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ABSTRACT - Background: Ultrasound, computed tomography, and magnetic resonance 
imaging of abdominal wall has increasingly been used for hernia diagnosis when 
clinical examination is uncertain. Anatomical study of abdominal wall along with the 
ultrasound of transversus abdominis muscle aponeurosis can help identify a Spigelian 
hernia in this region, a disease of difficult diagnosis. Aim: To compare the ultrasound 
findings of anterolateral wall of the abdomen, focusing on Spigelian aponeurosis, to 
the anatomy of abdominal wall studied in cadavers. Methods: The evaluation of the 
transversus abdominis aponeurosis was performed during routine ultrasound exams of 
the anterolateral wall of the abdomen in 90 individuals of both genders, over 25 years, 
and data were correlated with 60 dissections of the abdominal wall, held on cadavers. 
Results: Ultrasound showed no significant defects in the aponeurosis of transversus 
abdominis muscle in the 90 subjects studied and the width of the Spigelian aponeurosis 
ranged from 0.83 to 2.93 cm (mean 1.72 cm). During dissections of the transversus 
abdominis, some defects were found in 14 out of 60 muscles and aponeurosis studied 
(23.3%) and the width of the Spigelian aponeurosis ranged from 1.5 to 3.5 cm (mean 
2.26 cm). Comparisons between age groups and genders evaluated by ultrasound 
with cadaver dissections performed were not statistically significant. Conclusion: 
Sonographic examinations found no defects in the aponeurosis of transversus abdominis 
muscle compatible with hernias, and anatomical variations and defects found during 
dissections were not as well accompanied by Spigelian hernias in the studied corpse.

RESUMO - Racional: A avaliação da parede abdominal pela ultrassonografia, tomografia 
computadorizada e ressonância magnética tem sido cada vez mais indicada para 
auxiliar no diagnóstico das hérnias quando o exame clínico deixa dúvidas. A correlação 
de estudos da anatomia da parede abdominal com o exame ultrassonográfico da 
aponeurose do músculo transverso do abdome pode auxiliar no diagnóstico de 
uma hérnia desta localização, a hérnia de Spiegel, que se apresenta como doença de 
diagnóstico clínico difícil. Objetivo: Comparar os achados ultrassonográficos da parede 
anterolateral do abdome, com foco na aponeurose de Spiegel, e a anatomia da parede 
abdominal estudada em cadáveres não fixados. Método: A avaliação da aponeurose do 
músculo transverso do abdome foi realizada durante exames ultrassonográficos de rotina 
da parede anterolateral do abdome em 90 indivíduos de ambos os gêneros, maiores 
de 25 anos e estes dados foram relacionados com 60 dissecções da parede abdominal 
realizadas em cadáveres não fixados. Resultados: Os exames ultrassonográficos não 
evidenciaram falhas significativas na aponeurose do músculo transverso do abdome 
nos 90 indivíduos estudados e a largura das aponeuroses de Spiegel variou de 0,83 a 
2,93 cm (média de 1,72 cm). Durante as dissecções do transverso do abdome foram 
encontradas alterações anatômicas em 14 de 60 músculos e aponeuroses estudadas 
(23,3%) e a largura da aponeurose de Spiegel variou de 1,5 a 3,5 cm (média de 2,26 cm). A 
comparação entre os grupos etários e gêneros avaliados pelo estudo ultrassonográfico 
com as dissecções efetuadas em cadáveres não apresentou significância estatística. 
Conclusão: Os exames ultrassonográficos não encontraram defeitos na aponeurose 
do músculo transverso do abdome compatíveis com hérnias, assim como as variações 
anatômicas e os defeitos encontrados durante as dissecções também não foram 
acompanhados de hérnias de Spiegel nos cadáveres estudados.
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INTRODUCTION

The study of aponeurosis of the transversus 
abdominis muscle is clinically important, 
since a failure in the fibers disposition of this 

aponeurosis may be responsible for the development of 
uncommon hernia, with difficult clinic diagnostic, called 
Spigelian hernia, which would be represented by the 
protrusion of a peritoneal sac and preperitoneal fat, due 
to a defect of this aponeurosis between the semilunar 
line and the lateral border of the rectus abdominis13. 
With the use of ultrasound, computed tomography8,27 
and magnetic resonance24, the diagnosis of this disease 
has increased in recent years.

