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ABSTRACT

Aim of the study : To identify the variations of the location and patterns of the tendinous
intersections of rectus abdominins muscle in the cadavers as a guide to the surgical procedures.
Material and Methods : The number of the tendinous intersections of the rectus abdominis were
studied in 41 cadavers (82 recti). The dimensions of the recti and the location and pattern of the
tendinous inscriptions were studied only in 18 cadavers (36 recti).
Results : The number of tendinous intersections varied from one to four and their frequency of
occurrence was as follows : four tendinous intersections - 18 cases (21.95%); three tendinous
intersections-50 cases (60.97 %); two tendinous intersections - 12 cases (14.63%) and with only one
inscription- two cases (2.44%).
Conclusions : Since location and patterns of the tendinous inscription varies from one study to the
other, more extensive studies are required to establish a definite pattern among local populations.
Key Words : Rectus Abdominis; Rectus muscle of Abdomen; Surgical Flaps, TRAM Flaps.

Introduction :
The rectus muscle is quite often encountered by the surgeon during the surgery of the
anterolateral wall of the abdomen.1 The lesions
of the rectus muscle can mimic acute intra
abdominal conditions.2 The muscle fibers of
rectus abdominis are interrupted by three
fibrous bands or tendinous intersections : one is
usually situated at the level of the umbilicus,
another opposite the free end of the xiphoid
process, and a third about midway between the
other two. These intersections pass transversely or
obliquely across the muscle in a zigzag manner;
they are rarely full thickness and may only extend

half-way through. They adhere closely to the
anterior lamina of the sheath of the muscle.
Sometimes one or two incomplete intersections
are present below the umbilicus. The intersections
may occur secondarily during development, but
one controversial suggestion is that they represent
the myosepta delineating the myotomes that form
the muscle.1,3,4 The rectus abdominis (RAM)
flap is being frequently used in reconstructive
surgery. Knowledge concerning the variations of
the tendinous intersections of the rectus
abdominis has become important to the surgeons
in planning a transverse rectus muscle (TRAM)
flap for surgical reconstruction.
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Asso. Prof., Department of Anatomy, St. John's
Medical College, Bangalore - 560034.

In this present study, frequency of
occurrence of tendinous intersections in rectus
abdominis muscle as observed in dissection
room cadavers is reported.
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Material and Methods :

The dimensions of the rectus abdominis muscle:

Material for this study consisted of 41

The dimensions measured in the 36 recti muscles

formalin fixed dissection room cadavers of South

(18 cadavers) in the present study were as follows

Indian origin (27 males and 14 females) allotted

(mean and SD (range) in mms : total length -

to undergraduate students for dissection. In each

335±6.43 (270-375) ; width at different levels :

case following the skin reflection, the rectus sheath

origin - 65±12.93 (40-85) ; insertion - 24±5.8

was opened by a vertical incision bilaterally and

(15-35) ; level-1 (at the costal margin) - 59.44±8.73

the tendinous intersections were looked for. The

(50-80) ; level-2 (at the level of the umbilicus) -

number of tendinous intersections in each case

50.3±9.7(40-60) ; level-3 (below the umbilicus) -

was studied in all 41 cadavers. Since many recti

48.05±9.75(40-70).

were damaged during the student dissection and
their location with reference to xiphisternum,

Frequency of occurrence of the tendinous

umbilicus and the pubic symphysis in each

intersections : The number of tendinous intersec-

muscle could be studied in only 18 cadavers (36

tions varied from one to four and their frequency

recti),. The distance of these intersections from

of occurrence was as follows (in eighty two recti):

pubic symphysis, umbilicus and xiphisternal

the rectus muscle with four tendinous intersections

joint was measured to the nearest millimeter

were found in eighteen cases (21.95%); with three

using a measuring tape. The following

tendinous intersections were found in fifty cases

measurements concerning the dimensions of

(60.97 %); with two tendinous intersections

the rectus abdominis were also measured using

were found in twelve cases (14.63%) and with only

a measuring tape to the nearest millimeter (in 18

one inscription in two cases (2.44%). The mean

cadavers i.e., 36 recti): a)total length of the

distance of the tendinous intersections from

muscle;b)Width of the muscle at the level of its

various landmarks on the anterior aspect of the

origin, insertion, costal margin, umbilicus and

trunk viz., the pubic symphysis, the umbilicus

the interval between the umbilicus and the pubic

and the xiphisternum is shown in the Table-1.

symphysis. Patterns of tendinous inscriptions
Table-1 : Relative Distances of the Tendinous
Intersections from Landmarks on the
Anterior Wall of the Trunk

were studied in 104 tendinous inscriptions of
18 cadavers according to the description given
by Milloy, Anson and McAfee (four types) 1 was:

Tendinous
intersections

Type A is the straight line, Type B and C are
simple curved or angulated lines with apices

