis and treatment of the crural  tumour16,17. 

Where the thickening of the diaphragmatic crura in 

trauma is an indicator of the injury18. Majority  of the 

studies performed earlier reported that the attachment 

of diaphragmatic crura on the bodies and  intervertebral 

discs on the right side usually extend from L1 to L3 and 

on the left side from L1 to L2  vertebra5. However one 

study differ in that where in maximum cases the 

attachment of crus of diaphragm can extend to lower 

border of L4 vertebra on the right side and L3 vertebra 

on the left side19 .In the present study majority of the 

specimens the diaphragmatic crural attachment on the 

right side was extended from L1 to L3 vertebra in 

78.13%, from T12 to L2 vertebra in 3.12% and from L1 

to L4 vertebra in 18.75%. On the left side 

diaphragmatic crural attachment extended from T12 to 

L2 in 6.26 %, from L1 to L2 in 71.87 % and from L1-

L3 in 21.87% (Table1).However in 81.25 % the lower 

most diaphragmatic crural attachment extended to L3 

vertebra on right side and L2 vertebra in 78.12 % on the 

left side (Table2). Right crura in 21.87 % and left crura 

in 18.75 % blended with anterior longitudinal ligament 

(Table3). The present study correlate with the study of 

Imtiaz Ahmad et al where  on the right side crural 

attachment extend upto L3  in 73.3%,  and on left side 

upto L2  in 64.4 %. On the right side in 24.4% and left 

side in 22.2% crura blended with the anterior 

longitudinal ligament20. 

CONCLUSION 

There is a marked anatomical variation in the 

attachment of diaphragmatic crura. Recognition of 

variant will be helpful in diagnosis and treatment of 

hiatal hernia, crural tumour and crural injury. 
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