Ultrasonography has been used for the evaluation 
of Spigelian hernia from the pioneering studies of Leif 
Spangen in 197625. It is a rapid, non-invasive exam that 
provides good quality images and properly shows the 
structures of the abdominal wall even in obese and can 
be easily performed in emergency4. This test has also 
been extensively used in the study of other hernias and 
also for the differentiation of palpable masses, in case 
of doubt in the clinical examination, in order to figure 
out whether they originate were in the cavity or in the 
abdominal wall7. The improvement in image quality with 
the use of high-frequency transducers, the possibility 
of dynamic evaluation of the abdominal wall in supine 
position, with the aid of the Valsalva maneuver and the 
detailed study of the muscular plans, this exam is more 
widely recommended24.

Computed tomography clearly shows the plans 
of the abdominal wall, being an option when doubt 
persists; it also allows evaluation with increased intra-
abdominal pressure induced by the Valsalva maneuver. 
The peritoneography with contrast was described to 
complement the evaluation when the clinical suspicion 
of hernia is significant and the clinical examination is 
not conclusive6,24.

Magnetic resonance has begun to be used, and 
is considered accurate, but all methods of diagnostic 
imaging are subjected to flaws that can interfere with the 
quality of the exam20,29, being particularly useful in obese9.

The three muscles of the anterolateral abdominal 
wall (external oblique, internal oblique and transversus 
abdominis), become aponeurotic medially and form 
the sheath of the rectus abdominis. Above the arcuate 
line the internal oblique aponeurosis splits, merging 
in the upper side with the aponeurosis of the external 
oblique and in the lower side with the aponeurosis of 
the transversus abdominis muscle, forming this sheath. 
Below the arcuate line, this division of the aponeurosis of 
the internal oblique aponeurosis is absent and the three 
muscles pass in front of to the rectus abdominis. The 
transversus abdominis muscle is the deepest, its lateral 
portion is muscular and the medial is aponeurotic. The 
boundary separating these portions describes a curve 
of external convexity, from costal margin to the pubis, 

the semilunar line (Linea Semilunaris) or Spiegel line. 
The portion of the transversus abdominis aponeurosis 
between the semilunar line and the lateral edge of the 
rectus sheath is called Spiegel aponeurosis12,26,27.

The aim of this paper was to compare the results 
of ultrasound examinations of transversus abdominis 
muscle aponeurosis to the anatomy of the abdominal 
wall studied in unfixed cadavers (Figure1).

FIGURE 1 - Dissection of the aponeurosis of the transversus 
abdominis muscle above the arcuate line cadaver 
not formalin-fixed

METHOD

For sonographic evaluation 90 individuals were 
assessed, 45 females and 45 males. Each of these 
larger groups were divided by age into groups of 15 
individuals of each gender, two groups aged between 
25 and 44 years, two aged between 45 and 64 years 
and two groups over 65.

The dynamic study of the abdominal wall was 
performed by ultrasound Nemio Toshiba®, with a 7.5 
MHz linear transducer. All examinations were performed 
by the same observer. The evaluation focused on the 
transversus abdominis muscle and its aponeurosis 
above (Figure 2) and below the arcuate line (Figure 3) 
during routine examinations of the anterolateral wall 
of the abdomen, in individuals who have accepted 
the experiment, in accordance with a consent term 
previously established. The choice of the aponeurosis 
to be assessed and measured, if right or left was at 
random, but the measurements were always performed 
above the arcuate line (Figure 2).
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FIGURE 2 - Ultrasonographic image of the aponeurosis of 
the transversus abdominis muscle above the 
arcuate line. OE (external oblique), OI (internal 
oblique), TA (transversus abdominis) and RA 
(rectus abdominis) represent the muscles 
studied. AMT: aponeurosis of the transversus 
abdominis muscle above the arcuate line, in this 
image measuring 1.68 cm