Land
marks

directed caudad or cephalad; Type D is complex
multiphasic type of inscription.
Results :
The results did not show any sexual or side
dominance. The results are summarized below :

Distances from Landmarks
(mean and SD Cms)
Xiphisternum

Umbilicus

Pubic
symphysis

First

5.785 ± 3.01

12.66 ± 3.71 27.98±4.186

Second

12.355 ± 3.075 7.555±3.33

Third

18.095 ± 2.485 1.9935±1.818 16.375±2.636

Fourth

22.433 ± 1.388 4.23±1.371

22.485±2.824

2.065±1.221
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type A. In six cadavers(33.33%) either no I or the
no III inscriptions were found to be incomplete
ie., they failed to reach either medial or lateral
borders of the recti.In two(11.11%) of the cases
the inscriptions were represented as patches close
to one of the borders of the rectus.

LOCATION AND DISTRIBUTION OF TENDINOUS
INTERSECTIONS IN FOUR ZONES OF THE TECTI
Prox
Cost.m

Umb

dist
2(5.5%)
a)parts of the rectus m. b) single inscription

2(5.5%) 2(5.5%) 10(27.78%) 8(22.22%)
d) three inscriptions

Discussion :
The tendinous intersections also called
"linea transversae" of the rectus abdominis vary
in number between three to five, to some extent
they limit fluid collections beneath the anterior
sheath and prevent muscle rupture. By this
arrangement the long muscle is divided into a
number of shorter ones thus increasing its
strength and efficiency.1,5 These intersections
may represent the segmental origin of the
muscle and the segments are supplied by
different segmental nerves.4

4(11.11%) 2(5.5%)
c) two inscriptions

2(5.5%) 2(5.5%) 2(5.5%)
e) four inscriptions

Fig - 1 shows the location and distribution of
the tendinous inscriptions in four zones of
the recti as observed in 18 cadavers.

Their attachments to the anterior sheath
prevent the retraction of the rectus in transverse
incision. A transverse rectus wound, in healing,
forms essentially a new cross intersection. As there
are hardly any studies in the Indian literature
which specifically addresses the location of the
tendinous intersections, hence this study has
been undertaken.
According to Anson and McVay the
division of the rectus muscle by inscriptions and
related pattern of arterial supply are subject to
great variations.1 Among 162 recti (81 cadavers)
studied by these authors at least one inscription
was present in every case but none more than four;
two one inscription (1%),nine two inscriptions
(6%),ninety four three inscriptions(58%) ,fifty
seven four inscriptions(35%) were seen and the
number was same bilaterally. 1 Wetzel and Huang
dissected fourteen adult cadavers for the purpose
of defining the arterial vascular anatomy of the

LEGENDS FOR THE ILLUSTRATIONS :
Abbreviations used : cost.m-costal margin, dist-distal
attachment(insertion), prox-proximal attachment
(origin), umb-umbilicus.Numbers I,II,III,IV
indicate the four zones of the muscle (see the text).
Patterns of the tendinous inscriptions:
The tendinous inscriptions were found to be
adherent to the anterior wall of the rectus sheath
and extended in to the substance of the muscle.
The posterior wall was almost always free from
adhesion to the inscriptions.The frequency of
the four patterns in 104 tendinous inscriptions
of 36 recti was as follows:A-49.04%; B&C-30.77%;
D-10.58 %.Apart from these a fifth category of
incomplete type was found in 9.6 %.In twelve
cadavers(66.67%) the inscriptions were bilaterally
symmetrical in pattern and in six (33.33%) the
pattern was asymmetrical.In four cadavers
(22.22%) all the inscriptions were bilaterally of
36
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tendinous intersections of the rectus abdominis
muscle. Three to four tendinous intersections
could be identified in each rectus abdominis
muscle. Twelve out of fourteen muscles (86%) had
three intersections.6 The tendinous intersections
were commonly seen at the level of the costal
margin (superior), halfway between the costal
margin and umbilicus (middle), and in the region
of the umbilicus (inferior). The inferior intersection
was frequently incomplete, extending from
one-half to three fourths of the transverse
distance across the rectus abdominis muscle.
Two recti had a small rudimentary fourth
intersection below the inferior transection.6
In the present study, 21.95% had four
intersections; 60.97% had three intersections
and 14.63% had two intersections and only two
had single inscription (2.44%).
All inscriptions donot extend across the
entire width of the muscles; in the study by
Anson and McVay 530/356 (67%) were complete
inscriptions extending from lateral to medial;
one hundred and twenty eight were not complete
but extended across more than half the width;
forty six(9%) less than half the width.Of the forty
six majority touched the lateral border.1
Milloy, Anson and McAfee have classified
the patterns of tendinous inscriptions into four
types in their study of 289 inscriptions : Type A
is the straight line, Type B and C are simple
curved or angulated lines with apices directed
caudad or cephalad; Type D was complex
multiphasic type of inscription. They found an
incidence of 21%, 50.5% and 28.4% for each of
these types respectively. Incidence pattern of these
types for 104 inscriptions studied in the present
series was as follows: A-49.04%; B&C -30.77%;
D-10.58%. Apart from these a fifth category
of incomplete type was found in 9.6 %.7