FIGURE 3 - Ultrasound image of the abdominal wall 
below the arcuate line. OE (external oblique), 
OI (internal oblique), TA (transversus 
abdominis) and RA (rectus abdominis) 
represent the studied muscles

The values   obtained were related to anatomical 
data of the anterolateral wall of the abdomen of 
cadavers studied by Leme in 199612, who dissected 
31 unfixed corpses with an average age of 65 years, 

having been held unilateral dissection in the first two 
cadavers and in the 29 remaining the study of bilateral 
abdominal wall, performing 60 dissections (Figure 1).

Measures of aponeurosis between each of the 
groups divided by gender and by age were compared 
to measurements obtained during cadaver dissections. 
The results were statistically analyzed by Student’s t test.

RESULTS

There were no flaws compatible with hernias 
during the sonographic evaluation of the aponeurosis 
of the transversus abdominis muscle in 90 subjects 
studied and the width of the aponeurosis of Spiegel 
ranged from 0.83 to 2.93 cm, measuring an average of 
1.72 cm.

The average width in inches of the aponeurosis 
of the transversus abdominis muscle obtained by 
ultrasound was similar among the 45 individuals of 
each gender, being 12.5 % higher in men. The largest 
difference occurred in the group of men between 25 
and 44 years which presented as an average 42.5 % 
higher compared to women of the same age. The 
width of the aponeurosis of this age group was 25.2 
% higher than the average of other age groups of 
males and 34.5 % higher than the average female 
age groups. When individual measures of each group 
were compared there was statistically significant 
difference (p<0.05) when comparing the groups of 
men between 25 and 44 years with over 65 years 
(p=0.01) and when the groups of women between 25 
and 44 years were compared to the women between 
45 and 64 years (p=0.04).

During the 60 dissections of the transversus 
abdominis muscle, besides the unusual arrangement of 
muscle fibers, several spindle defects in its aponeurosis 
(14 dissections - 23.3 %) were found, but there was no 
Spigelian hernia in dissected cadavers. The semilunar 
line was studied in all dissections, aponeurosis was 
measured, and values   between 1.5 and 3.5 cm was 
found, with a mean of 2.26 cm (Table 1).

Comparison of measures of aponeurosis between 
age groups and genders evaluated by ultrasonography 
with the values   found during dissections performed on 
cadavers showed no statistical significance (p>0.05 ).

TABLE 1 - Distribution of study groups with ultrasound and 
average values   in centimeters of the transversus 
abdominis aponeurosis.

Gender and number of 
individuals Male (45) Female (45)

Age (years)
15 individuals / group

inches average of the transversus 
abdominis aponeurosis

25 to 44 2,46 1,41
45 to 64 1,44 1,78
over 65 1,64 1,64

group average 1,84 1,61
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DISCUSSION

Ultrasonography of the abdominal wall is a 
suitable method for the study of the aponeurosis of the 
transversus abdominis and images, usually performed 
bilaterally, are analyzed by comparing the left and right 
aponeurosis of the same person. Spangen27 considers 
the accuracy of ultrasound and computed tomography 
very similar to detect Spigelian hernia.

There is a difference in echogenicity between the 
skin, more echogenic, and the subcutaneous tissue, 
which has variable thickness, but the fatty layer is 
show hypoechoic on ultrasound. Muscle layers can 
be recognized by their peculiar lamellar characteristic. 
The tests are usually performed with high frequency 
linear transducers, ranging between 5 and 12 MHz. 
Examination can be started with panoramic images 
to show the structures of the abdominal wall. There 
is no need for specific training and even when the 
skin is injured, transducer can be covered with a 
protective sterile or even a glove, allowing appropriate 
examination7.

Jamadar et al.11 did not described difficulties 
in assessing the lateral edge of the rectus abdominis 
sheath when looking for Spigelian hernias. When 
evaluating the inguinal region, they considered the 
structures in this region shallow, so that a 10 MHz linear 
transducer would already be effective, although in 
subjects with greater muscle mass a 7 MHz transducer 
may be needed. In obese, anatomical structures can 
be more difficult to be individualized, especially when 
studying the inguinal region, but this statement is 
refuted by Spangen27 who, evaluating the aponeurosis 
of the transversus abdominis, found that fat tissue does 
not affect penetration or reflection of ultrasound. The 
Valsalva maneuver is important and can identify smaller 
hernias with no content in the hernia sac. When this 
study was standardized the same 7.5-MHz transducer 
was chosen to perform all tests and obesity was not 
a limiting factor to obtain adequate images. Spigelian 
hernia is uncommon, but the classic discussion about 
being a poorly recognized hernia and not properly 
rare remains18,19. It is a type of hernia rarely reported in 
Brazilian literature14. Most of its symptoms are associated 
with complaints of pain or bowel incarceration. In the 
last decade there has been significant increase of the 
indication of computed tomography in emergency 
situations, being currently considered the best option 
for the diagnosis of abdominal emergencies related to 
hernias4,8.16.

Even with the computed tomography it is possible 
to get images while performing the Valsalva maneuver 
to increase intra-abdominal pressure. This study can 
be complemented with contrast injection into the 
peritoneal cavity (peritoneography), a more invasive 
method to detect hernias of difficult diagnosis, a method 
not widespread in the Brazilian usual procedures, but 

their has to be reported6,24. An important caution in 
the interpretation of this exam must be taken while 
assessing areas of thinning of the abdominal wall, 
which does not represent the presence of hernias. 
Tomography is useful when the adipose tissue is 
very thick and turns it difficult for an accurate clinical 
examination6. Magnetic resonance imaging has also 
been used and is considered an accurate test, but the 
methods of diagnostic imaging are subjected to some 
circumstances that may interfere with the interpretation 
of the exams20. Even the movements of the abdomen 
while breathing or the fat of the abdominal wall can 
produce significant misinterpretation of the magnetic 
resonance images29. As the other tests mentioned, it 
will depend on the radiologist’s interpretation and its 
indications and use in the hernia studies hernias has 
recently begun to be widespread, being recommended 
as an adequate and accurate option whenever there is 
a diagnostic doubt.

The anterolateral wall of the abdomen has a 
laminar structure. The external oblique muscle is 
the largest and strongest of the lateral wall of the 
abdomen, with a lateral muscular portion and a medial 
aponeurotic portion. Attachment of its lower fibers 
portion forms the inguinal ligament between the 
anterior superior iliac spine and the pubic tubercle. 
Medially it contributes to the formation of the linea alba 
and its aponeurotic portion in the inguinal region forms 
the superficial inguinal ring, the inguinal and lacunar 
ligament2,10. The internal oblique muscle is smaller and 
thinner than the external oblique, being fused with the 
costal margin, twelfth rib and xiphoid appendix. It is 
medially directed to the rectus sheath and inferiorly to 
the pubis, iliac crest and anterior superior iliac spine. It’s 
anterior fascicles fuse with the transversus abdominis 
and its medial fascicles end in the anterior external 
oblique aponeurosis.

The transversus abdominis is deep compared to 
the last six costal cartilages and it is interconnected with 
the fibers of the diaphragm. If viewed from inside the 
abdomen it seems only one muscle21. Its lower fibers 
are parallel to the internal oblique and its aponeurosis 
contributes to the rectus sheath, covering it posteriorly 
to the extent determined by the arcuate line17. There are 
controversies regarding the anatomical arrangement of 
the muscles of the anterolateral wall forming the sheath 
of the rectus sheath and there are anatomical variations 
described in all muscles of the anterior abdominal 
wall. The different arrangements of the abdominal 
muscles can be just considered variations of the usual 
arrangement of the fiber groups of these muscles. 