Milloy, Anson and McAfee in their study
divided the rectus muscle into four arbitrary
zones: the first zone was the area of costal margin
and above; the second area between the costal
margin and the umbilicus; the third a narrow
zone at the level of the umbilicus, and the fourth
the area between the umbilicus and the tendon
of insertion. These authors found that the
most frequent location of the inscription was the
second zone and often two inscriptions were
found at this location. On the other hand no
inscriptions were found in the fourth zone in over
50% of the muscles examined. Commonest
number of inscriptions found on a muscle was
three and these were located in zones I, II and
III (38% of the recti examined).7 Location of the
inscription in four zones of the thirty six recti
(18 cadavers) examined in the present study is
shown in the fig -1. The inscriptions were found
most frequently in zone -II (100%), followed
by zone I and zone III. In 16 recti (44.44%)
inscriptions were found in zone IV.
The measurements of the recti in the
present study were bilaterally symmetrical and
there was no correlation between the length
or width of the muscle and the number of
inscriptions. Milloy, Anson and McAfee also
found in their study the recti to be of equal length
on two sides and measured between 34 to 38
centimeters.7
Das, Suri and Kapur in their study of
the tendinous intersections of rectus abdominis
muscle in 46 human cadaveric dissections over a
span of 3 years, found only two unusual patterns
of intersections: one with tendinous intersections
arched, and the other with the intersections at
different levels on the right and left sides of the
same cadaver, were observed, in two different
cadavers.8
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abdominal quadrants,being long, broad muscle
it can provide adequate muscle length for a
circumferential wrap around the stoma, it has a
reliable and consistent blood supply from the
inferior epigastric artery, dissection can be
performed through the same laparotomy incision,
associated with minimal donor site morbidity.20
Hartrampf and Michelow noted that the
intersections may not extend completely through
the substance of the muscle, and when this
occurs, the deep epigastric vessels pass between
the segments while remaining within the muscle.
They stated that the deep epigastric vessels
course behind the muscle in the upper and lower
portions but then enter the muscle and pass
through the two tendinous intersections that are
situated at and above the level of umbilicus to
anastomose within that segment of that muscle
which lies between them. Because the anterior
sheath is rigidly adherent to the intersections,
attempts to dissect the sheath free at these two
levels place the vessels within the rectus at risk.21
In this study the intersections did not extend
completely through the substance of the muscle.
Boyd, Taylor and Corlett noted that the highest
concentrations of perforators in the paraumblical
area and an increased density of large perforators
in the tendinous intersections.22 Whetzel and
Huang have also found an increased density of
perforating arteries at the intersection. Better
understanding of the location of the tendinous
intersection may allow for development of
surgical techniques to improve circulation to
TRAM flaps.6

Wetzel and Huang have studied the
vascular anatomy of the tendinous intersections
of the rectus abdominis muscle in fourteen adult
cadavers. The superior epigastric artery commonly
supplied the superior and middle intersections
and the inferior epigastric artery commonly
supplied the inferior intersection.6
The vascular architecture of the tendinous
intersections is characterized by a system of
transverse arcades arising from either deep
superior epigastric artery or inferior epigastric
artery to send branches supplying muscle or
overlying skin. The intersections had a higher
number of total perforators and large perforators
per square centimeter than any of the rectus muscle
segments. The greatest density of perforators
(1.47/cms2) and large perforators (0.90/ cms2)
occurred in the periumbilical inferior tendinous
intersection. The muscle segment located in the
superior periumbilical region had the highest
concentration of perforators and large perforators
of all the four muscle segments.6
Neurovascularized free RAM grafts are
being extensively used in reconstruction of the
breast, thorax,vagina, pelvic floor, anterior skull
base, bladder, extremity defects.9-15 RAM grafts
are even being used dynamic reanimation of facial
paralysis.16-18 The TRAM flap is an important
reconstructive tool, particularly in reconstruction
of the breast following mastectomy. In clinical
experience with TRAM flaps, it is seen that there
is significant vascularity of the tendinous intersections, as witnessed by the amount of bleeding in
these areas during dissections.6 Rectus abdominis
musculo-peritoneal (RAMP) flap are also used
for repair of duodenal fistulae.19 Janou et al., find
the RAM flap to be the most promising myoplasty
muscle for stomal sphincter reconstruction for
several reasons, ie, its close proximity to the lower
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