Although there is more than one definition for 
the semilunar line and if is considered that the fusion 
of muscular and aponeurotic layers on the site is done 
very inaccurately, making it less visible12, is considered 
the definition that describes as the line that marks 
the transition between muscle and aponeurosis of 
the transversus abdominis, a curved line of external 
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convexity, forming an arc of the costal margin to the 
pubis25,26,27. The portion of the transversus abdominis 
aponeurosis that lies between the semilunar line and 
the lateral edge of the rectus sheath is called the 
aponeurosis of Spiegel26. This aponeurosis can be 
covered by muscular or aponeurotic portion of the 
internal oblique. Spangen25 appreciates a six inches 
strip above the imaginary line joining the anterior 
superior iliac spines, called “belt” of Spigelian hernia, 
where this aponeurosis and the internal oblique 
aponeurosis are wider. Most of these hernias are found 
in this place. In the study on cadavers used in this 
publication the width of the aponeurosis of Spiegel, the 
arrangement of the internal oblique and transversus 
abdominis in bands formed by bundles of muscle 
fibers as well as adipose tissue on the aponeurosis 
of Spiegel, though present, are not accompanied by 
hernias in the region. Askar3, dissecting the transversus 
abdominis in 40 cadavers, noted that their muscle 
bundles were not really transverse. This author 
studied the decussation of the aponeurotic fibers of 
the abdominal muscles in the linea alba and found 
simple decussation of the fibers of the transversus 
abdominis in 30 % and triple in 70 % of his dissections. 
Anson et al.2 found spindle defects of the transversus 
abdominis in 13 out 100 dissections. Although there 
are several, most of this anatomical variation was 
due to muscle insertions from the lower border of 
its aponeurosis, which can be found from a high 
position in the rectus sheath to the medial border of 
the femoral ring. These spindle defects were found in 
the dissections that have been made   in our research, 
but the muscle proved quite resilient and its defects 
were small and little significant. In the region of the 
aponeurosis of Spiegel, the muscle fibers of the internal 
oblique and transversus abdominis followed a parallel 
course. Juxtaposed muscle bands in the internal 
oblique and mainly in the transversus abdominis where 
found, with little fat tissue between the muscular 
fascicles, featuring areas of significant weakening of the 
muscles between the bands, as well as defects such as 
gaps in the aponeurosis of the transversus abdominis. 
The anatomical variations and defects found during 
dissections of the transversus abdominis and internal 
oblique, did not show evidence of Spigelian hernias in 
cadavers, but the preperitoneal fat, dissecting the fibers 
of the aponeurosis of the internal oblique and Spiegel, 
was found both in operations and dissections, which 
may represent a relationship between the muscular and 
aponeurotic defects of the anterolateral abdominal wall 
and the Spigelian hernia13.

Leme12 conducted the study of not fixed corpses 
by formalin, dissecting materials similar to living tissue 
in color and texture, reviewed the surgical anatomy, 
anatomical changes in the anterolateral wall of the 
abdomen and Spigelian hernias. These studies were 
useful for comparison with the findings of ultrasound 
examinations evaluated in this publication. The average 

age of the cadavers dissected was 65 years, when 
Spigelian hernias occur more frequently.

Spigelian hernia is difficult to diagnose and 
sometimes imaging tests such as ultrasound, computed 
tomography and magnetic resonance imaging may be 
necessary. Ultrasound is very useful because it is simple, 
allowing for dynamic evaluation of the abdominal wall, 
both with the patient standing and during maneuvers 
that produce increased intra-abdominal pressure, it 
can be recommended as the first option when there is 
diagnostic doubt24. With the increasingly frequent use 
of images whit transverse cuts witch allows accurate 
assessment of anatomical details, the possibilities to 
perform the diagnosis in difficult cases has increased, 
but its use has yet to be properly determined28, since 
much of the literature available for consultation is based 
on clinical case reports4,5,15,22,23,30. Nowadays there has 
been some research showing the superiority of a more 
specific method such as magnetic resonance1.

 CONCLUSION

Sonographic examinations showed no defect in the 
aponeurosis of the transversus abdominis compatible 
with hernias, as well as the anatomical variations and 
defects found during dissections have not as well been 
followed by Spigelian hernia on the corpse.
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